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PREFACE

Intended Use and Level

Fundamentals of Construction Estimating is written 
to provide the reader with the resources necessary to 
learn how to estimate the construction costs of build-
ing projects following the methods employed by suc-
cessful general contractors. The book is primarily 
intended for the person who is beginning to learn the 
process of construction cost estimating, whether he or 
she is a student taking a course in estimating at col-
lege or someone who has recently assumed estimating 
responsibilities in a construction organization. The 
text will also be of interest to construction manag-
ers, supervisors, and practicing estimators who, from 
time to time, may wish to refer to a source of estimat-
ing data or simply investigate how other estimators 
approach this subject.

approach

The goal of the text is to describe easy-to-follow, step-
by-step estimating processes that can be used with 
the latest technology to produce accurate forecasts of 
construction costs in the minimum amount of time. 
Estimates that follow these processes in their prepa-
ration are easy to review, and the end results are rec-
ognized by experienced estimators as the product of a 
professional. The procedures demonstrated are intended 
to reflect the basic core of the estimating discipline 
that is found in many different types of construction 
estimates. While the techniques developed here can be 
applied with little modification to the wide variety of 
construction work, the worked examples offered relate 
to a housing project and a commercial project selected 
for their relative simplicity so that the reader can con-
centrate on the estimating technique rather than having 
to spend time unraveling detail.

The estimating process presented is not intended 
to be some radical new method of estimating; instead, 
it is estimating as it is currently pursued by profes-
sional estimators doing essentially what estimators 
have always done but with far more speed, accuracy, 

and thoroughness using all the modern innovations that 
advance the efficiency and effectiveness of the process.

Note that all prices used in the text are for illustra-
tive purposes only; actual prices of construction work 
vary considerably from place to place and from time to 
time and should be carefully considered before using 
them in actual estimates.

text Layout

Each chapter begins with a list of objectives identify-
ing the learning outcomes that will be achieved by 
studying the chapter material. Readers will also find a 
summary at the end of each chapter outlining the main 
concepts addressed in the chapter. Furthermore, a glos-
sary of common terms used in estimating is included in   
Appendix.

Chapters 1 and 2 introduce readers to the  estimating 
process, and Chapter 3 describes the general principles 
of measuring work and preparing quantity takeoffs, 
which is one of the main components of the estimating 
process. In Chapter 4 the quantity takeoff of excava-
tion work is discussed in detail, and the two examples 
of a full estimate begin in this chapter and then con-
tinue throughout the rest of the book. One example 
shows a cost estimate of a house, and the second is an 
estimate of a commercial building. These examples of 
cost estimates are based on drawings that are included 
with the text. The drawings of a house are referred to as   
Figure 4.11, and Figure 4.12.

Chapters 5 through 7 consider the takeoff pro-
cess for concrete work, masonry work, and a number 
of other miscellaneous trades that a general contractor 
may need to measure. Chapters 8 through 12 concern 
the pricing of the general contractor’s work, including 
the pricing of equipment involved in the work.

In Chapter 13 the pricing of subcontracted work 
is examined, and Chapter 14 concerns the pricing of 
general expenses or site overheads for a construction 
project. In Chapter 15, the process of closing a bid is 
explored in some detail and bid summaries for the two 
example estimates are discussed.
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Chapter 16 examines budget estimating in some 
detail. Chapter 17 focuses on a preliminary estimating 
technique that promises greater accuracy in estimates 
produced to meet the growing need for budget fore-
casts in connection with construction management and 
design-build contracts. Chapter 18 examines life-cycle 
costing; here we work through many examples to show 
how the entire cash flow of various design options can 
be costed out to determine which is the best choice to 
adopt for maximum cost efficiency for the owner.

Appendix A, a glossary of terms, consists of a collec-
tion of construction and estimating terms found in the 
text with explanations and definitions of these terms.

New to This Edition

A new section has been added to the fourth edition that 
explains how estimates are used to determine monthly 
payments on a construction project. This can be useful 
when explaining the broad role of estimating.

Basement excavations are explained in more detail. 
Many students find it difficult to account for excavation 
laybacks so examples have been added.

Explanations of how unit prices are obtained have been 
expanded to deal with source of information and how 
rates are calculated.

Detail has been added regarding the analysis of subcon-
tractor bids. Since subcontracting has become such a 
big part of construction, students have found that they 
need to spend more time to gain a full understanding of 
this subject.

The new text emphasizes the use of spreadsheets rather 
than using prorietory software such as MC2. Users of 
the text find that this approach makes it easier to learn 
the basics. With this basic knowledge students can bet-
ter go on to learn to use more advanced software. 

The advantages of using estimating software are dis-
cussed in the text, and a full estimate using MC2 ICE 
software is available as a suppliment.

Fundamentals of Construction Estimating touches 
upon many different topics, so we now include a partial 
bibliography to help students who wish to pursue more 
detailed study in these diverse subjects.

Supplements

The Instructor’s Companion Website provides the 
following:

�� An Instructor’s Guide containing solutions to all 
end-of-chapter review questions 

�� Chapter presentations in PowerPoint.

�� Cengage Testing, powered by Cognero®

MindTap for Fundamentals of Construction Estimat-
ing, 3rd Edition

�� MindTap for Fundamentals of Construction Esti-
mating provides a customized learning experience 
with relevant assignments that will help students 
learn and apply concepts, while it allows instruc-
tors to measure skills and outcomes with ease. 

�� MindTap for Fundamentals of Construction Esti-
mating meets the needs of today’s building trades 
classroom and student. Within the MindTap, fac-
ulty and students will find a variety of engaging 
activities, including PowerPoint presentations, 
online activities for building estimating skills and 
experience, and gradable assessments. 

About the Author

David J. Pratt is a construction cost consultant and 
quantity surveyor.  He has taught courses in construc-
tion estimating and cost management at SAIT Poly-
technic and is a lecturer in construction costing at the 
University of Calgary.  Mr. Pratt has been a long-time 
member of the Canadian Institute of Quantity Survey-
ors, and holds a degree in Quantity Surveying from 
Liverpool College of Building together with a degree in 
Economics from the University of Calgary.
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1

CHAPTER

1

Introduction

Objectives

After reading this chapter and completing the review questions, you should be able to do the following:

•	 List and briefly describe the different functions 
served by estimating in the construction 
industry.

•	 Briefly describe the cost-planning process, 
including the role of conceptual estimates and 
preliminary estimates.

•	 Describe the three main project delivery 
systems—traditional design-bid-build, 
construction management, and design-
build—and explain how conceptual, 
preliminary, and detailed estimates are used 
with each.

•	 Identify what type of estimating is required for 
lump-sum, unit-price, and cost-plus contracts.

•	 Outline the detailed estimating procedure.
•	 Recognize the need for knowledge 

of Occupational Safety and Health 
Administration safety standards and the 
impact that compliance with the standards has 
on construction costs. 

The goal of this book is to present a method of compiling 
consistently accurate construction cost estimates in a 
minimum of time. The method can easily be integrated 
with the latest technology available to obtain soaring 
productivity; it is a method of estimating that offers 
extensive review and control capabilities because it 
is consistent with the basic procedures followed by 
professional estimators and quantity surveyors in the 
construction industry.

The method presented is intended to represent a 
standard or basic core that can be adopted in the many 
types of construction estimating used across the wide 
variety of construction work. Worked examples and 
explanations that are offered, however, will come from 

small building projects of minimal complexity so that 
the reader can concentrate on the technique involved 
rather than spend time unraveling detail.

The book is intended primarily for the person 
who is beginning to learn the process of construction 
cost estimating. This person may be employed in a 
contractor’s office taking on estimating responsibilities 
for the first time, or he or she may be a student 
starting a course in estimating at college. The text will 
also be of interest to many supervisors, construction 
managers, and practicing estimators who, from time 
to time, may need to refer to an estimating standard 
or simply investigate how other estimators approach 
this subject.
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2	 CHAPTER 1    Introduction

What Is an Estimate?

An estimate in its essence is an assessment of the 
probable total cost of some future activity. We put 
together estimates all the time in our everyday lives, 
often with little or no calculating. For example, we 
might say, “If I drive into town today, it will cost $12 to 
park” or “I’m going to have to come up with more than 
$1,000 if I have to replace that computer.” Estimating 
also occurs in all industries and government agencies 
for two purposes that cover a variety of possibilities:

	 •	 To prepare budgets for future expenditures, or

	 •	 To try to anticipate what something will cost to 
implement: for example, setting up a new coffee 
station in the office 

Unlike the everyday situations, these two examples 
generally involve some analysis and calculation. To 
estimate the cost of the new coffee station, for instance, 
you would probably first identify what tasks have to 
be completed to get the new facility up and running. 
Second, you would try to measure in some way the size 
of these tasks, which would help you with the last step: 
assessing the cost of the tasks. This basic approach is 
exactly how we prepare an estimate for a construction 
project:

	 •	 Identify the work items that have to be completed 
to finish the project.

	 •	 Measure the size of these work items.

	 •	 Assess the likely cost of this work. 

The Role of Estimating in the 
Construction Industry

Estimates serve a number of different functions in the 
construction process (see Figure 1.1). In the early stages 
of a construction program, the owner needs an estimate 
of the probable cost of construction to assess the financial 
feasibility of the project. This conceptual estimate has to  
be prepared from a minimum amount of information 
because it is required at a time when the project is often 
little more than a vague idea in the mind of the owner. 
There will be few if any design details at this stage because 
the design process will not begin until the owner is satisfied 
that the cost of proceeding with it is justified.

Once the design of the project is under way, budget 
amounts can be established for the various elements of 
the project using procedures for a preliminary estimate. 
These cost budgets are compiled in a cost plan, which is 
a summary of all anticipated project expenditures. The 
budget amounts contained in the cost plan are verified 

from time to time during the design phase using more 
accurate estimating methods based on the specific design 
details that emerge in this phase of the project. This cost 
management process also includes estimating the cost 
of alternative designs so that informed decisions can be 
made on what to include in the design. When the design 
is completed, a final pre-bid estimate can be compiled 
to anticipate the contractor’s bid price for the work. If 
this estimate is accurate, the bid prices obtained will be 
within the owner’s budget for the project.

Most contracts that transpire in the construction 
industry result from competing bids from contractors to 
supply goods and services to meet certain specifications 
for a stipulated sum of money. The sum of money 
specified in such a bid represents the total amount that 
the contractor will receive for performing the work 
described in the contract; clearly, an accurate forecast 
of the cost of the work is necessary if the contractor 
is to profit from his or her endeavors and also be 
competitive. Providing this cost forecast is the prime 
function of the contractor’s bid estimate prepared from 
the drawings and specifications supplied by the owner 
to define the scope of the contract work.

Estimates are also required after work starts on the 
project. In cost control programs, estimating is required 
to help control the expenditure of funds on a project. 
Contractors set cost targets based on their estimates of 
the cost of each component of the work, and then they 
compare the actual cost of work against these target 
amounts to discover where corrective action is needed 
to bring productivity up to required levels. Often during 
construction operations the owner or the designer asks 
the contractor to quote prices for proposed changes in 
the scope of work. Each of these quotes amounts to a 
mini-bid that involves an estimate of the full cost of the 
change followed by an offer to make the change for the 
price quoted to the owner.

Also, during the course of construction, estimates 
are prepared to establish the value of work done on 
a project.  Most larger construction contracts allow 
the builder to be paid monthly, the amount being the 
value of work completed each month.  These estimates 
can involve a full takeoff and pricing of the work 
done (detailed estimate) but are more often based on 
a simple trade breakdown of the contract sum.  The 
percentage amount of work now in place for each trade 
on the breakdown is assessed, and the resulting values  
are summed up to establish the full payment.

In this chapter, we briefly discuss conceptual and 
preliminary estimates, a subject that will be considered 
in more depth in Chapters 16 to  18. Chapters 2 to 15 
focus on the bid estimate—the estimate that contractors 
compile to determine the total payment they are willing 
to accept for completing contract obligations.
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	 CHAPTER 1    Introduction	 3

Conceptual Estimates

Even though there may still be owners who proceed 
with a project on the basis of no more than the 
feeling that it will succeed, most of the people and 
organizations that decide to build come to this decision 
after careful analysis of two primary factors: the value 
of the development and the cost of the development.

The value of a proposed facility can be appraised 
from the profits that are expected to flow after its 
construction, or, if the concept of profits is not applicable 
to the venture, it can be based on an assessment of 
the benefits that are expected to materialize from the 
completion of the project. In either case an attempt 
will be made to quantify the utility of the proposed 
development in terms of a monetary value. As costs and 

Figure 1.1  �Role of the Estimator in the Traditional Construction Process 
(Delmar/Cengage Learning)

Detailed estimates prepared by contractors
and subcontractors to determine bid prices

Final pre-bid estimate to anticipate
the contractor’s bid amount

Estimate and FunctionProject Phases

Program Phase
Owner considers the feasibility of the 
proposed project

Conceptual estimates to predict
the final cost of the project

Schematic Phase
Architects/Engineers prepare preliminary
design of project

Cost control estimates to assess value of work 
completed and quotes for changes in the work.

Construction Phase
Construction work is executed

Final costs are compiled to provide data that 
is used as the basis of future estimates

Project Completion
All construction work is now complete

Contractor Selection Phase
Contractors compete for the job, and the 
successful contractor is awarded the
contract

Contract Documents Phase
Drawings and specifications are finalized;
these define the scope of work that forms
the basis of the contractor's bid

Further preliminary estimates to confirm 
the accuracy of the cost plan budgets 

Design Development Phase
The scope of work of the project is developed
and design details are established

Preliminary estimates to compile a
cost plan; this establishes a budget for 
each element of the project

benefits are usually extended over a number of years, 
monetary value will normally be determined by means 
of “present worth” analysis or other “time value of 
money” concepts.

Using this analysis, a feasible project can be defined 
as one in which the anticipated value of all benefits 
exceeds the estimated total cost of putting the project 
in place. The cost profile of any project embraces 
many constituents, including the cost of the land 
required, the cost of financing the project, the legal 
and general administrative costs, the cost of designing 
and administrating the work, and, of course, the 
construction cost of the work. Further costs may also 
need to be considered, such as commissioning costs, 
operating costs, and, possibly, marketing costs. All of 
these amounts must be determined by estimate.

99395_ch01_ptg01_001-013.indd   3

www.TechnicalBooksPDF.com



4	 CHAPTER 1    Introduction

Some costs are relatively easy to establish. The costs 
of land and financing, for instance, are not difficult to 
determine because current market prices and rates are 
normally accessible, but the amount of what is most 
often the major cost component, the construction cost, 
is far more difficult to ascertain with any certainty. We 
will see that the most accurate way to predetermine 
the cost of construction work is by means of a detailed 
estimate using the methods employed by contractors. 
However, a detailed estimate requires a defined scope of 
work, and as we have said, this is generally not available 
at this stage in the project program.

So, a conceptual estimate is normally produced 
from merely the notion the owner has of what he or she 
would like to see constructed. If the owner’s analysis has 
begun with the assessed value of a particular project, he 
or she should be in a position to say that this project 
is viable if it can be built for a certain price, where this 
price is the maximum amount the owner is willing to 
pay for obtaining the benefits that are anticipated 
from the project. In other words, owners would like 
to determine if their project can be built profitably. 
Alternatively, they may have a defined budget amount, 
in which case they may ask, “What can I build for this 
amount, and will it be profitable?”

In either case the owner needs an estimate of the 
cost of the work, which, at this stage, is referred to as 
the conceptual estimate. This estimate, because of the 
lack of design details, must be prepared using one of 
the approximate estimating techniques considered in 
the following section, but this is not to say that a crude 
approximation of costs will suffice. The feasibility 
decision, which may involve thousands, if not millions, 
of dollars, is of major importance to most owners, 
so the accuracy of the predicted costs used in the 
calculations is crucial if the decisions that follow are to 
be sound.

Preliminary Estimates and  
Cost Planning

As we have previously suggested, a decision to proceed 
with the venture signifies that the perceived benefits 
justify the project cost. The largest component of this 
cost is often the construction cost established by the  
conceptual estimate. This estimated sum becomes  
the construction budget, and, if the project is to remain 
feasible, it is clear that the actual construction cost must 
not exceed this budget. Cost planning and subsequent 
cost control are pursued with the objective of meeting 
the budget.

After the decision to continue the project has been 
made, the design team will form and begin to prepare a 

first schematic design of the work. This design consists 
of preliminary drawings and specifications that depict 
the general scope of the project, including the shape, 
size, and layout of the design but with little detail at  
this stage.

As the design develops, a number of preliminary 
estimates can be prepared informing the designers 
that their proposed design does or does not meet the 
project budget. The preliminary estimates can also 
assist the designers by providing cost information 
about alternative design details so that they can make 
more informed design decisions. By evaluating the 
benefits and costs of a proposed design improvement, 
the designers can determine if the improvements are 
justified.

To facilitate a more detailed evaluation of the 
benefits and costs of a project and its constituent parts, 
preliminary estimates can be subdivided into prices for 
groupings of building components that are common 
to most buildings. These groupings are referred to 
as assemblies or elements and include substructure, 
superstructure, exterior cladding, interior partitions and 
doors, vertical movement, and so on. The set of prices 
for these elements is referred to as the cost plan.

In the process of value analysis, the estimated cost 
of each element in the cost plan is compared with 
the perceived value of that element to consider if the 
sum allocated to that component part of the building 
is justified by the value provided by the component. 
At the time of the conceptual estimate, the estimator 
will have made numerous assumptions about these 
elements based on discussions with the owner and 
perception of the owner’s needs. For instance, the 
exterior cladding of the building may have been 
assumed to be concrete block masonry. During the 
design stage it might be suggested that the cladding 
be changed to brick masonry. Cost estimates of 
the alternatives and the relative benefits of the two 
systems will be evaluated to determine if the extra cost 
of the more expensive brick cladding is justified by the 
increased value of a brick masonry over a concrete 
block exterior. Then, if a decision to spend the extra 
amount on exterior cladding is made and the overall 
budget is still to be maintained, a saving in another 
element must be found to balance the additional cost 
of the cladding.

In this fashion the design and accompanying 
estimates proceed until the design is complete and we 
have a budget in place that reflects all the key design 
decisions. There are many possible reasons why this 
final budget may differ from that prepared at the 
conceptual stage, but if cost planning has been properly 
applied, each step in reaching this point will have been 
made in awareness of its cost implications, and when 
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contractor’s bids are received, there will be no surprises 
for the owner.

Preparing Construction Estimates

Methods of preparing estimates can be divided into two 
main categories:

	1.	 Preliminary estimating techniques

	2.	 Detailed estimating techniques 

The method adopted by the estimator mostly 
depends on what the estimate is to be used for and 
how much project information is available. Estimates 
prepared in the early stages of a project generally 
have to rely on preliminary methods because there 
is insufficient information to compile a detailed 
estimate. However, we shall see in Chapter 16 that 
certain techniques are available that can allow detailed 
estimates to be generated from very little information. 
Preliminary (shortcut) methods are also used to 
prepare estimates for cost management, not because 
there is a lack of information but rather because there 
is insufficient time available to use detailed estimating 
techniques.

There are three further factors that have a 
significant influence on how an estimator goes about 
preparing a construction estimate:

	1.	 The type of project to be built

	2.	 The delivery system used to move from the 
developer’s project idea to a finished structure

	3.	 The nature of the contract(s) used in the delivery 
system 

Figure 1.2 lists a number of different construction 
projects and identifies the estimating method that is 
usually adopted for each type of project.

Project Delivery Systems  
and Estimating

Different project delivery systems make use of 
different types of estimates—conceptual, preliminary, 
and detailed—at various stages in the development 
of the project, depending on how well the scope of 
work is defined at that particular stage. Although the 
traditional design-bid-build delivery system is still used 
extensively, the use of innovative alternatives continues 

Figure 1.2  �Types of Projects and Estimating Methods 
(Delmar/Cengage Learning)

Estimating MethodType of Project

Residential Projects
 Single-family homes
 Multifamily, condominiums

Detailed estimate with full quantity takeoff

Detailed estimate with full quantity takeoff

Commercial Projects
 Offices
 Retail

Industrial Projects
 Compressor stations
 Refineries

Can be a detailed estimate or a schedule-based
 estimate with some quantities

Institutional Projects
 Schools
 Colleges
 Hospitals

Civil Engineering Projects
 Roads and bridges
 Site development
 Sewer and water

Schedule-based estimate with preliminary quantities

Bill of materials plus subtrade quotes

Detailed estimate with full quantity takeoff
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6	 CHAPTER 1    Introduction

to grow. This shift has resulted in a greater reliance on 
preliminary estimating methods because contractors 
and construction managers are now being hired before 
project design has started, which means there is little or 
no information available to prepare a detailed estimate.

Traditional (Design-Bid-Build) Delivery

The traditional delivery system (see Figure 1.3) requires 
the project to be fully designed before work begins 
and then makes use of a single general contractor 
who assumes responsibility for constructing the entire 
project on the terms of a lump-sum contract with 
the owner. With this system, a series of estimates 
is used as outlined in Figure 1.1. The conceptual 
estimates and preliminary estimates that accompany 
the development of the design are meant to manage 
the cost of the project so that the bid price obtained 
when the design is complete is within the budget of the 
owner. These early estimates generally do not relate 
directly to any construction contracts, but they may 
be used as a basis for the fee charged by consultants 
involved in the design process. For instance, the 
conceptual estimate of a proposed development may 
indicate that the construction cost will be $5 million. 
The prime consultant could use this sum to calculate 
the fee of $300,000 quoted to the owner as the price 
to design the project. The design contract between  
the owner and the prime consultant could also refer to the  
$5 million estimate because the owner’s budget and 
the terms of the contract may require the consultant to 
design a project that meets this budget. From this you 
can appreciate the need for accuracy in the conceptual 
estimate that is developed from so little information.

 Construction Management Delivery

One alternative to the traditional system of project 
delivery is the use of a construction management 
organization. This form of organization (see Figure 1.4) 
seeks to facilitate overlap between project stages, often 
referred to as fast tracking, to allow earlier completion 
of the project. Fast tracking is achieved by dividing the 
project into a number of phases. This approach allows 
construction work to begin after the design and bid for 
only phase one are complete. Phase one may consist of 
nothing more than demolition and site preparation, which 
require very little time for design. While the work on this 
first phase proceeds, the design continues for phase two, 
which may be the building foundation system. Bids for 
this phase are then obtained so that a second contractor 
can be hired to start work on phase two as the first phase 
nears completion. The project continues in this fashion, 
phase after phase, until the entire project is in place.

With this organization structure, the construction 
manager assumes the responsibility for overall control 
and coordination of the construction work that was 
provided by the general contractor under the traditional 
organization. One of the main duties of the construction 
manager is cost control. This function is accomplished 
using conceptual and preliminary estimates to produce a 
cost plan as previously described. The cost plan, however, 
now has to be broken down into a number of subplans 
corresponding to the number of phases involved.

With the traditional organization, the general 
contractor’s bid will indicate, before work begins, the 
total money required for construction, but with the 
construction management approach, the owner will 
have to wait until the bid on the final phase of work 

Figure 1.3  �Traditional (Design-Bid-Build) Delivery System  
(Delmar/Cengage Learning)

Design
Contract

Owner/
Project Manager

Single
Construction
Contract (Firm Price)

Multiple
SubcontractsGeneral ContractorPrime Consultant

Subcontract

Subconsultants Subcontractor Subcontractor Subcontractor

Sequential Delivery

DESIGN BID CONSTRUCTION
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is received before the total price is known. With the 
traditional organization, if cost planning has not been 
effective and the contractor’s bid is unacceptable, there 
is an opportunity to make changes or even cancel  
the project before incurring construction expenses. 
These opportunities are not possible with a fast-tracked 
project because construction work will be well under 
way and much of it paid for by the time the bid for the 
final phase is received.

Because, on a fast-tracked project, the owner has 
to commit to the project long before the total price is 
certain, the owner has to make serious decisions about 
the continuing viability of the project based solely on 
the information provided by preliminary estimates. The 
need for accurate estimates on this type of project is 
paramount—estimates need to be continually reviewed 
and updated as phases are completed and the design 
proceeds on subsequent phases.

Consequently, to achieve any success with a 
fast-tracked project, the estimating abilities of the 
construction manager and his or her team have to meet 
the highest standard; if they do not, cost and schedule 
objectives will not be met.

Design-Build Delivery

Another alternative to traditional project delivery 
is the design-build concept (see Figure 1.5). In this 
approach, the owner deals with a single organization 

that assumes the responsibility for both the design and 
the construction of the project. Design-build is not a 
new approach to construction—it has been around in 
turnkey and package deal forms for many years—but in 
recent years there has been such a resurgence of interest 
in this format that design-build has become the delivery 
system of choice for many types of project, especially 
infrastructure projects often undertaken as public-
private partnership, or P3, initiatives.

Public-private partnerships are usually formed 
between a government agency such as a school board 
and a private organization that is often a conglomerate 
consisting of a financier, a builder, and perhaps a facility 
operator. The scope of the P3 arrangement is usually far 
wider than a design-build agreement, but the role and 
method of pursuing estimating are very similar in each 
case.

With the design-build method, the owner indicates 
that he or she requires a certain facility and usually 
outlines some parameters relating to location, size, 
design, and the desired time of occupancy. The owner 
may have prepared some preliminary design sketches, 
but, more often, design-build contractors competing 
for the work will each submit outlines of designs that 
they believe will satisfy the owner’s needs, together with 
a price for the project. On the face of it, this concept 
may resemble a general contractor’s firm-price bid, but, 
in fact, it is very different from the contractor’s bid 
associated with traditional project delivery.

Figure 1.4  �Construction Management Delivery System  
(Delmar/Cengage Learning)

Fast-Track Delivery

Design
Contract

Owner/
Project Manager

Contract for Services

Multiple
Construction
Contracts

Prime Consultant
Construction

Manager

Subcontract

Contractor 3Contractor 2Contractor 1

Subcontractor

Subconsultants

Subcontractor Subcontractor

DESIGN 1 BID 1 CONSTRUCTION 1

DESIGN 2 BID 2 CONSTRUCTION 2

DESIGN 3 BID 3 CONSTRUCTION 3
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Unlike a general contractor’s bid, which is obtained 
by means of a detailed estimate of a precisely defined 
scope of work, the price included in the design-build 
contractor’s proposal will have to come from a conceptual 
estimate. This estimate will be based on a design that, 
at this time, will probably consist of little more than a 
few rough sketches, some outline specifications, and, 
possibly, an architect’s three-dimensional model of the 
concept. Here again, the need for care and accuracy 
in this conceptual estimate is quite obvious when you 
consider that the design-build contractor is assuming the 
responsibility for both the design and the construction 
of a project for the price quoted.

Estimates for Different Types  
of Contracts

As mentioned, most general contractors and subtrades 
enter into lump-sum contracts on the terms that they 
will perform a defined scope of work for the sum that 
they stipulated when they submitted their bids. But 
there are a number of different types of contracts, other 
than lump-sum, that call for different types of estimates.

Cost-Plus Contracts

Cost-plus contracts are usually the owner’s choice of last 
resort because they can place the owner in a vulnerable 
financial position. Not only is the total cost of construction 
uncertain when the work begins, but also, under this type 

of contract, the owner may not be able to avoid paying 
for the contractor’s mistakes and inefficiencies

There are, however, a number of reasons why an 
owner may make this selection. A cost-plus contract 
may be used if it is imperative that the work get under 
way quickly or if the work is very difficult to define, 
such as extensive renovations to old buildings. In both 
situations the fact that work can begin without the need 
for detailed drawings can make a cost-plus contract a 
viable proposition. Also, if an owner has worked with a 
contractor in the past with good results, the owner may 
wish to avoid the time and expense of the bid process 
by awarding a cost-plus contract.

Because cost-plus contracts are followed by, rather 
than preceded by, the costing of the operations, there is 
little need for estimating with these types of contracts. 
However, under the terms of some cost-plus contracts, the 
contractor offers to perform the work for a guaranteed 
maximum price. In this case careful estimating is 
required to determine the maximum price offered by the 
contractor, but much of the estimate will be based on 
“allowances” because the lack of specific design details 
will prevent the establishment of firm prices.

Unit-Price Contracts

Unit-price, or measurement and payment, contracts are 
based on a pricing schedule that consists of a breakdown 
of the work and estimated quantities for each of the 
items on the breakdown as shown in Figure 1.6. This 
payment schedule, together with outline drawings, is 

Figure 1.5  �Design-Build Delivery System (Delmar/Cengage Learning)

Firm-Price Contract

Design-Build
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Figure 1.6  �Blank Schedule of Prices for a Unit-Price Contract  
(Delmar/Cengage Learning)

66 AVENUE UNDERPASS — SCHEDULE OF PRICES

	 			   UNIT 	 AMOUNT  
	 ITEM	 QUANTITY	 UNIT	 PRICE	 $

02100	 SITE CLEARANCE

02101	 Lump Sum	 1	 SUM	 —	 50,000.00

02200	 EXCAVATION

02201	 Common dry	 6100	 CY

02250	 BACKFILL

02251	 Common	 1500	 CY

02252	 Pit-run	 4100	 CY

03200	 REINFORCING STEEL	 195	 Tons

03000	 CONCRETE

03301	 CLASS “A”	 37	 CY

03302	 CLASS “B”	 1030	 CY

03303	 CLASS “D”	 17	 CY

03304	 Slope protection	 250	 CY

03305	 Wearing surface	 27	 CY

03601	 Non-shrink grout	 1	 CY

03400	 PRECAST STRINGERS	 26	 No.

05010	 GUARDRAIL	 60	 LF

05800	 EXPANSION JOINTS	 67	 LF

99000	 CONTINGENCY				  

99100	 Lump Sum	 1	 SUM	 —	 75,000.00

	 SUB TOTAL

	 10% Allowance for extra work

	 BID TOTAL

99395_ch01_ptg01_001-013.indd   9

www.TechnicalBooksPDF.com



10	 CHAPTER 1    Introduction

66 AVENUE UNDERPASS — SCHEDULE OF PRICES

	 			   UNIT 	 AMOUNT  
	 ITEM	 QUANTITY	 UNIT	 PRICE	 $

02100	 SITE CLEARANCE

02101	 Lump Sum	 1	 SUM	 —	 50,000.00

02200	 EXCAVATION

02201	 Common dry	 6100	 CY	 $     15.00	 91,500.00

02250	 BACKFILL

02251	 Common	 1500	 CY	 $     33.50	 50,250.00

02252	 Pit-run	 4100	 CY	 $     51.00	 209,100.00

03200	 REINFORCING STEEL	 195	 Tons	 $1,925.00	 375,375.00

03000	 CONCRETE

03301	 CLASS “A”	 37	 CY	 $   296.50	 10,970.50

03302	 CLASS “B”	 1030	 CY	 $   347.00	 357,410.00

03303	 CLASS “D”	 17	 CY	 $2,467.50	 41,947.50

03304	 Slope protection	 250	 CY	 $   675.00	 168,750.00

03305	 Wearing surface	 27 	 CY	 $   408.00	 11,016.00

03601	 Non-shrink grout	 1	 CY	 $7,680.00	 7,680.00

03400	 PRECAST STRINGERS	 26	 No.	 $9,948.00	 258,648.00

05010	 GUARDRAIL	 60	 LF	 $     19.57	 1,174.20

05800	 EXPANSION JOINTS	 67	 LF	 $   262.50	 17,587.50

99000	 CONTINGENCY	 1	 SUM	 —	 75,000.00

	 SUB TOTAL	 $1,726,408.70

	 10% Allowance for extra work	 $   172,640.87

	 BID TOTAL	 $1,899,049.57

Figure 1.7  �Priced Schedule of Prices for a Unit-Price Contract  
(Delmar/Cengage Learning)
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provided by the designers for the use of prospective 
contractors in preparing their bids.

The bidding contractor enters a unit price against 
each of the items, and the total bid is determined from 
the aggregate of these prices multiplied by the estimated 
quantity of each item (see Figure 1.7).

The contract subsequently awarded to the 
successful bidder provides that this contractor is paid 
for the actual quantity of each work item executed, 
multiplied by the bid unit price for that item. This 
approach enables the owner to obtain competitive prices 
and exert some control over the total amount paid for a 
project in which the final quantity of work is difficult to 
predetermine. Examples of where this type of contract 
is used include civil engineering works, especially those 
that contain much underground construction in which 
the nature of the ground encountered is not accurately 
discernible before the work begins.

The contractor’s estimating procedure for unit-
price contracts is similar to the detailed method used 
for lump-sum contracts, but the bid price must be 
dissected into unit prices, each of which has to include 
an overhead and profit component.

See Chapter 15 for the spreadsheet estimating 
procedure for unit-price contracts.

Detailed Estimates

The process of detailed estimating is the subject matter 
of the major portion of this book, but before we begin 
to examine all the particular aspects of this topic, it may 
be useful to consider what the essence of this subject is. 
Whether prepared by hand, by computer spreadsheet, 
or by means of a totally computerized system, a detailed 
estimate can be analyzed in terms of the six principal 
stages of the process:

Stage 1. � Quantity Takeoff—The work to be performed 
by the contractor is measured in accordance 
with standard rules of measurement.

Stage 2. � Recap Quantities—The quantities of work 
taken off are sorted and listed to comply with 
the CSI MasterFormat or other standard to 
facilitate the process of pricing.

Stage 3. � Pricing the Recap—Prices for the required 
labor, equipment, and materials are entered 
against the quantities to determine the 
estimated cost of the contractor’s work.

Stage 4. � Pricing Subcontractor’s Work—Prices are 
obtained from competing subtrades who 
quote to perform the work of their trade; 

then, usually, the lowest bid from each trade is 
entered into the estimate.

Stage 5.   �Pricing General Expenses—The costs of the 
anticipated project overheads are calculated 
and added to the estimate.

Stage 6.   �Summary and Bid—All the estimated prices 
are summarized, the contractor’s markup 
is added, and the tender documents are 
completed. The bid can then be submitted 
and, finally, the bid results recorded and 
analyzed. 

The detailed estimating method, rather than any of 
the other estimating methods considered, is far more 
likely to produce a price that is an accurate forecast 
of the actual costs of building a construction project. 
Because the very survival of contractors and subtrades 
who obtain work by offering firm price bids often 
rests on the accuracy of their estimating, it will come 
as no surprise that detailed estimating is the method 
of choice for bid preparation in the highly competitive 
construction industry.

The basis of a detailed estimate is the accurate 
assessment of the work in the form of a quantity 
takeoff that can only be obtained from the full design 
of the project. Because of this requirement and also 
because detailed estimating is such a time-consuming 
process, preliminary estimates are usually prepared by 
the other quicker but less accurate methods previously 
considered. However, on lump-sum contracts in which 
cost analysts wish to accurately anticipate the value of 
bids to avoid surprises to the owner, they will prepare a 
detailed estimate in the same fashion as bidders, using 
the design drawings before they are made available to 
bidding contractors.

Estimating and Construction Safety

The Occupational Safety and Health Administration 
(OSHA) safety standards are the law, and contractors 
who fail to comply with the requirements of this 
legislation face possible fines or even imprisonment. 
Most contractors take this law very seriously, so the 
estimator has to ensure that the estimate is based on 
methods and materials that comply with its provisions 
and that the pricing of estimates reflects these 
requirements. However, safety in the construction 
industry is not just compliance with OSHA.

There is a growing awareness among construction 
companies of the cost of poor safety on the work site. 
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Summary

�� The intention of this book is to present a standard 
method of estimating that can be adopted for use 
with many different types of construction projects.

�� Estimating serves a number of purposes in the con-
struction process, including preparation of bids and 
cost control.

�� The role of the estimator includes preparing con-
ceptual estimates, preliminary estimates, and pre-
bid and post-bid estimates over the course of all 
phases of a construction project.

�� Conceptual estimates are used to assess the feasibil-
ity of a project by comparing the anticipated cost 
with the value of a proposed project.

�� Preliminary estimates are used throughout the 
design stage of a project, primarily to ensure that 
the project budget is not exceeded.

�� Different project delivery systems—traditional 
design-bid-build, construction management, and 
design-build—make use of conceptual, preliminary, 
and detailed estimates at various stages during the 
course of a project.

�� Although firm-price lump-sum contracts are used on 
most construction projects, owners may adopt a cost-
plus alternative when the scope of work is difficult to 
define or when there is insufficient time to prepare 
complete design documents before work begins.

�� Detailed estimates may still be required with a cost-
plus contract in which a guaranteed maximum 
price is involved.

�� Unit-price contracts call for a breakdown of the 
work and a separate unit price for each item on 
the breakdown. This requires the estimator to pre-
pare a series of unit prices, each of which has to 
account for the labor, materials, and equipment 
involved and needs to include overhead and profit 
components.

�� A detailed estimate is the most accurate forecast of 
construction costs but can only be prepared given a 
defined scope of work in the form of detailed draw-
ings and specifications.

�� A detailed estimate comprises six steps:

1.	 Takeoff quantities

2.	 Recap quantities

3.	 Recap pricing

4.	 Subcontractors’ work pricing

5.	 General expenses pricing

6.	 Estimate summary 

�� The estimator should be aware of Occupational 
Safety and Health Administration safety require-
ments and account for the cost of safety programs 
in construction estimates. 

Apart from the direct cost of construction accidents, 
which is reflected in higher worker’s compensation 
insurance and property insurance premiums, there is a 
large number of what are often hidden costs, including 
the following:

	1.	 Tool and equipment repair and maintenance costs

	2.	 Production interruptions and delay costs

	3.	 Legal expenses

	4.	 Expenditure on emergency supplies and equipment

	5.	 Replacement equipment rentals

	6.	 Investigative and administrative expenses

	7.	 Cost of hiring and training replacement personnel

	8.	 Overtime payments and other costs incurred in  
trying to catch up

	9.	 Decreased output of injured workers on return

10.	 Damage to company reputation and subsequent 
loss of business 

Because these costs can be substantial and may 
have a significant impact on the competitiveness of an 
organization, many construction companies have been 
encouraged to introduce vigorous safety programs at their 
job sites. Such project safety programs do, admittedly, 
have a cost, which is accounted for in the general expenses 
section of an estimate. (See Chapter 14 for a discussion of 
general expenses.) However, with a successful company-
wide safety program in place, estimators are able to use 
far more competitive prices in the estimates they prepare, 
which not only improves the bid success rate but also 
helps to achieve the financial success of the project and, 
consequently, the improved profitability of the company.
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 Review Questions

	 1.	What is a construction cost estimate?

	 2.	List and describe the three main functions of  
estimates in the construction industry.

	 3.	Which two factors are assessed to determine if a 
project is feasible?

	 4.	What is a conceptual estimate?

	 5.	Why are preliminary estimates prepared?

	 6.	 If the construction cost of a bungalow of size 34’6" 
(10.5 m) 3 40'9" (12.4 m) was $120,790.00, what 
is the cost per square foot (square meter)?

	 7.	 If the average height of the building described in 
question 6 is 12'4" (3.8 m) to the roof surface, what 
is the cost per unit volume?

	 8.	Based on your analysis in question 6, what would 
be the estimated price of a similar bungalow of this 
size: 30'0" (9.1 m) 3 45'0" (13.7 m)?

	 9.	List and describe the six elements of a detailed estimate.

	10.	What are the hidden costs of poor construction safety?

	11.	What effect does the introduction of construction 
company safety programs have on the process of 
estimating?  
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 CHAPTER 

2

THE BID PROCESS AND  
PRELIMINARY PROCEDURES

 OBJECTIVES

After reading this chapter and completing the review questions, you should be able to do the following:

•	 Compile the goals and objectives of a 
contractor’s estimating department.

•	 Identify the sources of information about 
projects out for bid.

•	 Distinguish open bidding from closed 
bidding.

•	 Describe the process of prequalifying bidders 
and explain why it is done.

•	 Describe contractors’ marketing strategies 
and explain why these strategies are pursued.

•	 List and explain the factors considered when 
a contractor is deciding whether or not to 
submit a bid on a project.

•	 Explain what is involved in the preliminary 
review of bid documents and the use of a 
query list.

•	 Describe the purpose of the estimator’s 
site visit and list the items that should be 
considered on a local project and on a remote 
project.  

The Bid Estimate

In this chapter we will consider the activities and pro-
cedures that are undertaken in a construction company 
to facilitate the preparation of a cost estimate for a bid. 
Developing an estimate requires the estimator to inter-
act with a large number of people and a mass of data 
that can be overwhelming if the process is not conducted 
in an orderly fashion. Lack of a systematic approach 
to estimating not only is inefficient, but also may cause 
the estimator to lose control of the process, which, ulti-
mately, can lead to a mountain of paper or computer 
material that is completely incomprehensible. Whether 
a single estimator or a whole team of estimators, the 
estimating department will be able to produce estimates 
more efficiently by following well-organized estimating 

procedures. Estimates will also be more accurate and the 
department resources will be employed more effectively.

To develop a well-organized systematic approach 
to estimating, one should first clearly understand the 
objectives of the estimating function in the construction 
company. These objectives may include the following:

	1.	 Preparing construction cost estimates that will 
enable the contractor to obtain profitable work by 
the competitive bidding process

	2.	 Maximizing the accuracy of the estimating process 
by including procedures for checking and verifying 
the precision of the work

	 3.	 Maximizing the productivity of the estimating 
department in terms of generating the highest volume 
of estimating product with the resources available
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	4.	 Using the estimating department in an effective 
manner that commits these resources to projects 
with the most likelihood of success

  5.	 Fostering a company-wide cooperative approach 
to estimating and bidding that, in recognition 
of the value of good estimating, commits all 
company personnel to improving the quality of 
estimating 

Steps in the Estimating Process

The contractor’s process of preparing a detailed 
estimate is depicted in the form of a flow chart as shown 
in Figure 2.1. It will be noted that some of the steps 
involved must follow the completion of other activities 
(prerequisites), while other steps can be completed 
concurrently. The logic of this network must be carefully 
considered, especially with estimates of larger projects, 
when planning the schedule of estimating activities to 
be completed by the estimating team.

The key decision to bid or not to bid on the project 
is positioned on the flow chart immediately after bid 
information is obtained. However, the decision made at 
this stage is not final. A “no” decision may be reversed 
if the project suddenly looks more attractive and there 
is still time for estimating. A “yes” decision is often 
reviewed, perhaps several times during the course of 
the estimating process, as more information is gathered; 
nevertheless, if the decision reverts to “no,” terminating 
early is clearly preferred to reduce the waste of 
estimating resources.

Projects Out for Bid

A crucial factor in the success of an estimating 
department and, indeed, in the success of a construction 
company is its ability to obtain information about 
projects that are out for bid or projects that are going 
to be out for bid in the near future. This intelligence-
gathering task is typically pursued by senior estimators 
and also by other company management personnel as 
part of the construction company’s marketing effort, 
discussed in following text.

Sources of Bid Information

The primary sources of information regarding bid calls 
for public works and for projects in the private sector 
include the following:

Public Bids
	 •	 Advertisements in newspapers and trade journals

	 •	 Web pages of government agencies

	 •	 Government notices such as the Pre-Solicitation 
Notice (Construction Contract)

	 •	 Construction associations and plan service centers

	 •	 Construction news services (McGraw-Hill, 
Southam, etc.)

	 •	 Bid information services that are now often Web-
based, such as BIDS Inc. and Canada’s MERX 
System 

Private Bids
	 •	 Invitations from owners or consultants

	 •	 Business contacts

	 •	 Business news items

	 •	 Architectural and engineering consultants

	 •	 Construction news services (McGraw-Hill, 
Southam, etc.)

	 •	 Construction associations and plan service centers

	 •	 Bid information services 

Open Bidding

Public authorities are required to comply with 
regulations that control the award of construction 
contracts. This requirement usually means that they 
have to use an open-bid system, that is, one that allows 
any and all qualified contractors to submit bids and be 
considered for the award of the work. Because open 
bidding involves publicly advertised bid calls, these are 
the major source of information about public projects 
that are out for bid. Figure 2.2 is a facsimile of the 
type of bid advertisement commonly posted for public 
projects.

Agencies of the U.S. government use a standard 
form called the “Pre-Solicitation Notice (Construction 
Contract)” to provide bid information. These notices 
are displayed in public places and distributed to 
contractors who have indicated an interest in bidding 
on government construction work in the area. Notices 
are also sent to local construction associations.

Both state and federal government agencies have 
now embraced the use of the Internet to publish bid 
notices so contractors are able to use the Web to find 
information about government work and upcoming 
bids. Private organizations have emerged on the Web 
that collect bid information from a wide range of 
sources and then offer this information to subscribers 
who are looking for projects of a particular type in a 
certain geographical area. One such organization is 
Business Information & Development Services Inc. 
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(BIDS Inc.), which provides leads on government 
projects out to bid and also helps small contractors 
market their services to government. In Canada, 
MERX connects suppliers to purchasers in the 

federal, provincial, and MASH (municipal, academic, 
school, and hospital) sectors, providing contractors 
with information about projects and bid calls in these 
sectors.

Figure 2.1  The Estimating Process (Delmar/Cengage Learning)
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Construction Associations

Construction groups in major cities have formed 
associations or plan service centers where both public 
and private bodies may deposit plans and specifications 
of projects calling for bids. At these centers, contractors, 
and particularly subcontractors, can view the documents, 
and facilities can be provided for estimators to work on 
their takeoffs. Use of the facilities is usually restricted 
to members of the contractor’s association. These 
associations often publish weekly bulletins to inform 
members about forthcoming bid calls and about bid 
documents that are available in their plan service center.

Closed Bidding

Private owners, not being as restricted as public 
bodies, often directly invite contractors to bid on their 
construction projects. This is known as a closed-bid 
system, and the number of companies invited to bid is 
typically limited to no more than six contractors who 
are known to the owner or designers and who meet 
the qualification criteria set by the owner. Thus, bids 
may be solicited only from contractors with whom the 
owner has previously worked, or contractors who have 
a proven ability and track record on the type of project 
to be built. Adopting a closed-bid system also avoids the 

Figure 2.2  Bid Advertisement (Delmar/Cengage Learning)

ADVERTISEMENT FOR BIDS

NYHC
1111 1st. AVENUE

NEW YORK
NY 22222

Standard Senior Citizens Apartment—40 Units 
Project Number: HC789-1011

Sealed BIDS for the construction of the Standard Senior Citizens 
Apartment will be received until 2:00 p.m., January 18, 2018, in the main 
boardroom at the offices of NYHC.

This Federally funded project will consist of the construction of a two- 
story wood framed building. Bidding documents may be viewed at the 
above offices and obtained from Architects C. David and Associates.

There will be a MANDATORY pre-bid conference at the above offices on 
January 4th at 3:30 p.m. 

Bids must be enclosed in sealed envelopes bearing the name and 
address of the bidder and designating the name of the project on the 
outside, addressed to NYHC. Bids must be accompanied by a Certified 
Check, Cashier’s Check, or Bid Bond, in the amount of ten (10%) percent 
of the bid amount furnished by a Surety Company authorized to do busi-
ness in the State of New York.

Bids for this project must also be accompanied by: 
Non-Collusion Affidavit and 
An Agreement of Surety (Consent of Surety) in which the surety company 
agrees to post a Performance Bond and a Labor and Materials Payment 
Bond if the contract is awarded to its principals.

Bidders are required to comply with the requirements of the State of New 
York relating to affirmative action requirements.

The successful bidder shall also be required to comply with the U.S. 
Federal Davis Bacon Wage Rates.

NYHC reserves the right to reject any and all bids and waive  
immaterial informalities that will enable HYHC to more effectively  
procure performance of the work contemplated by the plans and  
specifications.
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18	 CHAPTER 2    THE BID PROCESS AND PRELIMINARY PROCEDURES 

main problem of open bids: the large number of bids 
received, many of which are from contractors lacking 
the financial or technical capacity to successfully 
complete the project.

Prequalified Bids

Another method of addressing the problem of bids 
from contractors of questionable capability is to call for 
bids from prequalified contractors only. To prequalify, 
contractors are required to complete questionnaires that 
probe such things as the contractor’s financial situation, 
the experience of the company and its key personnel, and 
the type and quality of company-owned construction 
equipment available for use on the project. From this 
information the owner and consultants try to judge the 
ability of the prospective bidder. The prequalification 
documents are usually required to be submitted by a 
date some time before the bid is to be received.

In some cases the owner requests a “qualification 
statement” to accompany all bids. Contractors complete 
these documents with reluctance when they include 
questions that call for disclosure of what the contractor 
considers to be confidential information. Some 
contractors are willing to risk having their bids rejected 
for being incomplete rather than complying with bid 
requirements for onerous “qualification statements.”

Construction News Services

Construction news services—McGraw-Hill’s Dodge 
Reports and Southam Building Reports being prominent 
examples—offer bid-reporting services that convey the 
status of construction projects from the feasibility stage 
to the completion of the project. Early knowledge of 
bids that are coming up can improve the effectiveness 
of planning in the estimating department. A contractor 
who is aware that a project is presently in the design 
stage can arrange the estimating schedule to ensure that 
a bid is prepared on this project if it looks attractive.

Marketing

Because private owners and their consultants do 
contact contractors directly for bids, some construction 
companies recognize a need for a marketing strategy to 
ensure that they are, at least, on bid lists. Many private 
projects are undertaken, if not under a veil of secrecy, 
then with very little publicity, so that the uninformed 
contractor first learns of the project when the site is 
fenced in and the equipment of one of his or her rivals 
moves onto the site. The key to avoiding this situation 
is the development of an information-gathering system 
as part of the contractor’s marketing effort. Aided by a 

network of business contacts and constant monitoring 
of the business activities of corporations that are most 
in need of construction services, some contractors 
aggressively pursue a marketing policy that goes beyond 
merely obtaining a place on bid lists.

Such a marketing policy is often pursued by 
contractors who offer construction management 
services. Many of these companies assert that their 
services will be of most benefit to the owner if they are 
incorporated into the construction program at an early 
stage. Accordingly, the marketing departments of these 
contractors are continually promoting the expertise of 
their companies and their services to prospective clients 
at the stage when projects are, ideally, no more than 
vague possibilities in the client’s mind.

Even if construction management services are not 
offered by a contractor, a good marketing program 
can persuade an owner of the advantages of employing 
this contractor to the extent that the owner may forgo 
the bid process and negotiate a deal directly with the 
contractor for the construction of the project. Some 
construction corporations recognize the advantages of 
this strategy to the extent that they now obtain most of 
their work by negotiation rather than expose themselves 
to the crushing competition for bid work.

The Decision to Bid

When the economy is weak, the bid decision becomes 
easy for contractors who obtain their work by 
competitive bidding; they submit bids on every project 
that comes up in their area and even consider bidding 
on projects located outside of their usual area of 
operations. It is not difficult to find reasons for adopting 
these tactics because, in recessionary periods, there will 
be fewer projects to keep the contractor’s equipment 
and crews fully employed, and, at the same time, there 
will be only a small number of projects out for bid.

When construction work is more abundant, some 
contractors still attempt to submit bids on all the 
projects that are out for bid. This strategy places a strain 
on the company’s estimating department as it tries to 
expand the number of estimates produced per month 
while staff shortages in these boom times prevent an 
expansion of the department’s human resources. This 
condition can lead to calamity as the estimating process 
becomes rushed and prone to error.

Faced with limited resources in the estimating 
department, the decision to enter a bid on a project 
becomes more complex. Undoubtedly, estimating 
resources will be used more effectively if bids are 
submitted on selected projects only. The valuable 
time of the estimator will be wasted preparing a bid 
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if there is little chance of obtaining a contract from 
that bid. By analyzing the company’s bidding record, a 
contractor can identify the type and size of project that 
offer the highest probability of successfully securing a 
contract. Even when confronted with a project of the 
type and size preferred, there can be many reasons for 
the contractor to decide to avoid submitting a bid this 
time.

Factors to Consider in the Bid Decision

	 •	 Type of Project—Most contractors develop a pref-
erence for certain types of work with which they 
have been successful and believe they can repeat 
their success.

	 •	 Size and (Rough) Estimate of Contract Value—
Contractors often also have a preference for a spe-
cific size of project. This may be in terms of physical 
size (for example, volume of concrete involved), or 
it may be size in terms of the dollar value of the 
project.

	 •	 Location of the Project—One contractor may 
choose to restrict operations to an area near 
his or her home city, while another contractor 
may specialize in remote jobs involving camp 
accommodation.

	 •	 Quality of Drawings and Specifications—Many con-
tractors consider poor-quality drawings and speci-
fications an indication that the work of the project 
is going to be subject to costly disruptions, as many 
design problems will have to be sorted out as the 
work proceeds. While many contractors view this as 
an unfavorable aspect of a project, some contractors 
view it as an opportunity to make a larger profit by 
charging high prices for the changes that will inevita-
bly be made.

	 •	 Reputation of Owners and Designers—Suffice it to 
say that contractors find some owners and some 
designers easier to work with than others.

	 •	 Specialized Work—A project may call for special 
expertise or specialized equipment that a contractor 
may find difficult to assemble if the contractor does 
not already have what is required.

	 •	 Anticipated Construction Problems—Many con-
tractors will shy away from a project that they can 
see will expose them to difficult problems, but there 
are always some contractors who see an opportu-
nity in such situations. These bidders may offer a 
high price, but they frequently encounter very little 
competition for the work.

	 •	 Safety Considerations—If a contractor perceives 
that a project will involve a higher safety risk than 

usual, the contractor may wish to avoid the job. 
This is especially true if the contractor has experi-
enced safety problems and is concerned about the 
company’s safety record.

	 •	 Need for the Work—We have discussed the effect 
of economic conditions on the contractor’s need for 
work, but at any time a contractor may have a super-
visor or a crew that is going to be freed up, so there 
will be a need for a new project.

	 •	 Bonding Capacity—If bonds are required for the 
project, a major concern of the contractor is the 
question of whether or not the company’s bond-
ing capacity is sufficient to cover the bid price. 
Bonding companies place a limit on the value of 
the contractor’s work they will bond. This limit is 
mainly a function of the financial position of the 
contractor. Bonding companies generally will not 
provide bonding when the value of the project 
added to the value of the contractor’s work out-
standing exceeds the limit they have set for this 
contractor. 

These are some of the items that may be considered 
in the bid decision; concern about any one of them can 
cause the contractor to think twice before preparing a 
bid for a project. Note that, should the contractor decide 
to proceed with a bid on the project in question, all of the 
preceding factors will be reevaluated when the amount 
to be added to the estimate for profit is considered—see 
Chapter 15 for a discussion of the project fee.

Scheduling the Estimating Process

Given limited time and other resources, as well as the 
goal of producing the required number of high-quality 
estimates, the contractor may benefit from the use of 
some project management techniques in the organi-
zation of the estimating department. With clear goals 
and priorities in mind, the chief estimator sets about 
planning and scheduling the work of the department 
to attain its objectives. An effective way to plan esti-
mating operations is to use a simple bar chart form of 
time schedule. Figure 2.3 illustrates the use of a bar 
chart produced on a computer spreadsheet for sched-
uling the work of an estimating department. Nor-
mally one estimator is assigned to each project as it 
comes out for bid. Time for estimating varies with the 
amount and complexity of the work, but, on average, 
an estimator spends two to three weeks on an estimate. 
Larger projects may call for the combined effort of a 
team of estimators, and sometimes with small projects 
an estimator may work on two or more estimates at 
the same time.
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Bid Record and Bid Documents

Once the decision to bid on a project has been made, 
a record of the bid begins. Some contractors in the 
past have maintained a bound Bid Record document, 
but now it is more common to record this information 
on a computer file with all the requirements preset so 
that the estimator merely types in each item of data 
in the correct place. Figure 2.4 represents the kind of 
preset items and responses that might be found on a 
computerized bid report. The collection of these bid 
report files that the contractor builds up over time 
forms a database that can be analyzed in a number of 
ways to obtain historic bid information. For instance, 
bid data can be deciphered to determine the type and 
size of project the contractor is most successful with 
in bids, as discussed previously.

Obtaining Bid Documents

On most projects, general contractors obtain 
documents electronically from either the owner 
or the prime consultant on the project. While some 
estimators are happy to work from electronic 
documents, many prefer to use hard copies in which 
case two complete sets of documents are usually 
printed for use in estimating a project. One set 
becomes the “estimate documents” that are used 
by the estimator to calculate takeoff quantities and 
are the source of all the information required to 
develop the bid price. The other set of documents 
is made available to subcontractors to enable them 
to do takeoffs and prepare estimates for their own 
particular trades. 

Review Bid Documents

After bid documents have been listed on the bid report 
(see Figure 2.4), the documents are reviewed beginning 
with the instructions to bidders to obtain the informa-
tion necessary to complete the rest of the bid report 
and also to highlight the data the estimator will need 
to refer to later in the estimating process. Anything 
unusual found in the specifications or on the draw-
ings should also be highlighted in this review process. 
Items that are easy to miss are particularly searched 
out so that, in a later review that occurs when the esti-
mate nears completion, the estimator can check off 
these items to confirm that they have been dealt with 
in the estimate.

Ideally every one of the bid documents should be 
fully examined in this review process; however, chiefly 
because of the large number of documents in most bid 
packages, some selection is unavoidable. The general 
contractor’s estimator, therefore, will concentrate 
the review on the parts of the specifications that deal 
with the work of the general contractor; this is usually 
restricted to the earth work, concrete work, and 
carpentry trades. The “front end” of the specifications 
should also be carefully considered, particularly the 
clauses dealing with the contract that might impact 
the cost of the work or payment for the work done. If 
the contract designates a 60-day payment period, for 
instance, extra financing charges may need to be added 
in the estimate.

After the specifications have been reviewed, the 
estimator should turn to the drawings. Carefully 
studying the drawings and making detailed notes on 
what is observed help the estimator become familiar 
with the design and enable him or her to plan the 

Figure 2.3  Project Estimator’s Schedule (Delmar/Cengage Learning)

Weeks:  14  15  16  17  18  19  20  21  22  23  24
JOB # PROJECT April May June

Date: 1 8 15 22 29 6 13 20 27 3 10
  Estimator

18101 Office Bldg.
Vancouver

G.S. &
B.M.

26-Apr

18102 High School
Tacoma

S.M. 01-May

18103 Strip Mall
Portland

G.S. 15-May

18104 Sports Arena
Seattle

B.M. 05-Jun
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takeoff procedure to take account of the particular 
nature of the project being estimated. The review 
of drawings can also allow estimators to recognize 
possible problems at an early stage, which provides 
them time to obtain any information necessary 
to complete the subsequent est imating tasks. 
For instance, the need for specialized scaffolding 
information may be apparent from reading the 

drawings; or there may appear to be a requirement for 
details about a new product shown on the drawings; 
or it may be evident that a special dewatering system 
will have to be used, which will involve consulting a 
specialist. All of these requirements can be dealt with 
more effectively if they are identified early in the 
estimating process and the last-minute rush to check 
them off is avoided.

Figure 2.4  Example of a Bid Report (Delmar/Cengage Learning)

BID REPORT

09-Feb-018:etaDJones.R:rotamitsE

Seattle:noitacoLCA6105:rebmuNboJ

Project Name: XYZ High School Addition

Description: 3-Storey Steel frame structure on conc. Spread 
 footings - Brick Facings - Flat roof - Landscaping
 and paving included. 

Owner: XYZ School Board

Consultant: A.B. Cee

Contact: Joe

Phone No. 412 901 2345 Fax No. 412 901 6789

Bid Documents: Specs + Arch Dwgs A01 - A52; Struct Dwgs S01-S25; 
                               Mech Dwgs M01 - M13; Elect Dwgs E01 - E09

Addenda: Add#1 issued 8th. Feb.

Closing Time/Date: 2:00pm - February 24, 2018

Closing Location: School Board Office 99 - 2nd. Street

Room 209

Gross Floor Area: 22,500 S.F.

Prelim. Estimate: $4,950,000

Owner’s Budget: $5,000,000

Taxes Included: Yes

Bid Bond: Yes Percent: 10

Consent of Surety: Yes

Performance Bond: Yes Percent: 50

Labor & Materials Bond: Yes Percent: 50

Award Period: 30 days

Start date: Approx. April 1, 2018

Completion Date: Not specified

Notes: Include cash allowances:
                $75,000 for finish hardware
                $12,500 for signage

Notes:
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The Query List

During the review and the quantity takeoff process 
that follows it, the estimator will uncover details that 
require clarification usually by the design consultants. 
The estimator may be tempted to contact the designer 
each time this happens, but doing so, on most bids, will 
lead to a great number of inquiries. A better method 
of handling this problem is to compile a list of all the 
questions that arise, the query list, and then later send a 
single e-mail to the prime consultant to deal with all the 
items that have accumulated. Often an item on the list 
will be clarified when the documents are read further, 
so that the designer’s assistance will not be required. 
And, while designers encourage contractors to ask 
questions during the bid period, they also wish to avoid 
a continuous stream of disruptions from contractors. To 
avoid these disruptions, design consultants often require 
that all inquiries be directed to a certain person and 
also indicate that these questions will be dealt with in a 
public setting at a pre-bid meeting or series of meetings.

Minor questions will usually be dealt with 
orally at the pre-bid meetings, but significant details 
will be incorporated into written directives that are 
distributed to all bidders. These directives, commonly 
known as addenda or bid bulletins, become part 
of the bid documentation and will be included in 
the contract that the owner will establish with the 
successful bidder.

The Team Approach
The nature of the estimating process means that the 
estimator usually works alone on quantity takeoffs and 
cost estimates, but contractors agree that the quality 
of an estimate improves when the input of managers 
and experienced field personnel also is included in its 
preparation. The estimator should be encouraged to 
seek the assistance of these other company members as 
much as possible when problems and decisions need to 
be dealt with in the estimating process. Management 
and field supervisors, together with the estimating staff, 
should see the estimating function as a team effort to 
achieve accurate high-quality estimates.

Most companies hold an estimate review usually 
a day or two before the bid is due to be submitted. 
This meeting normally brings together the estimator, 
the chief estimator, one or two senior company 
managers, and, if possible, the person who is likely 
to be the superintendent of the project. The purpose 
of the meeting is to review the estimator’s work in 
terms of the prices used and any underlying decisions 
or assumptions made in preparing the estimate. The 

estimator who has prepared the takeoff should have a 
comprehensive knowledge of the project work, and he 
or she should be encouraged to share this knowledge 
with the other participants at the bid meeting so that 
they can use their experience to consider the estimator’s 
assessment of how the work will be pursued.

Alternative materials, methods, equipment, 
manpower, and schedules may all be studied at this time 
with a view to achieving a more competitive bid price. 
The merits of proposed subcontractors may also be 
discussed at the meeting, but this may not be possible as 
the identity of subtrades is often unknown until shortly 
before the bid is submitted. Perhaps the most important 
item considered at the estimate review is the amount 
of fee to include in the bid price. There are many 
factors to account for when assessing a project fee; 
this is discussed in some detail in Chapter 15 under bid 
markup. Experience has shown that participation in the 
fee decision can be a valuable motivator for estimators 
and can avoid the finger pointing and blame that result 
when a single person decides on the fee and the decision 
turns out to be faulty. For these reasons, making the 
determination of fee a team decision by the participants 
at the bid review meeting can be a good idea.

Site Visit

After the bid documents have been reviewed and the 
estimator has obtained a good general idea of the nature 
of the project, a visit to the site of the project should be 
arranged. Some estimators like to complete most, if not 
all, of the quantity takeoff before the site visit because, 
by working through the takeoff process, the estimator 
can really get to know the nature of the job and may 
also be able to foresee possible construction problems 
the project holds for the builder. Then the estimator, as 
a result of the detailed knowledge of the work he or 
she has gained, will come to the site with a number of 
specific questions in mind that the site information may 
answer. While an experienced estimator will certainly 
know what to look for and assess when investigating 
the site, the presence of the chief estimator or a project 
superintendent on the visit will always be valuable, if 
only to offer alternative viewpoints in the evaluation of 
the data.

Figures 2.5 and 2.6 list the items that are normally 
considered on local and remote site visits. The 
condition of the site and any soil information that can 
be observed will impact the price of the excavation 
work estimated. Many of the other items examined 
are included in the general expenses of the project; 
pricing these items is dealt with in Chapter 14. It is 
recommended to take photographs on the site visit 
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because the condition of the site may change in the 
time between the bid and the beginning of work. 
Also, the condition of structures adjacent to the site 
should be carefully documented and photographed 
at this time, especially if these structures are in poor 

condition. This information could be important in 
determining whether damage to these occurred before 
or after the project work began.

Environmental concerns are another important 
area for the estimator to consider on the site visit. 

Figure 2.5  Local Site Visits (Delmar/Cengage Learning)

SITE VISIT CHECKLIST
Local Projects

Estimator: _______________________ Date: ___________________

Job Number: _______________________ Location: ___________________

Project Name: _______________________ ___________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

Distance from Office: __________________________________________

Weather Conditions: __________________________________________

Access and Roads: __________________________________________

Sidewalk Crossing: __________________________________________

Site Conditions: __________________________________________

Adjacent Structures: __________________________________________

Obstructions: __________________________________________

Shoring or Underpinning: __________________________________________

Depth of Topsoil:  __________________________________________

Soil Data: __________________________________________

Ground water: __________________________________________

Soil Disposal Location: __________________________________________

Distance to Borrow Pit: __________________________________________

Local Sand & Gravel: __________________________________________

Electrical Service: __________________________________________

Telephone: __________________________________________

Sewer & Water Services: __________________________________________

Parking and Storage: __________________________________________

Security Needs: __________________________________________

Temporary Fences Required: __________________________________________

Garbage Disposal: __________________________________________

Toilets: __________________________________________

Site History: __________________________________________

Possible Contamination: __________________________________________

Other Comments: __________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
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Complying with exacting environmental requirements 
can be a very costly proposition for a contractor, so 
the estimator must review the contract documents 
thoroughly to assess the extent of liability for possible 
environmental problems the contractor is assuming 

under the terms of the contract. Every effort should 
then be made to investigate the history of the site 
by researching local information and by reviewing 
soil reports and any environmental assessments that 
might be available. Special attention should be paid 

Figure 2.6  Remote Site Visits (Delmar/Cengage Learning)

SITE VISIT CHECKLIST
Remote Projects

Estimator: _______________________ Date: ___________________

Job Number: _______________________ Location: ___________________

Project Name: _______________________ ___________________

Distance from Office: __________________________________________
Weather Conditions: __________________________________________
Access and Roads: __________________________________________
Sidewalk Crossing: __________________________________________

Site Conditions: __________________________________________
__________________________________________
__________________________________________

Adjacent Structures: __________________________________________
__________________________________________
__________________________________________

Obstructions: __________________________________________
Shoring or Underpinning: __________________________________________

Depth of Topsoil: __________________________________________
Soil Data: __________________________________________

Ground water: __________________________________________
Soil Disposal Location: __________________________________________
Distance to Borrow Pit: __________________________________________

Local Sand & Gravel: __________________________________________
Electrical Service: __________________________________________

Telephone: __________________________________________
Sewer & Water Services: __________________________________________

Parking and Storage: __________________________________________
Security Needs: __________________________________________

Temporary Fences Required: __________________________________________
Garbage Disposal: __________________________________________

Toilets: __________________________________________
Site History: __________________________________________

Possible Contamination: __________________________________________
Local Weather Pattern: __________________________________________

Availability of Local Labor: __________________________________________
Local Accommodation: __________________________________________

Availability of Local Materials: __________________________________________
Local Subtrades: __________________________________________

Rates for Business Permit: __________________________________________
Rates for Building Permit: __________________________________________

__________________________________________
Other Comments: __________________________________________

___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
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to the possibility of soil contamination in the location 
of the site. Only by assembling accurate data can the 
contractor quantify the financial risk imposed by 
the contract regarding environmental issues. Then  
an appropriate sum can be added to the bid to cover 
this risk.

Computer Estimating Systems

Computers have become an indispensable tool of 
the estimator, but for the estimator to use computers 
effectively, he or she must first have a thorough 
understanding of the basic concepts of estimating. 
Computer estimating systems perform many operations 
automatically and often invisibly, and the user may not 
completely understand what the system is doing. If an 
estimator does not know exactly what the computer 
is accomplishing in the preparation of an estimate, the 
estimator will not be in control of the process. Computer 
systems are not foolproof, and errors do occur, but the 
experienced estimator can often see from the output 

that there is a problem. Without a thorough grounding 
in the nature of estimating, an estimator using a 
computer system can be at the mercy of the computer, 
which could result in seriously flawed estimates.

One way to gain knowledge of the basic principles 
of estimating is to work through an estimate using 
nothing more than a computer spreadsheet program. 
With this in mind, in this text we have prepared sample 
estimates using MS Excel so that the student can 
follow each step of the process. This approach is taken 
to develop the beginning estimator’s comprehension 
of the whole estimating process and to avoid the 
complications imposed when also learning to use a 
proprietary estimating program.

This is not to say that this book ignores estimating 
programs. On the contrary, there are discussions on the 
use of programs such as Timberline and MC2® in several 
of the following chapters. Also, to demonstrate how the 
use of a computer system can enhance the efficiency of 
the estimating process, we have provided, as a supple-
ment to the text, a worked example using MC2® ICE® 
software. 

SUMMARY

�� A systematic approach to estimating is required 
because of the number of people and amount of 
data involved in an estimate.

�� A contractor’s estimating department should iden-
tify the goals and objectives of the department.

�� Information about bid calls for projects is obtain-
able from a large number of sources for both public 
and private bids.

�� With open bidding there is little restriction on who 
can submit a bid on the work, whereas in a closed-
bid situation only invited contractors are allowed 
to submit bids.

�� Adopting a closed bid addresses the problem of 
receiving bids from undesirable contractors.

�� Another way to deal with the problem of unde-
sirable contractors is to require bidders to be 
prequalified; that is, contractors must complete 
questionnaires that enable owners to assess the 
capability of prospective contractors.

�� Many government agencies are now publishing bid 
notices on the Internet; this is quickly becoming a very 
useful source of information about projects that are 
out for bid.

�� Many contractors make an effort to constantly gather 
information about planned projects. This is part of 

their marketing strategy to get involved early in a 
project, which may allow them to obtain construction 
work by negotiation rather than by the highly compet-
itive bid process.

�� Contractors consider many factors when they decide 
to submit a bid on a project; the chief factors would be 
the size and type of project, the location of the project, 
and the contractor’s need for new work at that time.

�� Contractors need to closely manage the estimating 
process; this involves keeping bid records, scheduling 
the estimator’s time, and carefully reviewing bid docu-
ments when they are obtained.

�� Careful attention should be paid to the “front end” of 
specifications in the review process because it is here 
that general clauses that have a significant impact on 
the cost of the work are often found.

�� During the review and the estimating process that 
follows it, the estimator should prepare a query list 
that collects all questions and items that need clari-
fication from the consultants who produced the bid 
documents.

�� Estimators should be encouraged to take a team 
approach to the process of compiling an estimate; this 
involves working closely with other members of their 
organization and not being afraid to seek help and 
advice when they feel it is needed.
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�� The site visit is an important task in estimating a 
project. The estimator should use an extensive check-
list to ensure that all the major items are properly 
considered on the visit to the site of the proposed 
work.

�� Computers have become an indispensable tool of 
the estimator, but for the estimator to use comput-
ers effectively, he or she must first have a thorough 

understanding of the basic concepts of estimating. 
Learning how to compile an estimate manually can 
help the novice estimator gain the insight necessary 
to appreciate the role of computers in the process.

�� New communication technology, especially the use 
of the Internet, if managed properly, can have a 
positive impact on estimating efficiency. 

REVIEW QUESTIONS

	 1.	What are the main objectives of the estimating 
department in a construction company?

	 2.	Where can a contractor obtain information about 
which projects are out for bid for

a.	 public projects?

b.	private projects? 

	 3.	Describe the main features of an open bid and how 
problems associated with open bidding may be 
avoided.

	 4.	Why are some construction companies aggressively 
pursuing marketing?

	 5.	List and describe the major factors a contractor will 
consider when deciding whether to submit a bid on 
a project.

	 6.	Why does the estimating process need to be 
scheduled?

	 7.	Describe what estimators look for in their review of 
the bid documents.

	 8.	What is a query list, and how is it used by an 
estimator?

	 9.	What is meant by a team approach to estimating, 
and how can it help an estimator in his or her work?

	10.	Why is it necessary for the estimator to visit the site 
even when extensive site information is provided in 
the bid documents? 
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CHAPTER

3

MEASURING QUANTITIES 
GENERALLY

 OBJECTIVES

After reading this chapter and completing the review questions, you should be able to do the following:

•	 Define the quantity takeoff process.
•	 Explain the process of measuring “net in 

place” and why this process is adopted.
•	 Describe how takeoff items are composed.
•	 Discuss the level of accuracy required for a 

takeoff.
•	 Discuss the use of assemblies in the takeoff 

process.
•	 Discuss the role of computers in the takeoff 

process.

•	 Calculate the area of regular and irregular 
plane shapes.

•	 Calculate the volume of a variety of solid 
figures.

•	 Given the dimensions of a building plan, 
calculate the centerline length of the 
perimeter trench/footings/wall. 

The Quantity Takeoff

An estimate begins with a quantity takeoff. A quantity 
takeoff is a process of measuring the work of the proj-
ect in the form of a series of quantified work items. To 
prepare the takeoff, an estimator has to break down the 
design that is shown on the drawings and described in 
the specifications into predefined activities (work items) 
that correspond to the operations the contractor will 
perform to complete the work of the project. Many 
estimators maintain a catalog of standard items that 
represent activities encountered on a large variety of 
projects, but it is not unusual to have to deal with a new  
category of work unique to the project under consider-
ation. The catalog of standard work items is often used 
as a checklist during the takeoff process, especially by 

junior estimators, to help ensure that all the categories 
of work in the project are accounted for.

Each item considered in the takeoff is measured 
according to a uniform set of rules with the object of 
producing a list of work items and their associated 
quantities in a format familiar to estimators. Because a 
standard format is used, estimators are able to more easily 
evaluate the work of each item and proceed to put a price 
on this work. In each subsequent chapter in which the 
measurement of the work of a particular trade is studied, 
we have included “measuring notes” that outline detailed 
rules regarding how the items of work of that trade are 
to be measured. These rules of measurement collectively 
amount to a method of measurement that can be shared 
by a group of estimators. It is strongly recommended that 
estimators, at least those in the same company, follow 
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such a standard method of measuring work because price 
information that is gathered can only be shared if it relates 
to work that has been measured in the same fashion. 
There is further discussion about company estimating 
departments following standard rules of measurement in 
the section on “net in place” on page 29.

What Is Measured?

The estimator should note that quantities of work 
are measured in the takeoff process, not quantities of 
materials. The difference between work quantities and 
materials quantities is a subtle one and can be difficult to 
grasp. It can be especially confusing for those who have 
come to estimating from a trade background, having been 
taught a subject called “estimating” in trade school that 
usually has to do with calculating quantities of project 
materials rather than cost estimating. The objective 
of a materials takeoff is to compute the quantity of 
materials that need to be purchased in order to construct 
a particular item of the project. A quantity takeoff for a 
cost estimate is different in three major respects:

	1.	 Measurements are made net in place (see page 29) 
with cost estimate takeoffs. Materials takeoffs 
measure gross quantities.

	 2.	 A materials takeoff often does not provide sufficient 
information for pricing. For example “100 cubic yards 
of 3000 psi concrete” may be adequate for a material 
takeoff, but information about what the concrete is to 
be used for is required in a takeoff for a cost estimate.

	3.	 There are a number of work items measured in a 
cost estimate takeoff that do not involve materials. 
For example, the item “Hand Troweling” has only 
a labor price associated with it; what is measured 
for this work item is the plan area of concrete to be 
troweled. There is no material to consider. 

Note that whenever the term “estimate” appears in 
this text, it refers to a cost estimate and not an estimate 
of quantities for purchasing materials.

Units of Measurement

There are two systems of measurement in use in the 
North American construction industry: the English 
system and the metric system, each with its own set 
of units.* This text will utilize English units—a later 
metric edition is planned using international metric 

*Information about metric units is available from the Institute of Sci-
ence and Technology, which has a very informative Web site at www.
nist.gov.

units, “Système international d’unités” (SI units), on 
drawings and in all aspects of estimating. Estimators 
are advised to work entirely in one system or the other 
in accordance with the units used on the drawings of 
the project; mixing different units of measurement in 
a single estimate increases the probability of serious 
errors and should be avoided if at all possible.

But what if the plans are drawn in metric units and all 
your pricing information is in English units? I would still 
advise you to complete the takeoff using the units of the 
plans, metric units, and later convert all units to English 
units for pricing. Do not try to convert each dimension to 
its English equivalent as you proceed through the takeoff; 
this is both time consuming and extremely prone to error. 
If you are using computer software, there  is often a useful 
option you can switch on that will enable the program 
to automatically convert your metric takeoff to imperial 
units for analysis and pricing.

Item Units

Items of work are measured in the units most 
appropriate to the type of work involved, and this is 
reflected in the rules of measurement adopted by the 
estimating department. There are five basic categories 
of units used in estimating:

	1.	 Number—The quantity of these items is determined 
by counting the number of items, and the value 
obtained is designated a number (No., Each, or Ea.) 
to indicate that it is an enumerated item.

Examples:	

2' 3 3'Mirrors	 —    6 No.
Install 3⁄4" 3 12" anchor bolts	 —    240 Each
Cast iron manhole covers	 —    60 Ea.

	2.	 Length—The quantity measured is the length of the 
item in feet and the value obtained is designated 
linear feet (lin. ft.). The equivalent metric units 
would be meters (m).

Examples:	

Form 2 3 4 keyway	 —	 120 lin. ft. (37 m)
6" Dia. ABS drain pipe	 —	 300 lin. ft. (91 m)

	3.	 Area—The quantity measured is the superficial area 
of the item in square feet and the value obtained 
is designated square feet (sq. ft.). The equivalent 
metric units would be square meters (m2).

Examples:	

Form footings        —  325 sq. ft. (30 m2)
1⁄2" Gypsum wallboard —  12,000 sq. ft. (1115 m2) 
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4.	 Volume—the quantity measured is the volume of 
the item in cubic yards and the value obtained is 
designated cubic yards (cu. yd.). The equivalent 
metric units would be cubic meters (m3).

Examples:	

Excavate trenches          —  125 cu. yd. (96 m3)
3000 psi Concrete footings  —  89 cu. yd. (68 m3) 

5.	 Weight—the quantity measured is the weight or 
mass of the item in pounds or tons and the value 
obtained is designated pounds or tons (lbs. or Ton). 
The equivalent metric units would be kilogram 
(kg) or metric ton (t). Metric tons are sometimes 
referred to as “tonnes.”

Examples:	

#3 Rebar in footings	 —	 524 lb. (238 kg)
W8 3 20 Structural beams	 —	 12 Ton (11 t) 

Measuring “Net in Place”

Quantities of work are measured “net in place” in a 
takeoff for a cost estimate. This means that quantities 
are calculated using the sizes and dimensions indicated 
on the drawings with no adjustments to the values 
obtained for waste factors and suchlike.

To illustrate this principle, consider the item 3⁄4" 
Plywood floor sheathing that, let us say, is shown on 
the drawings applied to a floor 40 feet long and 34 
feet wide. Multiplying these dimensions gives a net 
quantity of 1360 square feet. The takeoff quantity will 
remain as 1360 square feet, and prices for the labor 
and any equipment associated with this item of work 
will be applied to the quantity at a later stage of the 
estimating process to establish the estimated cost of 
this item. When the material component of this item is 
priced, however, a waste factor will be added to allow 
for cutting and waste on the material. It does not matter 
if the estimator increases the quantity of material or 
the price of material by the waste factor; the result will 
be the same in each case. In contrast, if this item were 
measured so that plywood materials can be ordered 
for the floor under construction, the person ordering 
the material will include in the calculations a waste 
factor that will result in a “gross” quantity of, say, 1408 
square feet. This inflated amount takes into account the 
cutting and wastage of the material involved. Because 
field personnel are used to measuring “gross” quantities 
in this way, they often find it difficult to adjust to 
measuring “net” for an estimate, but there are a number 
of reasons why an effort should be made to takeoff “net 
in place” quantities for cost estimates:

	1.	 Consistency—Without a fixed ruling, some 
estimators would measure “net,” others would 
measure “gross,” and yet others may combine both 
“gross” and “net” quantities in a single estimate. 
As a result, it becomes far more difficult to make a 
meaningful comparison or assessment of different 
estimates because the basis of the estimates, the 
quantity of work involved, will not have been 
determined in the same way for each estimate. 
Also, the lack of a consistent standard method of 
measurement would require each estimator to 
maintain a personal database of prices to reflect 
the specific set of “add-on” factors used by that 
estimator. This is unacceptable if estimators in the 
same company are to share data, and it is a barrier 
to effective communications between all estimators.

	2.	 Objectivity—Measuring “net” quantities results in 
an objective appraisal of the design. Add-ons for 
waste factors, swell factors, compaction factors, 
and the other adjustments applied to quantities 
taken off are all subjective assessments. One 
estimator may allow an additional 5% to the “net” 
quantity for wastage, while another estimator 
may consider 8% to be a more appropriate rate. 
When such disagreements are applied to a large 
number of items, clearly a different schedule of 
quantities will be produced by every different 
estimator. This adds a complication to the pricing 
of the work items, which is already a difficult 
process, and provides further reason why estimate 
comparisons are difficult when measuring “gross.” 
It is much easier to review item unit prices when 
the quantities have been measured in an objective 
standard fashion than when they have been 
exposed to the subjective evaluation of the person 
who measured them.

	3.	 Unit Price Contracts—Measurement of work done 
on a unit price contract is invariably required to be 
calculated on a “net” quantity basis. The reason for 
this is quite obvious if we consider the consequences 
of allowing contractors to increase quantities by 
waste factors of their own choice when the work is 
to be paid for on the basis of the quantity of work 
done.

	4.	 Comparisons of Operation Efficiencies—The 
efficiency of construction operations is often analyzed 
in terms of cost or hours spent per unit of work 
done. Here again, it is clear that if the amounts of 
work done are measured on a subjective basis with a 
variety of “add-on” factors applied to the quantities 
obtained, comparing the efficiencies determined 
in one analysis with those obtained in another is 
meaningless.
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To illustrate this last point, consider the results of 
the analysis of Joe’s project and Fred’s project. These 
supervisors spent $1190 and $1200, respectively, 
placing concrete in footings, but Joe measured a “net” 
quantity of 100 cubic yards, while Fred measured a 
“gross” quantity of 105 cubic yards, which included a 
5% waste factor. Using these values gives the following 
costs per cubic yard:

Joe’s Project:  
$ 1190

100 cu. yd.
5 $ 11.90 per cu. yd.

Fred’s Project:  
$1200

105 cu. yd.
5 $11.41 per cu. yd.

From this analysis it would appear that Fred’s 
operation is more efficient because of the lower cost per 
cubic yards obtained. However, if the concrete amounts 
are calculated on the same basis, which is 100 cubic 
yards net in both cases, the result is reversed—Joe’s cost 
per cubic yard ($11.90) is lower than Fred’s ($12.00).

Takeoff Rules

	1.	 Takeoff items comprise two components:

		  a.	 Dimensions that define the size or quantity of 
the item in accordance with the required units 
of measurement for that item

		  b.	 A description that provides sufficient information 
to price this item (see note 10 below)

	2.	 Dimensions are entered onto the takeoff in this 
order: length, width, and depth (or height).

	3.	 Dimensions are written in feet to two decimal 
places; thus 5'10" would be written into a 
dimension column as 5.83. See Figure 3.1 for 
decimal equivalents of inches in feet.

When using the metric system, record 
dimensions in meters rounded to two decimal 
places. Thus, 3489 mm is written as 3.49 m and 
1200 meters would be 1200.00 m.

Figure 3.1  �Decimal Equivalents of Inches in 
Feet (Delmar/Cengage Learning)

1 inch = 0.08 feet 7 inches = 0.58 feet
2 inches = 0.17 feet 8 inches = 0.67 feet
3 inches = 0.25 feet 9 inches = 0.75 feet
4 inches = 0.33 feet 10 inches = 0.83 feet
5 inches = 0.42 feet 11 inches = 0.92 feet
6 inches = 0.50 feet 12 inches = 1.00 feet

	4.	 If a dimension does not come directly from a tender 
drawing, provide side calculations on the quantity 
sheet showing how it was determined; this should 
be done even for the simplest calculation.

	5.	 Dimensions are rounded to the nearest whole 
inch. However, to avoid compounding rounding 
errors, fractions of an inch are not rounded in side 
calculations until the end result of the calculation is 
obtained.

	6.	 Use dimensions obtained directly from drawings, or 
calculated from figured dimensions, in preference 
to scaled dimensions. The estimator should use 
drawings to obtain dimensions only as a last resort 
because drawings are not always accurately drawn 
to scale (see discussion of the use of digitizers in 
Chapter 4).

	7.	 Deductions listed with the dimensions are written 
in red or enclosed in brackets “< >” and noted as 
deductions.

	8.	 Throughout the takeoff, insert headings to indicate 
such things as the trade being taken off, the location 
of the work under consideration, and the phase in 
which the work is classified. Side notes are also 
useful to explain what is being measured, especially 
when the work is complex or unusual. All of these 
headings and notations help provide an audit trail 
so that the estimator or any other interested party 
can more easily review the takeoff.

Do not overlook the use of headings and side 
notes in the takeoff when using computer estimating 
systems, especially if dimensions are entered into 
the computer directly from the drawings without 
making handwritten notes. The computer may be 
able to print a report that shows the takeoff items 
in the order in which they were measured, but on a 
large job without headings and notes in the takeoff, 
it will be almost impossible to review this data to 
determine which part of the project the items relate 
to and whether or not all the work of the project 
has been taken into account.

Computer estimating programs allow the 
estimator to add notes to the takeoff as it proceeds; 
we strongly encourage you to use this feature 
extensively in your takeoff.

	9.	 It is recommended that the estimator use highlighter 
pens to check off items of work as the takeoff 
progresses. This identifies what has been measured 
and distinguishes it from what remains to be 
considered.

Also, a good highlighting job often improves 
the readability of drawings and makes it easier to 
review a takeoff in the future.
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	10.	 Takeoff descriptions need to contain sufficient 
information for the estimator to later price the work 
involved. Estimators use abbreviations extensively 
in takeoffs to increase the speed of the process, and 
detail that can be easily added at the pricing stage 
may be omitted from descriptions at the time of the 
takeoff.

To illustrate this point, consider a project 
that requires three mixes of concrete: mix A for 
foundations, mix B for columns, and mix C for 
all other concrete. Mix A consists of 3,500 psi 
concrete with type V cement and 4% air 
entrainment. The estimator will describe the use 
of the concrete in the takeoff in terms of footings, 
foundation walls, columns up to the second floor, 
slabs-on-grade, and so on. It is time wasting to 
include a full mix description with each concrete 
takeoff item. The types of mix and their prices 
have to be considered at the pricing stage, so 
why not leave the mix categorization until that 
time? See the recap examples in Chapter 11 for a 
description of how this mix classifying can easily 
be performed.

	11.	 Generally, when describing a takeoff item, the 
estimator does not mention in the description or 
measure separately any of the following items 
because they will be dealt with later in the process 
of pricing the takeoff items:

		  a.	� Transportation or any other costs associated 
with the delivery of the materials involved

		  b.	 Unloading materials

		  c.	 Hoisting requirements

		  d.	 Labor setting, fitting, or fixing in position

		  e.	 Lapping, cutting, or waste of materials

		  f.	 Stripping formwork

		  g.	 Form oil

		  h.	 Rough hardware

		  i.	 Scaffold 

The estimator should be aware that while all the 
above rules are in place to obtain the consistency and 
objectivity required, there is always an occasional 
situation in which the work is not routine and a better 
result may be obtained if the rules are relaxed. So 
estimators, to continue to be effective, have to preserve 
a certain flexibility of approach, keeping in mind 
their major goal of pricing the work of the project as 
efficiently as possible.

Accuracy of Measurement

The quantity takeoff should accurately reflect the 
amount of work involved in a project, but how 
accurately should the work be measured? There is no 
clear answer to this question as the level of accuracy 
pursued by the estimator depends on the costs and 
benefits of attaining high accuracy. Devoting extra 
time to improving the accuracy of the measurement of 
certain items of work may not be justified. All we can 
say is that the takeoff has to be as accurate as possible 
given the nature of the work being measured and the 
cost of attaining high accuracy.

To demonstrate, consider the measurement of 
concrete work items. It is not difficult to calculate the 
quantities of concrete with a high degree of accuracy 
as concrete items are usually well detailed on contract 
drawings. Also, the time spent carefully measuring 
concrete work can be justified because items of concrete 
are relatively expensive. In contrast, excavation items 
are not detailed well, if at all, on drawings, and the unit 
prices of these items are usually quite low. With the 
excavation trade, the estimator usually has to ascertain 
the dimensions of the work by applying judgment based 
on experience; this results in an assessment that may 
be quite different from the volumes of work actually 
excavated. Clearly, there is little benefit in spending much 
time developing and carefully measuring what is only a 
theoretical impression of the excavation requirements 
of a project. However, the estimator still needs to make 
a reasonable evaluation of excavations because, even 
though the price per cubic yard may be as low as $5.00, 
when there are in the region of 50,000 cubic yards to 
consider, the total price of the work is not insubstantial.

Therefore, an estimator constantly has to balance 
the cost of achieving high accuracy against the value 
obtained from the increase in accuracy. This is not an 
easy task, particularly for those new to estimating, but 
our advice to the estimator who is in some doubt about 
whether the time spent improving the accuracy of a 
measurement is justified is to err on the side of caution 
and spend the extra time. A more accurate takeoff is 
always a better takeoff.

Organization of the Takeoff

The order of the takeoff will generally follow the 
sequence of the work activities of the project, and, 
conveniently for the estimator, the contract drawings 
are usually presented in this sequence. However, some 
estimators find it preferable to measure concrete 
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work before excavation work even though excavation 
activities usually have to precede concrete work on 
the job. The reason for considering concrete work 
first is that the sizes and details of concrete items are 
clearly defined on the drawings, whereas excavation 
requirements have to be assessed. So measuring concrete 
first allows the estimator to become familiar with the 
project and, therefore, more efficient later at assessing 
the excavation requirements.

Other estimators begin with the measurement of 
excavation because they choose to proceed with their 
takeoff in the order in which the drawings are provided. 
Because site topography is usually shown on the first 
drawing, these estimators begin on this drawing with 
the excavation activities and proceed with the rest of the 
work of the project in the order of construction, which 
is generally the order in which the drawings depict the 
work. As an estimator you must decide which alternative 
to adopt; in this text we follow the second option.

An estimator needs a strategy to deal with large proj-
ects. Without a systematic approach, the estimator can 
easily get lost in the takeoff process and reach a point at 
which it is not clear what exactly has been measured and 
what is left to be considered. This ambiguity can cause 
extreme frustration to the estimator, which can lead to 
high stress and, in some cases, absolute panic. A simple 
yet effective strategy that can be used with any estimate 
consists of first dividing the project into manageable-size 
parts, proceeding through the takeoff one part at a time, 
and, within each of these parts, measuring the work as a 
sequence of assemblies. How the project is divided up is 
entirely dependent on the nature of the project; high-rise 
jobs, for instance, are most easily divided floor by floor 
or by groups of floors. Some projects can be divided 
into zones, phases, or even separate buildings. The esti-
mator will often find that the contract drawings reflect 
these divisions as it is common for a large project to be 
designed in parts rather than as one large whole.

Once the project is divided into manageable-sized 
parts, assemblies are distinguished within. An assembly 
is a component of the work that can be considered 
separately from the other parts of the work. The notion 
of an assembly will develop as the reader progresses 
through the takeoffs that follow. For now, consider 
the example of a perimeter foundation wall as an 
assembly in the estimate of a house. The basic idea is 
that the estimator measures all the work involved in 
an identified assembly, and then moves on to consider 
the next assembly. In this example, the estimator may 
takeoff all of the following items associated with this 
one assembly before passing on to the next assembly:

	 a.	 The concrete in the wall

	b.	 The forms to the sides of the wall

	 c.	 The forms to openings and blockouts in the wall

	 d.	 The rubbed finish on the exposed concrete of the wall

	 e.	 The reinforcing steel in the wall 

The major advantages of taking off by assemblies 
are that the assembly is evaluated only once and the 
same dimensions are shared by a number of items within 
the assembly, thus avoiding repetition. Alternatively, if 
the estimator were to measure all the concrete on the 
project, then return to consider the forms, and return a 
third and fourth time to this assembly to measure the 
cement finishes and embedded miscellaneous items, there 
would be a great deal of wasted time reassessing the 
component, repeating the same dimensions, and, possibly, 
recalculating these same dimensions several times.

Another advantage of this approach is that takeoff 
by assemblies or “work packages” is utilized in many 
of the better computer estimating programs, which 
produces a very powerful and speedy estimating tool. 
A student who becomes familiar with the concept and 
use of assemblies when learning estimating will be more 
adept when these features are encountered in computer 
programs and better able to develop and customize 
them to obtain maximum benefits from their use.

Also, the process of scheduling the project is made 
easier when assemblies have been used in the takeoff 
because the activity breakdown used by schedulers 
corresponds quite closely to the assemblies measured by 
the estimator. Some computer estimating packages can 
integrate with scheduling packages to allow the scheduler 
to directly transfer the estimate assemblies to the schedule.

Estimating Stationery

Specially printed forms designed for each of the various 
estimating procedures are used to increase productivity 
and contribute to the accuracy of an estimate. There are 
a number of different stationery formats available to 
the estimator; the decision on which to adopt depends 
on the method of estimating used. Figure 3.2 shows the 
form of quantity sheet used for quantity takeoffs in the 
following chapters, and Figure 3.3 shows the form of 
pricing sheets used.

In this book the quantity takeoff is recapped onto 
separate sheets for pricing, so one form of stationery 
is used for the takeoff and a second for the recap. The 
process of recapping quantities onto a separate pricing 
sheet is adopted because it makes the task of pricing 
an estimate far more efficient since all related items are 
gathered in a concise manner. To price the takeoff items 
directly would entail a long and tedious process with a 
great deal of repetition, especially for estimates of larger 
projects. On small projects, however, there may be some 
advantage to directly pricing the takeoff. Figure 3.4 
shows an example of a combined takeoff and pricing 
sheet that could be used for this purpose.
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Figure 3.2  �Sample Quantity Sheet (Delmar/Cengage Learning)

QUANTITY SHEET SHEET No.

JOB............................................................................................................ DATE....................................

ESTIMATOR............................................... EXTENDED........................... EXT.CHKD.....................

DESCRIPTION

DIMENSIONS

TIMES

Figure 3.3  �Sample Pricing Sheet (Delmar/Cengage Learning)

PRICING SHEET
Page No.

JOB............................................................................................................ DATE....................................

ESTIMATOR...............................................................................................

UNIT
    LABOR

UNIT
MATERIALS

UNIT
EQUIPMENT TOTALPRICEPRICEPRICEUNITQUANTITYDESCRIPTIONNo.
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Takeoff by Computer

The use of computer programs in the takeoff process 
can greatly increase the efficiency of the process. The 
estimator can simply select takeoff items from a database 
of standard work items and input the dimensions for 
each item; the system then performs all the required 
calculations and sorts the takeoff items according to 
the required presentation format. Most estimating 
systems allow the estimator to select a number of 
related items together (an assembly), and then enter one 
set of dimensions that apply to all the items selected. 
Even greater productivity can be achieved if a group of 
related items is saved as a preset assembly. When such 
assemblies are in place, the estimator just recalls an 
assembly (without having to select the individual items 
again) and then inputs the dimensions that apply to that 
assembly.

Some estimators like to prepare a “paper takeoff” 
before entering dimensions into the computer. This 
practice provides a comprehensive record of how 
the estimator proceeded and allows the takeoff to be 
checked in detail to ensure that all the work has been 
measured properly. If this written takeoff is dispensed 
with, the takeoff production rate can certainly improve, 
but the ability to review the estimator’s work will be 
reduced. However, as we have discussed, most computer 
estimating programs can generate reports that enable 
you to audit the takeoff and, as long as the estimator 
maintains explanatory notes with the takeoff, either 

on paper or in the computer, it will still be possible to 
conduct a detailed review of the takeoff.

Formulas and Perimeter Centerline 
Calculations

The basic formulas used in estimating are given in 
Figures 3.5 and 3.6. The last formula shown on 
Figure 3.6 calculates the volume of a perimeter trench 
from the centerline length, width, and depth of the 
trench. This formula is used extensively in the takeoff 
process on many types of projects, and it may be used 
many times on the same project takeoff.

Consider the example shown in Figure 3.7. The 
calculations of volumes of trench excavation, footing 
concrete and wall concrete all involve the same 
centerline (C.L.) perimeter length:

Volume of trench   5 C.L. length 3 w1 3 d1

Volume of footing 5 C.L. length 3 w2 3 d2

Volume of wall          5 C.L. length 3 w3 3 d3

This identical centerline length will then be used 
in further calculations of footing and wall formwork 
areas. It is clear that a single centerline value can be used 
many times over in takeoff calculations, so adopting a 
systematic method of establishing centerline perimeters, 
such as that outlined in the following, can contribute to 
both the speed and accuracy of a takeoff.

DESCRIPTION PiecesNo.
No.

EXTENDED ..................................................ESTIMATOR ...........................................................

JOB ...........................................................................................................................................................

CHECKED ...............................................

DATE .....................................
Page No.

Extension Extension
Total
Quantity

UNIT
MATERIALSPRICE

UNIT
PRICE LABOR

DIMENSIONS

ESTIMATE SHEET

Figure 3.4  �Stationery for Combined Takeoff and Pricing 
(Delmar/Cengage Learning)
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A perimeter length is calculated from the figured 
dimensions that are provided on the plan of the 
structure. In this example, the dimensions of the 
exterior of the walls are given. The length of the outside 
perimeter can be determined thus:

2 3 26' 0" 5 52' 0"  (2 3 7.90 m 5 15.8 m)

2 3 19' 6" 5 39' 0"  (2 3 5.95 m 5 11.9 m)

91' 0"     (27.7 m)

To arrive at the centerline length, it is necessary 
to deduct the thickness of the wall at each corner, that 
i s , 4 3 8" 5 2' 8" (4 3 200 mm 5 800 mm) , which 
makes the total centerline 88'4" (26.9 m). The reason 
for making this adjustment at the corners can be seen 
from the enlarged detail of a corner shown in Figure 3.8.

When the first perimeter length was calculated, it 
was to the exterior corner, but to obtain the centerline 
perimeter amount, w/2 has to be deducted from each 
dimension. So, at this corner, 2 times w/2 has to be 

Figure 3.5  �Perimeters and Areas of Plane Shapes 
(Delmar/Cengage Learning)

1. RECTANGLE

Perimeter = 2a + 2b
Area         = a × b

Perimeter = 2a + 2b
Area         = a × h

Perimeter = a + b + c + d
Area         = (divide into
                        triangles)

Circumference = 2 π r
Area                 = π r2

SHAPE FORMULAS

2. PARALLELOGRAM

3. TRAPEZOID

4. TRIANGLE

5. TRAPEZIUM

6. CIRCLE

Perimeter = a + b + c + d 
Area         = (a + b)× h

2

Perimeter = a + b + c
Area         = a × h

2

a

b

h

h

h

a

a

b

a

a

b

b

c

c

d

b

c
d

r
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deducted and 2 times w/2 5 the width of the wall, 8" in 
this case. The full calculation of the centerline perimeter 
would appear like this:

2 3 26'0" 5 52 0     or  2 3 7.9 m 5 15.80 m

2 3 19'6" 5 39'0"      2 3 5.95 m 5 11.90 m

91'0"                                 27.70 m

minus 4 3 8" 5 82'8" 9 	 minus 4 3 .20 m 0.80 m

88'4"                              26.90 m

In Figure 3.9 the wall is not a rectangle on plan, but it 
cuts in at two corners. The external perimeter can still be 
obtained by adding 2 times the extreme length and 2 times 
the extreme width as shown. The centerline perimeter 

Figure 3.6  �Volumes of Solid Figures (Delmar/Cengage Learning)

1. RECTANGULAR
SOLIDS

2. PRISMS

VOLUME = L × W × h

3. CYLINDERS

4. CONES

5. PYRAMIDS

CENTERLINE L VOLUME =
CENTRLINE L × W × D

6. PERIMETER TRENCHES,
     FOOTINGS, WALLS, ETC.

h

WL

B h

h
h

h

A

r

r

L W

W

D

VOLUME = A × B × h
2

VOLUME = π r2 × h
3

VOLUME = L × W × h
3

VOLUME = π r2 × h
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is determined, once again, by making an adjustment for 
four exterior corners as the effect of an interior corner is 
balanced by an exterior corner, which is verified on the 
sketch of a pair of corners shown on Figure 3.10.

Figures 3.11 and 3.12 show additional examples 
of perimeter calculations for a number of different 
building shapes.

Figure 3.7  �Plan and Section of Wall (Delmar/Cengage Learning)

PLAN OF WALL

26´0˝ (7900 mm)
19

´6
˝ 

(5
95

0 
m

m
)

8˝ (200 mm) WALL

CENTERLINE

SECTION A-A

W3

W1

W2

D
3

D
1

D
2

PERIMETER

A A
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Figure 3.8  �Plan of Corner of Wall (Delmar/Cengage Learning)

AT A CORNER, 2 TIMES    HAS TO BE
DEDUCTED FROM THE OUTSIDE
DIMENSION TO DETERMINE THE
CENTERLINE PERIMETER LENGTH.

w
2

w 2

w
2

W

Outside Dimension

O
ut

si
de

 D
im

en
si

on

Figure 3.9  �Plan and Perimeter Calculation of Wall 
(Delmar/Cengage Learning)

32′ 0′′ (9750 mm)

11′′ (275 mm) WALL

28
′ 9

′′ 
(8

75
0 

m
m

)

PERIMETER CALCULATION

2 × 32′ 0′′ 64′ 0′′
2 × 28′ 9′′ 57′ 6′′
(EXTERIOR) 121′ 6′′
LESS
4 × 11′′ 〈3′ 8′′〉  
CENTERLINE 117′ 10′′

2 × 9.75 m = 19.50 m 
2 × 8.75 m = 17.50 m 

37.00 m
LESS
4 × 0.275 m =  〈1.10 m〉 

35.90 m

or
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A

AN EXTERIOR CORNER BALANCES THE EFFECT
OF AN INTERIOR CORNER SO THERE IS NO
CHANGE TO THE LENGTH OF THE CENTERLINE
IN THIS SITUATION–ALL THREE LINES ARE THE
SAME LENGTH FROM A TO B.

B

Figure 3.10  �Plan of Exterior/Interior Corner (Delmar/Cengage Learning)
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25′ 6′′ (7775 mm)

2′ 6′′ (750 mm) WIDE6′ 8′′
(2000 mm)

24′ 3′′ (7400 mm)

12
′ 0

′′
(3

65
0 

m
m

) 3′
 0

′′
(9

00
 m

m
)

3′ 0′′ (900 mm) WIDE

2′
 0

′′
(6

00
 m

m
)

6′ 0′′
(1800 mm)

3′ 0′′

4′
 0

′′ 
(1

20
0 

m
m

)

12
′ 7

′′ 
(3

80
0 

m
m

)

PERIMETER
CALCULATION

2 × 25′ 6′′ 51′ 0′′
2 × 12′ 7′′ 25′ 2′′
EXTERIOR 76′ 2′′
LESS
4 × 2′ 6′′ 〈10′ 0′′〉  
CENTERLINE 66′ 2′′

2 × 7.775 m  = 15.55 m 
2 × 3.800 m  = 7.60 m 

EXTERIOR 23.15 m
LESS
4 × 0.750 m 〈3.00 m〉 

20.15 m

or

2 × 24′ 3′′ 48′ 6′′
2 × 12′ 0′′ 24′ 0′′
2 ×   2′ 0′′ 4′ 0′′
INTERIOR 76′ 6′′
ADD
4 × 3′ 0′′    12′ 0′′ 
CENTERLINE 88′ 6′′

2 × 7.400 m  = 14.80 m 
2 × 3.650 m  = 7.30 m 
2 × 0.600 m  = 1.20 m 

INTERIOR 23.30 m
ADD
4 × 0.900 m 3.60 m

26.90 m

or

PERIMETER
CALCULATION

METRIC
PERIMETER

CALCULATION

METRIC
PERIMETER

CALCULATION

Figure 3.11  �Wall Plans and Perimeter Calculations (Delmar/Cengage Learning)
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2′ 6′′
(760 mm)

1′ 6′′ (450 mm) wide
25′ 0′′ (7600 mm)

3′ 6′′ (1050 mm) wide

d 
= 

18
′ 0

′′ (
54

50
 m

m
)

8′
 0

′′
(2

40
0 

m
m

)

3′
 0

′′ 
 (9

00
 m

m
)

10
′ 0

′′ 
 (3

00
0 

m
m

)

PERIMETER
CALCULATION

25′ 0′′
ADD 2 ×   1′ 6′′ =     3′ 0′′

28′ 0′′
2 × 28′ 0′′        56′ 0′′
2 × 18′ 0′′        36′ 0′′
2 ×   2′ 6′′          5′ 0′′

EXTERIOR = 97′ 0′′

LESS
4 ×   1′ 6′′ 〈6′ 0′′ 〉   

CENTERLINE = 91′ 0′′

PERIMETER
CALCULATION

7.60 m
ADD 2 × 0.450 =     .90 m

8.50 m
2 × 8.500 17.00 m
2 × 5.400 10.80 m
2 × 0.760 1.52 m

EXTERIOR = 29.32 m

LESS
4 × 0.450    〈1.80 m〉

27.52 m

METRIC
PERIMETER

CALCULATION

METRIC
PERIMETER

CALCULATION

INTERIOR: 2 × π ×   9′ 0′′ = 56′ 6′′
CENTERLINE: 2 × π × 10′ 9′′ = 67′ 6′′
INTERIOR: 2 × π × 12′ 6′′ = 78′ 6′′  

INTERIOR: 2 × π × 2.725 = 17.11 m
CENTERLINE: 2 × π × 3.250 =  20.41 m
INTERIOR: 2 × π × 3.775 =  23.71 m  

Figure 3.12  �Wall Plans and Perimeter Calculations (Delmar/Cengage Learning)
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 SUMMARY

�� A quantity takeoff is defined as a process of 
measuring the work of a project in the form of a list 
of quantified work items measured in accordance 
with a uniform set of rules.

�� The rules for measurement are contained in the 
“measuring notes” for each trade found in the 
following chapters. Collectively these rules amount 
to a “method of measurement” that can be shared 
by a group of estimators so that their takeoffs and 
the data they use are handled in a consistent manner.

�� Note that quantities of work are measured “net in 
place” in the takeoff process, and this is different 
from measuring quantities of materials.

�� There are two systems of measurement used in the 
North American construction industry: the tradi-
tional English units and metric units.

�� Estimators are advised to work entirely in English 
or metric units according to the units used on the 
project drawings since mixing the two systems of 
measurement in an estimate increases the likelihood 
of error.

�� For reasons of consistency and objectivity, work is 
measured “net in place”; this means that quantities 
are calculated using the dimensions shown on the 
drawings with no adjustments made for waste fac-
tors and suchlike.

�� Takeoff items comprise dimensions and a descrip-
tion; dimensions are always recorded in the order 
of length, width, and height.

�� Descriptions contain sufficient information for the 
estimator to price the work.

�� The quantity takeoff should accurately reflect the 
amount of work in the project. While high accuracy 
is possible with well detailed concrete items, a mar-
gin of error has to be allowed with excavation work 
as it is never so well detailed on project drawings.

�� The order of the takeoff will generally follow the 
sequence of construction, although some estimators 
prefer to measure concrete work before an assess-
ment of earthwork requirements is undertaken.

�� A strategy is needed for completing a takeoff of 
larger projects:

a.	 Divide the project into manageable-sized parts.

b.	Consider one part of the project at a time.

c.	 Measure the work as a series of assemblies.

d.	Complete the takeoff for one assembly before 
passing on to the next.  

�� Specially printed stationery designed for each of the 
various estimating procedures is used to increase 
productivity and contribute to the accuracy of an 
estimate.

�� Computers have become an important tool for the 
estimator. Their use can greatly increase the effi-
ciency of the estimating process and also lead to 
improved accuracy.

�� The estimator needs to be able to calculate the area 
of various shapes and calculate the volume of a 
variety of solid figures.

�� It is also useful for the estimator to be able to 
quickly calculate the centerline perimeter of the 
plan of a trench/footing/wall around a building, 
given the dimensions of the building.  

 REVIEW QUESTIONS

	 1.	What is the objective of a quantity takeoff?

	 2.	Why is it recommended that estimators follow a 
standard method of measurement when preparing 
a takeoff?

	 3.	What is the difference between an estimator’s 
quantity takeoff and a foreman’s material takeoff?

	 4.	Estimators usually measure “net in place” 
quantities. What does this mean?

	 5.	What are the two components that make up a 
takeoff item?

	 6.	 In what order are dimensions entered onto the 
takeoff?

	 7.	Why should a figured dimension be used in 
preference to a dimension scaled off a drawing?

	 8.	Why should an estimator include headings and side 
notes throughout a takeoff?

	 9.	The cost of transportation of materials has to be 
allowed for in the estimate, but this item is not 
usually measured or even referenced in the takeoff. 
List six other similar items.

	10.	What level of accuracy should the estimator pursue 
in the measurement of work in a takeoff?

	11.	What is an assembly, and how is the notion of 
assemblies used in the takeoff process?
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	12.	Calculate the perimeter and the area of the 
parallelograms with the following dimensions (refer 
to Figure 3.5):

a 5 12'0"	 a 5 3600 mm

b 5 8'3"	 b 5 2000 mm

h 5 8'0"	 h 5 2400 mm

	13.	Calculate the perimeter and the area of the triangles 
with the following dimensions (refer to Figure 3.5):

a 5 10'0"	 a 5 2750 mm

b 5 9'6"	 b 5 2050 mm

c 5 3'0"	 c 5 300    mm

h 5 2'0"	 h 5 600    mm

	14.	Calculate the perimeter and the area of the circles 
with the following dimensions (refer to Figure 3.5):

r 5 14'0"	 r 5 4250 mm

	15.	Calculate the volume of the prisms with the 
following dimensions (refer to Figure 3.6):

a 5 4'0"	 a 5 1250 mm

b 5 19'6"	 b 5 5950 mm

h 5 12'0"	 h 5 3250 mm

	16.	Calculate the volume of the cylinders with the 
following dimensions (refer to Figure 3.6):

r 5 25'0"	 r 5 7500 mm

h 5 11'3"	 h 5 3625 mm

	17.	Calculate the volume of the cones with the 
following dimensions (refer to Figure 3.6):

r 5 4'9"	 r 5 1750 mm

h 5 12'0"	 h 5 3250 mm

	18.	Calculate the volume of the pyramids with the 
following dimensions (refer to Figure 3.6):

L  5 36'0"	 L  5 10,975 mm

W 5 32'6"	 W 5 9900 mm

h  5 10'0"	 h  5 3000 mm
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 CHAPTER

4

MEASURING SITEWORK, 
EXCAVATION, AND PILING

 OBJECTIVES

After reading this chapter and completing the review questions, you should be able to do the following:

•	 Explain how soils reports can be used to 
evaluate site subsurface characteristics.

•	 Explain the use of swell factor and compaction 
factor when calculating volumes of excavation 
and backfill.

•	 Define bank measure and explain how it 
applies to sitework takeoffs.

•	 Describe and use the “grid method” of 
calculating cut-and-fill volumes.

•	 Explain how piling work is measured 	
in a takeoff.

•	 Explain how trenches and basements are 
measured in a takeoff.

•	 Complete a takeoff of sitework for a single 
detached house.

•	 Complete a takeoff of sitework for a 
commercial project. 

Generally

Measuring sitework and excavation work is different 
from measuring most other work of a construction 
project because bid drawings usually provide very lit-
tle detail about the specific requirements of sitework 
operations. The drawings will give details of the new 
construction required for the project, but information 
about what is currently to be found at the site of the 
proposed work may not be provided. Contractors are 
usually advised in the “Instructions to Bidders” to sat-
isfy themselves as to the present condition of the site. 
Furthermore, the size and depth of foundations may 
be defined in detail on the drawings, but there is typi-
cally nothing disclosed about the dimensions and shape 
of the excavations required to accommodate these 
constructions. Before the estimator can measure the 

site work, he or she has to make an assessment of exca-
vation requirements from data in the specifications and 
drawings and from information gathered on visits to 
the site. As the site conditions will also impact the pric-
ing of many other items in the estimate, the estimator 
should use a checklist of items to consider on a site visit 
so that important information is not overlooked. This is 
discussed in Chapter 2 under “Site Visit.”

Soils Report

Another source of site information available on most 
large projects and also on some of the smaller jobs is 
the soils report. The report can sometimes be found 
bound with the specifications, or it may be accessible 
at the design consultant’s office. Even when a soils 
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report is included with the specifications, it is usually 
not a bid document. The estimator is cautioned to read 
the contract documents carefully to determine the true 
status of the soils report because, while some contracts 
contemplate extra compensation to a contractor who 
is misled by information contained in the report, other 
contracts may state that the contractor should not 
rely on information provided by the soils report but 
should make his or her own investigation of subsurface 
conditions. In latter situation the prudent contractor 
has to assess the risk imposed by this contract condition 
and adjust the bid accordingly.

The soils report provides information about 
the subsurface conditions at the site obtained from 
boreholes or other investigations made by the soils 
engineer. The purpose of the report is to furnish data 
about the site that is necessary to undertake the design 
of the foundation system. Indeed, the report usually 
includes advice about the type of foundation systems 
suitable for the conditions encountered. However, the 
information contained in the report can also be very 
useful to the excavator as it not only discloses the type 
of soil that will probably be found at the site, but also 
provides an indication of the moisture content of the 
soil. Both of these factors can profoundly affect the cost 
of excavation work.

A soils report usually begins with an introduction 
identifying the name and location of the project, the 
name of the owner, and the prime consultant, and states 
the objective of the study. Details of the investigation 
follow, including the date the site was examined, the 
method of investigation undertaken, and general details 
of the borehole procedures. Next the report addresses 
the nature of the subsurface conditions encountered and 
goes on to provide comments and recommendations 
about the foundation system, together with detailed 
information about the test hole results.

Bank Measure, Swell, and 
Compaction Factors

The soil that is extracted from an excavation is less 
dense than before it was excavated, so it will occupy 
more space than it did when it was in the ground. For 
example, if a hole of 10 cubic yards volume is excavated, 
the pile of soil removed from the hole might occupy  
13 cubic yards; therefore, 13 cubic yards of material will 
have to be transported if it is required to be removed 
from the site. The difference between the volume of the 
hole and the volume of the material once it has been 
dug out is known as the swell factor.

A similar adjustment factor is required with regard 
to filling operations. If a hole of 10 cubic yards capacity 

is to be filled with gravel, 14 cubic yards of loose gravel 
may be required because the material will have to be 
compacted; that is, it will be more dense after it is 
deposited, and there will also be some wastage of gravel 
to consider. Here the difference between the volume of 
the hole to be filled and the volume of fill material is 
referred to as the compaction factor.

In accordance with the general principle of 
measuring net quantities, excavation and backfill 
quantities are calculated using “bank measure.” “Bank 
measure” amounts are obtained by using the dimensions 
of the holes excavated or filled with no adjustment 
made to the quantities obtained for swell or compaction 
of materials. Swell factors and compaction factors will 
be accounted for when the takeoff items are priced.

Excavation Safety Considerations

The potential danger to workers in trenches and by 
the sides of excavations due to cave-ins of the earth 
embankments is a safety hazard that must be considered 
in every quantity takeoff of excavation work. OSHA’s 
Construction Safety and Health Regulations require 
that the sides of all earth embankments and trenches 
over 5'0" deep be adequately protected by a shoring 
system or by cutting back the sides of the excavations 
to a safe angle. As a consequence, the estimator must 
allow extra excavation for cutting back the face of 
excavations to a suitable angle wherever this is possible. 
Where restricted space or other circumstances prohibit 
cut-backs, the estimator may have to include for a 
system of shoring and bracing, but this is usually an 
inferior choice as it is a far more expensive alternative.

It is important that the estimator carefully 
studies the OSHA requirements for excavations since 
excavation rules are so strongly enforced by OSHA. 
The estimator will also need to consider particular state 
regulations regarding excavation safety requirements, 
as specific details may vary from state to state. For 
instance, some states require that shoring systems, 
over a certain depth, be designed by and constructed 
under the supervision of a professional engineer. This 
requirement will have cost implications that cannot be 
ignored in the estimate.

Cut-and-Fill Software and  
Use of Digitizers

An earthwork takeoff usually begins by measuring 
such items as site clearance of trees, stripping topsoil, 
and such like to prepare the ground surface for 
excavations. Large sites often have some areas that 
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need to be excavated and others that need to be filled 
in order to obtain the ground elevations needed for 
the project.  These operations are generally known as 
cut and fill. One way to quickly calculate cut-and-fill 
volumes directly from hard-copy site plans that contain 
information about existing site elevations is to use 
a digitizer tool. Digitizers are electronic devices that 
enable the user to take measurements from drawings 
and input the data directly into a computer program. 
There are two main types of digitizers: sonic and tablet. 
Both of these types of digitizers employ a pointer or 
cursor to locate points and lines. With the sonic digitizer, 
the cursor emits a sonic code that is identified by two 
receivers that are used to calculate the precise location 
of the cursor. Using this system, any drawing can be 
scanned regardless of its size or the type of surface it is 
placed on. The sonic receivers have to be set up so that 
there is no obstruction between them and the cursor as 
it travels across the drawing, and the estimator has to 
ensure that measurements recorded are in accordance 
with the scale of the drawing. Clearly, drawings have 
to be drawn to scale for any type of digitizer to provide 
accurate data.

With tablet digitizers, drawings have to be laid out 
on an electronic tablet that identifies the specific location 
of the cursor as it moves over the surface of the tablet. 
Because of the size of construction project drawings, 
tablets as large as 4299  6099 1107 mm  152 mm2 
and larger may have to be used if all the information on 
a drawing is to be accessible at one time.

The information gathered by the digitizer is 
then available for processing in computer programs 
so that lengths, areas, volumes, item counts, and 
sophisticated calculations such as cut-and-fil l 
volumes can be determined swiftly. Digitizers can also 
be linked to estimating software systems and used 
as an alternative to the keyboard for inputting the 
data into the system. Some estimating systems can be 
operated directly from the digitizer, thus eliminating 
any need to handle the keyboard. This setup provides 
a powerful tool for estimators because it allows large 
amounts of data to be quickly and accurately input 
into the computer without having to “key in” long 
lists of numbers.

One of the main disadvantages of the use of 
digitizers is that the accuracy of the system depends 
entirely on the accuracy of the drawings that are 
scanned. A fundamental takeoff principle is that the 
estimator should only rely on scaled dimensions as a 
last resort; sizes may be changed in the design process 
and are often carried out by modifying the figured 
dimensions without changing the actual size of objects 
shown on the drawings to comply with their new 
dimensions. This shortcutting results in drawings that 

wind up out of scale, and the digitizer system that scans 
these drawings generates erroneous output.

On-Screen Takeoff

Another software tool  is available that enables 
estimators to  measure quantities directly from the 
electronic drawings stored on the computer, thus 
eliminating the need for paper-based printouts of 
project plans. Electronic drawings may be in any 
number of file formats, such as bmp, jpg, dwg, dxf, 
pdf, pic, or tif. Using this software and the computer 
mouse, an estimator can electronically measure and 
identify counts, lengths, and areas from their drawing 
files and then go on to calculate volumes, weights, and 
so on as required for an estimate. You can also directly 
link takeoff software to estimating software such as 
Sage Timberline and the MC2® ICE® program. This 
allows the estimator to import dimension information 
from plans straight into the takeoff without having to 
type in the numbers.

Clearly, the advantages of using this software 
are the cost savings from not having to print and 
handle large sets of drawings, the speed of obtaining 
documents from designers, and the convenience of 
having documents that you can mark up and hold on to 
for future reference. But while using electronic drawings 
may eliminate inaccuracies of scale due to printing and 
copying paper drawings, the electronic plans still have 
to be drawn precisely to scale for an accurate takeoff to 
be obtained.

Measuring Notes:  
Excavation and Backfill

	1.	 Measure excavations, backfill, and fill material in 
cubic yards or cubic meters “bank measure”—that 
is, using the actual dimensions with no allowance 
for swell factors or compaction factors of materials.

	2.	 Classify and measure separately excavations in the 
following categories:

a.	 Site clearing

b.	Excavation over site to lower ground elevations 
(cut)

c.	 Basement excavations

d.	Trench excavations

e.	P it excavations 

	3.	 If different types of material are to be excavated in 
any of the above categories, describe and measure 
each particular material separately.
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	4.	 Hand excavation shall be measured separately.

	5.	 Classify and measure separately fill and backfill 
materials in the following categories:

a.	 Fill over site to raise elevations

b.	Backfill to basements

c.	 Backfill to trenches

d.	Backfill to pits

e.	G ravel under slabs on grade 

	6.	 An item of disposal of surplus soil shall be mea-
sured when excess excavated material has to be 
removed from the site. The quantity of this item 
can best be assessed after excavation and back-
fill items have all been measured. At this time the 
total volumes of excavation and common backfill 
will determine the amount of material left over 
from operations.

Alternatively, the price of disposal of surplus 
excavated materials can be included with the 
excavation price, in which case the description shall 
state the type of excavation “including removal of 
surplus soil.” 

Calculation of Cut and Fill Using the 
“Grid Method”

Certainly the fastest, and probably the most accurate, 
way to calculate volumes of cut and fill over a site, 
when true scale drawings are available, is to use an 
electronic digitizer in conjunction with a software 
program specifically for this type of application (as 
discussed previously). Here we consider an alternative 
“manual” method of obtaining the quantities of cut and 
fill beginning with the “grid method.”

Calculation by the “grid method” requires a survey 
of the site showing the elevation of the existing grade at 
each intersection point on the grid. The elevation of the 
required new grade is also plotted at each intersection 
point, and from these two elevations the depth of cut or 
fill can then be obtained at each point. From here on, cut 
calculations are separate from fill calculations. To figure 
the volume of cut at an intersection point, the depth of 
cut at this point is multiplied by the area “covered” by 
that intersection point. Then, adding together all the 
individual cut volumes computed in this way will give 
the total volume of cut on the site. Following the same 
process using the fill depths will establish the individual 
and total fill volumes for the site. The area “covered” by 
an intersection point means the area that point applies 
to, as shown in Figure 4.1.

The accuracy of this method of calculating cut-
and-fill volumes depends on the grid spacing; generally, 

the closer the grid spacing, the more accurate the 
results are. However, a closer grid spacing leads to 
more calculations and a longer processing time. As this 
process is very repetitive, the processing time can be 
much reduced by using a computer program to perform 
the calculations.

See Figure 4.2 for a complete calculation of volumes 
of cut and fill over a site using this “grid method” with 
a computer spreadsheet program.

Trench Excavations

The volume of excavation for trenches can be obtained 
by using this formula:

Trench Volume 5 Length of Trench Centerline 
Average Width of Trench  Average Depth of Trench

The sides of trenches are often cut back to a slope 
(laybacks) for safety reasons or simply because the soil 
will not stand vertically without support. Since the 
average width of a cut-back trench is a function of 
the  trench depth, it is advisable to first calculate 
the average depth of the trench. The average depth 
can usually be obtained by deducting the average 
elevation  of the bottom of the trench from the 
average elevation of the ground where the trench is to 
be excavated. (A more accurate approach is discussed 
later under “Greater Accuracy.”)

Figure 4.3 shows a section through a trench that 
is cut back on both sides and the slope of the cut-
back is 1 Horizontal to 2 Vertical. This is a typical 
cut-back (layback) with stable soil comprising hard, 
compact material that will not run into the trench. 
When the soil is not so stable, the angle of cut-
back may have to be widened to a 1:1 slope or even 
greater to prevent loose material from streaming into 
the trench.

As you can see in Figure 4.3, to determine the average 
width of this trench, add 2 times one-quarter of the depth 
to the bottom width. So the average width of a trench cut 
back to a 1:2 slope is equal to the bottom width of the 
trench plus one-half of the depth. When the slope of the 
cut-back is 1:1, the average width of the trench will be the 
bottom width plus 2 times one-half of the depth, which is 
equivalent to the bottom width plus one full depth.

Trench Backfill

Generally the volume of backfill for a trench is 
equal to the volume of excavation minus the volume 
of what is to be contained within the trench. For 
example, a trench for a building is usually excavated 
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Figure 4.1  �Mass Excavation Calculations by Grid Method  
(Delmar/Cengage Learning)

The use of the “grid method” to calculate 
volumes of cut and fill requires the estima-
tor to consider the depth of cut or fill at 
each point where the grid lines intersect 
(station) on the survey grid and then deter-
mine the “area covered” by that station.

At each station on the grid, the elevation 
of the existing grade obtained from the 
site survey is noted in the top right quad-
rant. The elevation of the required new 
grade is noted in the top left quadrant. 
The difference between these grades 
gives the depth of fill or cut at this loca-
tion. If it is a fill, the depth is noted in the bottom right quadrant; if a cut, the depth 
is noted in the bottom left quadrant.

Consider the accompanying survey grid. If the areas formed by the grid lines are 
“A” square feet, the “area covered” by point 1-A is one quarter of area “A,” but 
point 1-B applies to two areas so the “area covered” by this point is two quarters 
of area “A,” and so on as shown. The number of quarters of area “A” that the sta-
tion point applies to is labeled the “frequency” when tabulating this data.

to accommodate a footing and a wall. Therefore, to 
determine the volume of backfill, deduct the footing 
volume and the volume of wall inside the trench from 
the volume of excavation.

When the volume of excavation exceeds the amount 
required for backfill, there will be surplus excavated 
material. Consequently, an item for disposal of surplus 
material is required; this is equal to the difference 
between the volume of excavation and the volume of 
backfill. Note that all the quantities are measured net 

in place with no adjustments for swell factors and 
compaction factors in accordance with the general rules 
for takeoffs.

Trench Takeoff Example 1

Figure 4.4 is a sketch showing the plan of a wall around 
a building and a section drawn though the wall. The 
section provides details of the profile of the trench 
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Figure 4.2  �Sample Calculation Using Computer Spreadsheet Program (Delmar/Cengage Learning)

Mass Excavation Calculations by the Grid Method (Grid 20'  16')
Grid Elevations

	 A	 B	 C	 D	 E
	 4.2	 6.5	 4.4	 5.0	 4.6	 3.0	 4.8	   1.9	 5.0	   2.2
	
	 2.3		  0.6		  1.6			     2.9		    2.8
	
	 4.4	 5.1	 4.6	 3.2	 4.8	 2.8	 5.0	   4.5	 5.2	   5.2
	 0.7			   1.4		  2.0		    0.5	 0.0	   0.0

	 4.6	 3.6	 4.8	 2.0	 5.0	 5.3	 5.2	   7.1	 5.4	   7.9
		  1.0		  2.8	 0.3		  1.9		  2.5

	 4.8	 1.9	 5.0	 4.0	 5.2	 8.2	 5.4	 10.0	 5.6	 10.3
		  2.9		  1.0	 3.0		  4.6		  4.7

	 5.0	 3.0	 5.2	 3.8	 5.4	 6.4	 5.6	   7.0	 5.8	   7.5
		  2.0		  1.4	 1.0		  1.4		  1.7

Tabulation of Results

	 New	 Existing	 Depth	 Depth		  Area	 Volume	 Volume 
Station	 Elevation	 Elevation	 Cut	 Fill	 Frequency	 Constant	 Cut	 Fill

1A	 4.2	 6.5	 2.3	 0.0	 1	 80	   184	     0
1B	 4.4	 5.0	 0.6	 0.0	 2	 80	   96	     0
1C	 4.6	 3.0	 0.0	 1.6	 2	 80	     0	   256
1D	 4.8	 1.9	 0.0	 2.9	 2	 80	     0	   464
1E	 5.0	 2.2	 0.0	 2.8	 1	 80	     0	   224
2A	 4.4	 5.1	 0.7	 0.0	 2	 80	   112	     0
2B	 4.6	 3.2	 0.0	 1.4	 4	 80	       0	   448
2C	 4.8	 2.8	 0.0	 2.0	 4	 80	       0	   640
2D	 5.0	 4.5	 0.0	 0.5	 4	 80	       0	   160
2E	 5.2	 5.2 	 0.0	 0.0	 2	 80	   0	 0
3A	 4.6	 3.6	 0.0	 1.0	 2	 80	 0	 160
3B	 4.8	 2.0	 0.0	 2.8	 4	 80	       0	   896
3C	 5.0	 5.3	 0.3	 0.0	 4	 80	     96	       0
3D	 5.2	 7.1	 1.9	 0.0	 4	 80	   608	       0
3E	 5.4	 7.9	 2.5	 0.0	 2	 80	   400	       0
4A	 4.8	 1.9	 0.0	 2.9	 2	 80	       0	   464
4B	 5.0	 4.0	 0.0	 1.0	 4	 80	       0	   320
4C	 5.2	 8.2	 3.0	 0.0	 4	 80	   960	       0
4D	 5.4	 10.0	 4.6	 0.0	 4	 80	 1472	       0
4E	 5.6	 10.3	 4.7	 0.0	 2	 80	   752	       0
5A	 5.0	 3.0	 0.0	 2.0	 1	 80	       0	   160
5B	 5.2	 3.8	 0.0	 1.4	 2	 80	       0	   224
5C	 5.4	 6.4	 1.0	 0.0	 2	 80	   160	       0
5D	 5.6	 7.0	 1.4	 0.0	 2	 80	   224	       0
5E	 5.8	 7.5	 1.7	 0.0	 1	 80	 136	       0
							       ––––	 ––––
							       5200 cu. ft.	 4416 cu. ft.
							         193 cu. yd.	   164 cu. yd.
							       ––––	 ––––							       ––––	 ––––
Summary

	 Bulk Cut	 —	 193 cubic yards
	 Bulk Fill	 —	 164 cubic yards
	 Dispose Surplus	 —	 29 cubic yards

1

2

3

4

5
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Figure 4.4  Trench Excavation 1 (Delmar/Cengage Learning)
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Figure 4.3  Section through Trench (Delmar/Cengage Learning)
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required to accommodate the wall and the footing below 
the wall. A takeoff of the trenching and backfilling 
work required for this wall is shown in Figure 4.4a.

Because the wall, footing, and trench have the same 
centerline length, the length of the trench can be obtained 
by calculating the wall length. Here we can use the 
method that is outlined in Chapter 3 to determine the 
length of the centerline of this perimeter wall.

The average depth of the trench is obtained by 
calculating the average grade of the ground around 
this building and deducting the required grade for the 
bottom of the wall footings.

As the sides of this trench are cut back to a 1:1 
slope, the average width of the trench is calculated by 
adding together the footing width, the workspace, and 
2 times one-half of the depth.

Figure 4.4a  Trench Excavation and Backfill Takeoff (Delmar/Cengage Learning)

QUANTITY SHEET SHEET No. 1 of 1

JOB:            Trench Example 1 DATE:

ESTIMATOR: DJP EXTENDED: EXT. CHKD:

DESCRIPTION DIMENSIONS

Times Length Width Height

Excavation and Backfill

Centerline

2 × 40 ′– 0′ 80.00

2 × 20 ′– 0′ 40.00

Less  120.00

4 × 1'– 0" (4.00)

116.00

Ave Grade

41.00

40.30

42.90

42.90

167.10

Average = 41.78

Less bottom elev. (38.20)

Depth of Excav: 3.58

Ave. Width

Footing: 2.00

W/S: 2 × 1'– 0" 2.00

C/B: 2 × ½ × 3.58 3.58

7.58

EXCAV TRENCH 116.00 7.58 3.58 3148

117 CY

BACKFILL TRENCH as excav. 3148

(Footing) DDT 116.00 2.00 1.00 (232)

(Wall) DDT 116.00 1.00 2.58 (299)

2617

3.58 97 CY

Less (1.00)

2.58

DISPOSE OF SURPLUS as excav. 3148

DDT backfill (2617)

531

20 CY

...........................

.............................................................

................. ..................

...................
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Figure 4.5  Trench Excavation 2 (Delmar/Cengage Learning)
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Trench Takeoff Example 2

Figure 4.5 is a sketch showing the plan of a wall and 
a section drawn though the wall. The section provides 
details of the profile of a trench to accommodate the 
wall and the footing below the wall. A takeoff of the 
trenching and backfilling work required for this wall is 
shown in Figure 4.5a.

Greater Accuracy

The formula used previously to calculate the volume of 
excavation for a trench gives only an approximation of 
the true volume, but the accuracy obtained is sufficient 
for most estimates. After all, excavators seldom dig 
to the exact shapes and sizes used in the estimates; a 
wide variety of sizes can usually meet the objectives for 
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Figure 4.5a  Trench Excavation and Backfill Takeoff (Delmar/Cengage Learning)

QUANTITY SHEET SHEET No. 1 of 1

JOB:            Trench Example 2 DATE:

ESTIMATOR: DJP EXTENDED: EXT. CHKD:

DESCRIPTION DIMENSIONS

Times Length Width Height

Excavation and Backfill

Centerline

2 × 98.75 197.50

2 × 143.25 286.50

Less  484.00

4 × 0.83' (3.32)

480.68

Ave Grade

115.20

108.60

109.90

111.30

445.00

Average = 111.25

Less bottom elev. (102.50)

Depth of Excav: 8.75

Ave. Width

Footing: 4.50

W/S: 2 × 1'– 0" 2.00

B: 2 ×     × 8.75 2.92

9.42

EXCAV TRENCH 480.68 9.42 8.75 39620

1467 CY

BACKFILL TRENCH as excav. 39620

(Footing) DDT 480.68 2.50 0.83 (997)

(Wall) DDT 480.68 0.83 7.92 (3160)

35463

8.75 1313 CY

Less (0.83)

7.92

DISPOSE OF SURPLUS as excav. 39620

DDT backfill (35463)

4157

154 CY

...........................

.............................................................

................. ..................

...................

excavations. However, it may be useful for calculations 
to be more accurate in some situations. For example, 
when excavations are costing around $5.00 per cubic 
yard, a few yards either way may not be too important, 
but if the excavation is to be filled with concrete that 
can cost as much as $200.00 per cubic yard, taking time 
to calculate the accurate quantity is warranted.

Figure 4.6 shows that there is a difference of nearly 
3% between the volume of trench excavation obtained 

from the estimator’s regular equation and the volume 
obtained from a more accurate calculation.

Pit and Basement Excavations
The volume of excavation for pits or basements can be 
obtained by using this formula:

pit Volume 5 Average Length of pit 
Average Width of pit  Average Depth of pit
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Figure 4.6  Using Simpson’s Rule (Delmar/Cengage Learning)

Length=300'

(C)

(B)

Using the estimator’s formula:
Vol = Length x Ave. Width x Ave. Depth
(Ave. Width = (22.5 + 13.5)/2 = 18)
Vol = 300 x 18 x 12/27 = 2400 CY(A)

Formula from Simpson’s Rule: Volume =  Length/6 [Area (A) + 4 x Area (B) + Area (C)]

Volume =  300/6 [(24 x 15) + 4 x (18 x 12) + (12 x 9)]

Volume =  50 [360 + 4 x (216) + 108]

Volume =  66,600 cf

Volume =  2466.67 CY

18′–0″

Section A

30′–0″

15
′–

0″

12
′–

0″

9′
–0

″

22′–6″ 15′–0″

13′–6″

Section B

9′–0″

Section C

Like trenches, the sides of pit and basement 
excavations are usually cut back, so the same rules 
regarding the slope of the cut-backs (laybacks) and 
safety apply to pits as to trench excavations.

Figure 4.7 shows the calculation for a pit to 
accommodate a structure of size 369099  329099  in 
soil that is not hard and compact, so the sides of this 
excavation are cut back to a 1:1 slope.

Pit Takeoff Example

Figure 4.8 is a sketch showing the plan of a structure 
and the ground elevation at each corner of this structure. 
The sketch also shows a section drawn though the 
excavation to accommodate this construction.

A takeoff of the excavation and backfilling work 
required for this work is shown in Figure 4.8a. The 
average depth of the excavation is obtained by calculating 
the average elevation of the ground around this structure 
and deducting the required grade for the bottom of the pit.

As the sides of this pit are cut back to a 1:1 slope, 
the average width of the pit is calculated by adding 
together the width of the structure, the workspace, and 
2 times one-half of the depth.

Basement Takeoff Example

Figure 4.9 is a sketch showing the plan of a building 
and a section drawn though the building basement 
showing details of the basement excavation required. 
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Figure 4.7  Volume of Pit Excavation (Delmar/Cengage Learning)

Volume of Pit or Basement Excavations Using the Formula:

Volume  =  Average Length  x  Average Width  x  Average Depth

Ave.
Depth

Depth 3.5′ 32′– 0′′ Depth: 4.5′ 3.5

4.5

6.0

4.0

18.0

Average: 4.5
36

′–
 0

′′

Plan AA  

Depth 4.0′ Depth: 6.0′

Depth (D) Depth (D)

D/2 D/2

1 D
ep

th
 (

D
)

Work
Space1

Section
1′– 0′′

A - A

Average
Length

Average
Width

Average
Depthx x

Stucture: 36.00 32.00 4.50

Workspace: 2 x 1′– 0′′ 2.00 2.00

Cutback: 2 x ½ x 4.5 4.50 4.50

42.50 x 38.50 x 4.50

Volume of Pit  =  42.5 x 38.5 x 4.5  =  7363 /27  =  273 CY

            
            

Average Width
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Figure 4.8  Pit Excavation Example 1 (Delmar/Cengage Learning)

Grade Elev. 125.5 Grade Elev. 127.2

Grade Elev. 126.8Grade Elev. 123.7

Plan of
Structure

24
′–

9′
′

AA

19′– 8′′

Backfill to here

Section
A - A

1

 1 A
ve

. D
ep

th
1´– 0´´
Work
Space

Bottom Elevation 120.0′

Drawing 403
NTS

Note that the strip footing for this building projects 
into the basement excavation so an adjustment has 
to be made to the backfill quantity to account for the 
space taken up by the footing projection.

A takeoff of the basement excavation and 
backfilling work required for this building is shown in 
Figure 4.9a. 

Basement and Foundation Takeoff Example

Figure 4.10 is a sketch showing the plan of a building 
and a section drawn though the perimeter wall with 
its footing; the excavation lines have also been added 
showing the cut-backs and workspace required. The 
excavation is in two parts: a basement excavation down 
to the bottom of the gravel below the slab-on-grade, 

and then the trench below this level is measured. Note 
that the calculation for the basement excavation first 
uses the overall dimensions, including workspace and 
cut-back; then the net area of the cut-out multiplied by 
the depth is deducted. This is a quick way to deal with 
cut-outs.  A takeoff of the basement and foundation 
work required for this building is shown in Figure 
4.10a. 

Measuring Notes: Piling

Piling is often subcontracted out to companies 
specializing in this work, in which case the subtrade 
may provide a lump sum for the complete piling system. 
However, even when such a lump-sum quote for the 
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Figure 4.8a  Pit Excavation Takeoff (Delmar/Cengage Learning)

QUANTITY SHEET SHEET No. 1 of 1

JOB:            Pit Excavation Example 1 DATE:

ESTIMATOR: DJP EXTENDED: EXT. CHKD:

DESCRIPTION DIMENSIONS

Times Length Width Height

Excavation and Backfill

...........................

.............................................................

................. ..................

...................

Ave. Grade

125.50

127.20

126.80

123.70

503.20

Ave: 125.80

(120.00) Btm of excav.

5.80 Depth of excav.

24.75 19.67

W/S 2 x 2.0 4.00 4.00

C/B 2 x ¼ x 5.80 5.80 5.80

34.55 29.47

EXCAV. PIT
34.55 29.47 5.80 5905

5905

219 CY

BACKFILL PIT as excav. 5905

DDT 24.75 19.67 5.80 (2824)

3082

114 CY

DISPOSE OF SURPLUS as excav. 5905

DDT backfill (3082)

2824

105 CY

work is obtained, the general contractor will possibly 
have to perform some work in connection with this 
trade. Typical general contractor items in connection 
with piling include the following:

a.   Lay-out of piles

b.   Cutting off the tops of piles

c.   �Removing the excavated material produced in  
piling operations 

If these, or any other work items, are required of 
the general contractor, they should be measured in the 
general contractor’s takeoff.

Some piling subtrades are reluctant to offer a lump-
sum price for the work but will quote on a per pile or a 
per linear foot basis for the type of pile specified. In this 
case the contractor will have to measure the pile work, 
specifying the type and size of pile required and measuring 
both the number and total length of each type of piling.
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Figure 4.9  Basement Excavation Example (Delmar/Cengage Learning)

Elev. 95.3′ Elev. 94.8′

AA

Plan of
Structure

82
′-8

′′

41
′–

 0
″

Elev. 96.2′

Elev. 95.3′
72′ – 6″ 20′ – 0″

1′– 0″ Projection (Typ.)

Backfill to here

Section
A - A

  2

       1 

1′– 0″

2′– 0″ Bottom of Excavation Elevation 90.0′
Work
Space

Drawing 404
NTS

If the general contractor is to perform the piling 
work, a more detailed takeoff of bearing piles or sheet 
piling is required in accordance with the following rules 
of measurement.

Bearing Piles, Generally

	1.	 Measure bearing piles in linear feet or meters 
from tip to cut-off level along the axis of the pile. 
Classify piles as to type, section, and length.

The price per unit of length covers the costs of 
all handling, pitching, and driving the piles.

	2.	 Include a separate lump-sum item for the cost of 
supplying pile-driving equipment.

	3.	 Measure separately batter piles, piles not fully 
embedded, piles driven in water, or piles driven 
under other special circumstances.

	4.	 Where considered desirable, measurement may be 
subdivided into (a) supply of piling materials and 
(b) handling and driving. Where this is done, the 
measurement of the supply item shall be on the 
basis of specified lengths as a minimum, that is, 
without deduction for cut-off.

	5.	 Enumerate splicing of piles.

	6.	 Enumerate lengthening of piles stating the addi-
tional length.
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Classification of Bearing Piles

	7.	 Bearing piles shall be classified under one of the 
following headings, with separate descriptions and 
measurements for each:

		  a.   Round timber piles

		  b.   Sawn timber piles

		  c.   Steel piles

		  d.   Precast concrete piles

		  e.   Precast prestressed concrete piles

		  f.   �Poured-in-place concrete piles (no permanent 
casing)

		  g.   Concrete-filled shell or pipe piles, closed end

		  h.   Open-end concrete-filled steel pipe piles

		  i.   Caisson piles

Figure 4.9a  Basement Excavation Takeoff (Delmar/Cengage Learning)

QUANTITY SHEET SHEET No. 1 of 1

JOB:            Basement Excavation Example DATE:

ESTIMATOR DJP EXTENDED: EXT. CHKD:

SNOISNEMIDNOITPIRCSED

TIMES Length Width Height
Excavation and Backfill

Ave. Grade

95.30

94.80

95.30

96.20

381.60

Ave: 95.40

(90.00) Btm of excav.

5.40 Depth of Excav.

72.50

20.00

92.50 82.67

W/S 2 x 2.0 4.00 4.00
C/B 2 x ¼ x 5.40 2.70 2.70

99.20 89.37

EXCAV. BSMT 99.20 89.37 5.40 47,874
DDT 20.00 41.00 5.40 (4428)

43,446

1,609 CY

BACKFILL BSMT 644,34.vacxesa

DDT 92.50 82.67 5.40 (41294)

Length of Projection ADD 20.00 41.00 5.40 4,428

2 x 92.5 =  185.00 DDT 354.34 1.00 1.00 (354)

2 x 82.67 =  165.34 6,226

YC13243.053

4 x 2 x 0.5 =     4.00
354.34

DISPOSE OF SURPLUS 644,34.vacxesa

)6226(llifkcabTDD

37,220

1,379 CY
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Figure 4.10  �Basement and Foundation Excavation Example  
(Delmar/Cengage Learning)

51′– 10′′

Plan Area

16′– 0′′

93
′–

 6
′′

   12′′ Masonry Wall

31
′–

 6
′′

   Wall  6′– 0′′ High
1′

–6
′′

Section

1

1

2′– 0′′ 6′′ Concrete

4′′ Gravel

Continuous Footing  1′– 8′′ × 1′– 0′′

1′– 0′′
Drawing 405

NTS

		  j.   Composite or combination type piles

		  k.   Special and patented type piles 

Timber Piles

	 8.	 Timber piles shall be measured in linear feet or meters.

	9.	 Piles shall be described as to species and the size of 
butt and tip.

10.	 Where piles are treated with preservative, describe 
the required type, such as creosote.

11.	 Provide details of any special requirements such as 
pointing and/or shoeing of piles and ringing with 
steel bands, and then enumerate these requirements.

12.	 Enumerate cutting-off tops of timber piling. 
Describe any treatment required for pile butts.

13.	 Enumerate and describe splices in wood piles.

Steel Piles

14.	 Steel piles shall be measured in linear feet or meters.

15.	 Steel “H” piles or other shapes of all-steel bearing 
piles shall be described according to section, size, 
and weight.

16.	 Where steel piles are required to be painted or 
otherwise treated or protected, describe the required 
treatment.

17.	 Enumerate cutting-off tops of steel piling. Describe 
any treatment required for pile butts.

18.	 Enumerate and describe splices in steel piles.

Precast Concrete Piles

19.	 Precast concrete piles shall be described and 
measured in linear feet or meters.
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Figure 4.10a  �Basement and Foundation Excavation Takeoff  
(Delmar/Cengage Learning)

QUANTITY SHEET SHEET No. 1 of 1

JOB:            Foundation & Basement DATE:

ESTIMATOR: DJP

DESCRIPTION DIMENSIONS

Times

...........................

............................................................. ...................

   93.5   ×   51.83   ×    6.00

 <1.50>

W/S  2  ×  2.00    4,00         4.00

C/B    4.50         4.50

102.00   ×   60.33   ×   4.50

Excav. Bsmt. 102.00 60.33 4.50 27,691

DDT 31.50 16.00 4.50 –2,268

25,423

942 CY

B/Fill Bsmt.

  As Excav. 25,423

DDT 4,342 SF     × 4.50 –19,539

93.50  ×   51.83   = 4,846 5,884

Less 31.50  ×    16.00  = (504) 218 CY

4,342

Dispose of Surplus   As Excav. 25,423

DDT     B/Fill –5,884

19,539

724 CY

Centerline

 2  ×  93.50 187.00

 2  ×  51.83 103.66

Less 290.66

  4  ×  1.00 (4.00)

286.66

Excav. Trench 286.66 3.67 1.00 1,052

1.67 1,052

2.00 39 CY

3.67

B/Fill Trench    As Excav. 1,052

DDT 286.66 1.67 1.00 –479

573

21 CY

Dispose of Surplus   As Excav. 1,052

DDT     B/Fill –573

479

18 CY

20.	 The units of measurement for precast concrete piles 
are to be as follows:

		  a.   �Supply and delivery of piles, complete, based on 
the lengths ordered by the engineer—per linear 
foot or meter.

		  b.   �Handling and driving of piles, based on lengths 
below cut-off—per linear foot or meter.

		  c.   Cutting-off piles—number. 

Poured-in-Place Concrete Piles

21.	 Poured-in-place concrete piles shall be measured 
from the top of the concrete to the base of the 
excavated shaft or driven temporary casing tube.

22.	 Describe the piles and note any special base or bulb 
that is required.

23.	 Include in the description details about shell type 
and thickness, internal reinforcement, and so on.
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24.	 Enumerate trimming tops and cutting-off tops of 
poured-in-place concrete piles.

25.	 Separately measure pile shoes, plates, or points; 
similarly any pile caps or dowels. 

Sheet Piling, Generally

	1.	 Sheet piling shall be described and measured in 
square feet or square meters; classify as to type, sec-
tion, and length. The net area of the piles shall be 
measured along the centerline from tip to cut-off 
level as placed in position.

	2.	 Separately measure piles driven under differing con-
ditions; piles not fully embedded; piles in confined 
areas; piles driven to a batter; and piles driven over 
water, or under any other special circumstances.

	3.	 Where considered desirable, measurement may 
be subdivided into (a) a supply of piling materials 
and (b) handling and driving. Where this is done, 
the measurement of the supply item shall be on the 
basis of specified lengths as a minimum, that is, 
without deduction for cut-off.

	4.	 Measure withdrawing of piles as described under 
“Extraction of Piles.”

	5.	 Cutting off of sheet piling shall be measured in lin-
ear feet or meters along the centerline of the piling.

	6.	 Splices shall be described and measured by number.

	7.	 Timber sheet piling, concrete sheet piling, and steel 
sheet piling shall all be measured according to the 
foregoing principles.

Extraction of Piles

	8.	 If piles are to be extracted, separately measure each 
type and section of pile on the basis of linear mea-
surement for bearing piles and area measurement 
for sheet piles. 

Drawings

Figure 4.11 is a set of drawings for a project comprising 
a single-family house, and Figure 4.12 is a set of 
drawings for an office/warehouse project. The takeoff 
examples in this chapter and in the chapters that follow 
are based on these drawings.

Sitework Takeoff

Example 1: The House Project

Refer to Figure 4.13a for excavation and backfill 
takeoff. The site of this house has 6" of topsoil, 

and operations will begin by stripping the 
topsoil from the lot and stockpiling it on site. 
After the house is constructed, the topsoil will 
be spread over the lawn area as a base for future 
sodding. 

Comments on the Takeoff Shown  
in Figure 4.13a

	1.	 No calculations are required for the stripping top-
soil item, so this can be measured directly.

	2.	 The average ground level over the area of the house 
is calculated from the elevations at the four corners 
of the house.

	3.	 The depth of the basement excavation will extend 
from the ground level over the area of the house 
down to the level of the underside (u/s) of the 
gravel below the basement slab. The elevation 
of the underside of the gravel is not provided on 
the drawings, so we have to determine it from the 
information given:

The elevation of the top of the main 
floor:

100.0

(this is indicated on the site plan)

Minus: the thickness of the floor 
sheathing:

2 3>4"

  the depth of the joists: 2 91>4"

  the sill plate thickness: 2 11>2"

  the height from footing to joists: 2 8'0"

  the depth of the gravel: 2 6"

2 9'51>2"

So elevation 100.0 2 9'51
2" gives an elevation 

of 90'61
2".

Then the difference between the average 
ground level and the elevation of the bottom of the 
gravel gives the depth of the basement excavation:

97'3"
2 90'61

2"

Depth of excavation:            6'81
2"

4.	 The length and width of the basement excavation 
are based on the size of the house, so we start with 
the dimensions of the house to the outside of the 
walls shown on the basement plan.

There is a 2'0" jog in the front wall of the 
house, which (theoretically) reduces the size of the 
basement excavation but can be ignored as the exca-
vator will probably not make any adjustment for it.
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Figure 4.13a  �Excavation and Backfill Takeoff for House  
Example (Delmar/Cengage Learning)

QUANTITY SHEET SHEET No. 1 of 2

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION DIMENSIONS

Times

Excav. & Backfill

Strip Topsoil 100.00 50.00 0.50 2,500

93 CY

48.75 36.75 6.75 12,093

448 CY

2.673 2.67 0.33 7

133.33 2.00 0.17 45

52

2 CY

Elev. of Ave Grade

Ave:

Less   <0.50>  Topsoil ′oor - ceiling 8 ′  0 ′′

Less   <90.55> 90 ′ 6.5′′

Elev. U/S of Gravel

97.17

97.17

T.O. Floor Elev. 100' 0"

Less

98.33 0.75′′

98.33

97.75 

97.25 

sheathing

9.25 ′′joists

1.5 ′′sill

6′′ <9 ′ 5.5′′>gravel

Size of excavation

Perim Centerline

Excav. Bsmt

Hand Excav.

pad ftgs

Less 4 x 8 ′′ <2 ′ 8 ′′>

133 ′ 4 ′′

...........................

............................................................. ...................

6.70 deep (say 6 ′ 9 ′′)

40 ′ 0 ′′  ×  28 ′  0 ′′

w/s 2 × 1′ 0 ′′         2 ′ 0 ′′       2 ′ 0 ′′

C/B 2 x ½ × 6 ′9 ′′         6 ′ 9 ′′       6 ′ 9 ′′

48 ′ 9 ′′  ×  36 ′ 9 ′′

2 x 28 ′ 0 ′′       56 ′ 0 ′′

2 x 40 ′ 0 ′′       80 ′ 0 ′′

outside     136 ′ 0 ′′

5.	 A 1'0" wide workspace is allowed outside of the 
foundation walls, and an allowance is also made 
for cutting back the sides of the excavation. (See 
Figure 4.13b.)

6.	 The top of the perimeter footings, top of the pad 
footings, and top of the gravel under the basement 
slab are all level, but the perimeter footings extend 
2" deeper than the gravel and the pad footings are 
4"deeper. To obtain this extra depth, an item of 
hand excavation is taken.

7.	 The volume of the hand excavation for the 
perimeter footing 5  the centerline   the width 
of the footing   the 2" depth.

The centerline calculation shows the perimeter 
on the outside of the wall to be 136'0"; less the 
adjustment for the corners of 2'8" gives 133'4". 
This centerline length will be used a number of 
times in the takeoff.
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Figure 4.13a  �continued

QUANTITY SHEET SHEET No. 2 of 2

JOB:            

ESTIMATOR:

DESCRIPTION   DIMENSIONS
TIMES

Extr Perim: 136.00

Add

4 × 2 × 1′0 ′′ 8.00

144.00

6′′ Dia Drain Tile 144.00 144 LF

Drain Gravel 144.00 2.00 2.00 576

21 CY

Backfill Bsmt as excav 12,093

DDT 20.17 26.00 6.75 (3,540)

DDT 19.83 28.00 6.75 (3,748)
DDT drain gravel (576)

4,229

157 CY

House Example DATE:

DJP...........................

............................................................. ...................

8.	 A footing drain is located 1'0" outside of the 
foundation wall so the length of this drain is 
calculated from the outside perimeter of the 
house:

                                        136’0”

plus the adjustment for corners:

4 corners  2>1.0 extra at each corner gives:          8’0”

                                           144’0”

9.		�  The footing drain is required to be surrounded by 
drain gravel so an area 29099  29099  is allowed 
around the pipe.

10.	 Finally, the amount of backfill around the foundations 
is calculated by deducting from the volume of 
basement excavation the volume displaced by the 
building and the volume displaced by the drain gravel.

Note that the abbreviation “DDT” (Figure 4.5, 2 of 2) 
indicates a deduction, and the amount of the deduction 
is placed in brackets. 
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Example 2: The Office/Warehouse Project

The following information was gathered from a 
visit to the site of the proposed office/warehouse 
project and from the specifications:

1.	� The site is clear of trees and any other 
obstructions.

2.	� The grade slopes as indicated by the contours 
on the site plan.

3.	� The ground has a sparse grass covering with 
about 6" of topsoil.

4.	� The soil at the site is a cohesive clay-sand 
mixture.

5.	� Excavations will not extend below the water 
table, but a rainfall will entail dewatering of 
excavations.

6.	� Fill below slabs and paving shall be approved 
granular material. 

The takeoff begins with the measurement of topsoil 
to be stripped from the building area and the paved 
parking areas around the building. 

Comments on the Takeoff Shown in 
Figure 4.14a

	 1.	 Because of the slope of the site, part of the building 
area will have to be cut and part filled. By interpolat-
ing between the contours shown on the site plan, one 
can find the elevation of the existing grade at each 
corner of the building (see Figure 4.14b).

As the elevation of the top of the main floor is 
3412.0, and there is 6" of concrete and 6" of gravel 
below this; the elevation of the underside of the 
gravel is 3411.0. The contour where the cut meets 
the fill (the cut/fill line) will be 3411.5 because 6" 
of topsoil is removed before cut-and-fill operations 
begin. The approximate location of this cut/fill line 
is also shown in Figure 4.14b.

To facilitate the calculation of volumes of cut 
and fill, the area has been divided into five areas 

(zones). The average grade of each zone is then 
calculated, and from this the depth of cut or fill for 
the zone is obtained.

	 2.	 On this project the specifications do not allow exca-
vated material to be used as fill under slabs, so “gran-
ular” fill is measured. This will be an imported gravel 
material that meets specification requirements.

	3.	 Because the office has a different foundation system 
from the warehouse, the excavation for the office is 
kept separate from that of the warehouse.

	4.	 The foundations around the office extend 4'8" 
below the floor level, but the ground level is 1'0" 
below the top of the floor (6" concrete + 6" of 
gravel), so the depth of the excavations is 3'8".

	5.	 As this depth of excavation is shallow (less than 
5'0") and the soil is cohesive, a minimum work-
space of 1'0" is allowed from the face of footings.

	6.	 Although the excavation around the perimeter of 
the office will be a single trench, the trench will be 
wider where the pad footings are located, so exca-
vation for the pads is measured first, and then exca-
vation between the pads is calculated by taking the 
full perimeter and deducting excavations for the 
pads. See figure 4.14c.

	7.	 Excavation for isolated pads (pits) is measured 
separately as this will probably be more expensive 
than a continuous trench. Note that the depth of 
the inside pads (F3) is only 2'8" below the top of 
the floor less 1'0" (concrete slab and gravel), which 
gives 1'8" depth of excavation.

	8.	 Backfill quantities are obtained by deducting from 
the excavation volumes the space taken up by 
the footings, the walls, and the pilasters up to the 
ground level.

	9.	 A 2'0" deep grade beam with a 4" deep void form 
below it is required to the north, south, and east 
sides of the warehouse. This calls for a 1'4" deep 
trench. Note that the centerline calculation only 
accounts for two corners as this is not a full perim-
eter calculation.

10.	 The perimeter trench is widened at the pilasters as 
shown in Figure 4.14c. 

 SUMMARY

�� The estimator has to make an assessment of site-
work requirements based on what is shown on the 
plans and in the specifications, but there is usually 
very little detail of excavation requirements pro-
vided on the bid drawings.

�� The estimator’s site visit will be another useful 
source of information about sitework requirements 

for the project. A checklist should be used to ensure 
that all of the important items of information are 
obtained on the visit.

�� A soils report will usually be available with large 
projects. It should be carefully studied to determine 
the soil conditions likely to be encountered in the 
excavation work.
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Figure 4.14a  Sitework Takeoff (Delmar/Cengage Learning)

Site Area (To Property Lines)

20.00

30.00 10.00

30.00 30.00

190.00 160.00

30.00 25.00

300.00  ×      225.0

Strip Topsoil 6" deep

 (X-Overs) 3 40.00 20.00 0.50 1200

34950

1294 CY

86.00 64.00 0.50 1376

82.00 50.00 0.65 2665

4041

150 CY

114.00 75.00 1.43 12227

86.00 43.00 0.35 1294

36.00 50.00 0.20 180

13701

507 CY

Cut and Fill Zones

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5

11.50

12.60

11.50

11.50

11.50 11.50 11.30 10.30

11.50 13.00 11.50 11.50

11.50 9.50

33.90 36.00 10.30 9.00

40.3044.6048.60

13.00 10.90

12.15 11.30 12.00 11.15 10.08

11.50 11.50 11.50 11.50 11.50

0.65 – 0.20 0.50 – 0.35 –1.43

(Fill) (Fill) (Fill)

Bulk Excav Zone 1

Zone 3

Zone 2

1/2

1/2

Zone 3

Zone 5

100.00

64.00

82.00

Gravel Fill

75.00

– 64.00

11.00

75.00 200.00

86.00 – 86.00

43.00 114.00

QUANTITY SHEET SHEET No. 1 of 3

JOB:            Office/Warehouse DATE:

ESTIMATOR: DJP

DESCRIPTION DIMENSIONS

Times

Building Excav. & Backfill

...........................

............................................................. ...................

300.00 225.00 0.50 33750

Ave:

Ave:

Ave:

Less:
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Figure 4.14a  continued

QUANTITY SHEET SHEET No. 2 of 3

JOB:            Office/Warehouse DATE:

ESTIMATOR: DJP

DESCRIPTION DIMENSIONS

Times

...........................

............................................................. ...................

Office Excav.

Pads F2 Pads F3 Strip Ftgs

Depth

Excav Pads F1

3.50 4.00 5.00 2.00

4.67 +W/S 2.00 2.00 2.00 2.00

(1.00) 5.50 6.00 7.00 4.00

3.67

Excav Trench

Office Perim

32273.674.00219.83200.00

100.00 4935

300.00 183 CY

(2.67)

297.33

(27.50) Excav Pits

(F1) 5 5.50 5.50 3.67 555

(F2) 6 6.00 6.00 3.67 793

(F3)

(Strip Ftg)

2 7.00 7.00 3.67 360

(F3) 3 7.00 7.00 1.67 245

5 5.50 5.50 151

6 6.00 6.00 216

2 7.00 7.00 98

3 7.00 7.00 147

219.83 4.00 879

(36.00) 9 CY

(14.00)

219.83

Trim Btm of Excav

Backfill Trench

1492 SF

as excav. 4935

DDT

Strip Ftg DDT

297.33 DDT

(17.50) DDT

(24.00) DDT

(10.00) DDT

245.83 DDT

(F1) (5) 3.50 3.50 0.67 (41)

(F2) (6) 4.00 4.00 0.67 (64)

(F3) (2) 5.00 5.00 0.67 (34)

(Strip Ftg) (1) 245.83 2.00 0.67 (329)

(Wall) (1) 297.33 0.67 3.00 (598)

(Pils 1) (4) 0.67 0.67 3.00 (5)

(Pils 2) (9) 1.33 0.67 3.00 (24)

3839

142 CY

less

 2 x 100'

 2 x 50'

Less

 4 x 0.67

Less

 5 x 5.5'

 6 x 6.0'

 2 x 7.0'

Less

 5 x 3.5'

 6 x 4.0'

 2 x 5.0'
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Figure 4.14a  continued

QUANTITY SHEET SHEET No. 3 of 3

JOB:            Office/Warehouse DATE:

ESTIMATOR: DJP

DESCRIPTION DIMENSIONS

Times

...........................

............................................................. ...................

Backfill Pits

Excav. Trench

Trim Btm of Excav

Backfill Trench

Backfill Pits

Excav. For Warehouse

Excav

Depth

2.00 2 x 200' 400.00

0.33

2.33

add

less

75.00

473.67

469.25

1.33

475.00 (Length of Grade Beam)

as ecav. 245

183

7 CY

1780

66 CY

as ecav. 1780

as ecav. 112

DDT

DDT

DDT

DDT

DDT

DDT

(F3) (3) 5.00 5.00 0.67 (50)

469.25 2.67 1.33 1666

16 4.00 1.33 1.33 113

469.25 2.67 1253

1450 SF

4.00 1.33 85

7

16

4.00 4.00 112

(Pils3)

(Pils)

(3) 2.00 2.00 1.00 (12)

(G.B.) (1) 473.67 (422)

(Pils 1) (2) 1.33 (2)

(Pils 3) (16) 2.00 (43)

(Pils 4) (2) 1.33 (4)

0.67 1.33

0.67 1.00

1.33 1.00

1.33 1.00

DDT (Pilecaps) (7) 2.00 (28)2.00 1.00

1310

49 CY

84

3 CY

(1.00)     less    2 x 0.67        (1.33)

less    2.08 + 2.33  (4.42) (Overlap with office excav.)

Length

Trench

Excav Pits (F5) 7 4.00 4.00 1.00 112

112

4 CY
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Figure 4.14c  �Dimensions at Grade Beam Pilaster  
(Delmar/Cengage Learning)

Figure 4.14b  Site Elevation for Office/Warehouse (Delmar/Cengage Learning)

�� Because soil expands when it is excavated, a swell 
factor is used to calculate the increased volume of 
material after it has been excavated.

�� Similarly, a compaction factor is used to calculate 
the total amount of material required to backfill 
excavations with compacted soils or gravels.

�� Excavation and backfill quantities are measured 
using bank measure quantities with no allowance 
for swell factors or compaction factors at the time 
of the takeoff.

�� It is important that the estimator carefully stud-
ies the OSHA requirements for excavations to 
ensure that the sitework takeoff reflects these 
requirements.

�� The efficiency of the sitework takeoff, especially 
cut-and-fill operations, can be much increased 
by using a digitizer, an electronic device that 
enables you to take measurements from draw-
ings and input these data directly into a computer 
program.
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�� In general, items of excavation, backfill, and fill 
materials are measured in cubic yards or cubic 
meters bank measure.

�� The “grid method” may be used to calculate vol-
umes of cut and fill over a site. This requires a 
survey showing the elevation of the existing 
grade at each intersection point on the grid. The 
elevation of the required new grade is also plot-
ted at each intersection point, and from these 
two elevations the depth of cut or fill can then 
be obtained at each point. From here on, cut cal-
culations are separate from fill calculations. To 
figure the volume of cut at an intersection point, 
the depth of cut at this point is multiplied by the 
area “covered” by that intersection point. Then, 
adding together all of the individual cut volumes 
computed in this way will give the total volume 
of cut on the site.

�� The volume of trench excavation can be calculated 
by multiplying the centerline length of the trench by 
the average width by the average depth.

�� The volume of pit or basement excavation can be 
calculated by multiplying the average length of the 
pit by its average width by its average depth.

�� Piling work is usually subcontracted, in which case 
the general contractor’s work in connection with 
this trade would be restricted to the following:

a.	 Layout of piles

b.	Cutting off tops of piles

c.	 Removing the excavated material produced in 
piling operations 

�� Bearing piles are measured in linear feet or in linear 
meters and are classified as follows:

a.	 Round timber piles

b.	 Sawn timber piles

c.	 Steel piles

d.	Precast concrete piles

e.	P recast prestressed concrete piles

f.	P oured-in-place concrete piles (no permanent 
casing)

g.	 Closed-end concrete-filled shell or pipe piles

h.	Open-end concrete-filled steel pipe piles

i.	 Caisson piles

j.	 Composite or combination type piles

k.	 Special and patented type piles 

�� Sheet piling is measured in square feet or square 
meters. 

 REVIEW QUESTIONS

	 1.	Why is the process of measuring excavation differ-
ent from measuring the work of other trades?

	 2.	Why is it important for the estimator to carefully 
examine the site of the work before the estimate is 
prepared?

	 3.	What is the purpose of a soils report, and how can 
the information it contains assist the estimator?

	 4.	Explain the meaning of the following terms as they 
relate to the estimating process:

a.	 Bank measure

b.	Swell factor

c.	 Compaction factor

d.	Cut and fill 

	 5.	Why is it important for an estimator to be knowl-
edgeable of the OSHA requirements regarding 
excavations?

	 6.	Describe the use of digitizers and explain the differ-
ence between the two main types of digitizers.

	 7.	What is required before calculations of cut-and-fill 
volumes can be made using the “grid method”?

	 8.	Discuss the advantages and disadvantages of cal-
culating volumes of cut and fill by using the 
“grid method” rather than by using the “section 
method.”

	 9.	What piling work is often performed by the general 
contractor even when there is a piling subcontrac-
tor employed on the project?10. Why is it critical 
to accurately calculate the centerline of a perimeter 
foundation to a building? 

11.	 Figure 4.15 shows the plan of a site that is 
64'  160' overall, with a grid laid out as shown. 
The elevation (in feet) of the existing grade is shown 
at each intersection point on this grid. Calculate the 
volume of cut and the volume of fill in cubic yards 
required to bring this site to the new grades shown 
on the plan.
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CHAPTER

5

MEASURING CONCRETE WORK

 OBJECTIVES

After reading this chapter and completing the review questions, you should be able to do the following:

•	 Explain how concrete work, formwork, and 
associated items are measured in a takeoff.

•	 Explain how concrete and formwork are 
classified in the takeoff process.

•	 Measure concrete foundations from drawings 
and specifications.

•	 Describe how reinforcing steel is measured.
•	 Complete a takeoff of concrete foundations 

for a single detached house.
•	 Complete a takeoff of concrete foundations 

for a commercial project.

Measuring Concrete Work

Preparing a quantity takeoff of concrete work requires 
the estimator to measure a combination of items—some 
of which are shown on the drawings, while others are 
to be inferred from the drawings. When drawings are 
well prepared, items of concrete such as footings, walls, 
and columns are clearly shown, but nowhere on the 
drawings will the estimator find details of the form-
work required for this work. The assessment of form-
work requirements will be based on the estimator’s 
knowledge of what is required for each of the different 
concrete components.

Because the concrete is detailed on the drawings, 
it makes sense to begin the takeoff by measuring the 
volume of concrete in an item. Then, after the concrete 
dimensions are defined, consider the formwork require-
ments, followed by the finishes that are needed and so 
on. Also, in accordance with the basic principles pre-
viously discussed regarding taking off by assembly, a 
good practice is to measure all work associated with 

one concrete assembly before passing on to consider the 
next assembly.

For example, if there are concrete footings, walls, 
and columns to consider on a project, we would 
begin with the footings. First we would ascertain the 
dimensions of footing concrete from the drawings, 
then reuse these dimensions to calculate the area of 
formwork and the length of keyway required and 
conclude this assembly by measuring anything else 
associated with the footings. After the work on the 
footings is measured, we would turn our attention to 
the walls and measure all the items associated with 
them. Finally, we would deal with the columns in the 
same way.

This approach allows the estimator to focus on one 
piece of work at a time and fully understand all of its 
requirements before moving on to the next item. Alter-
native approaches such as measuring all the concrete 
volumes and then all the formwork areas require the 
estimator to be constantly jumping about from one type 
of item to another. He or she may have to come back to 

99395_ch05_ptg01_087-103.indd   87

www.TechnicalBooksPDF.com



88	 CHAPTER 5    MEASURING CONCRETE WORK

footings three or four times with this method, which is 
not an efficient way to proceed.

Measuring Notes: Concrete

In general:

	1.	 Concrete shall be measured in cubic yards net in 
place. Calculate the volume of concrete from the 
dimensions given on the drawings with no adjust-
ment for “add-on” factors. Additional material 
required because of spillage, expanding forms, and 
wastage will be accounted for later in the pricing 
process by means of a waste factor added to con-
crete items.

One exception to this general rule applies to 
the situation where concrete is placed on rock or 
shale. In this case, the “overbreak” in the excava-
tion is generally required to be filled with concrete 
and, as this volume will not be indicated, the esti-
mator will have to add an assessed amount to the 
quantity of concrete to allow for this “overbreak.”

	 2.	 Do not adjust the quantity of concrete for reinforc-
ing steel and insets which displace concrete. Also, do 
not deduct for openings in the concrete that are less 
than one cubic foot (0.05 cubic meters) of volume.

	3.	 Classify concrete and measure separately in the  
following categories:

a.	 Underpinning

b.	 Pile caps

c.	 Isolated footings

d.	 Continuous footing

e.	 Retaining walls

f.	 Grade beams

g.	 Columns and pedestals

h.	 Beams

i.	 Slabs on grade

j.	 Suspended slabs

k.	 Floor toppings

l.	 Stairs and landings

m.	 Curbs

n.	 Manholes

o.	 Equipment bases

p.	 Roads

q.	 Sidewalks

r.	 Other structures not listed 

	4.	 If different mixes of concrete are used in any of the 
categories listed in item 3, measure each mix sep-
arately. For instance, where different strengths of 
concrete are specified for columns on a project, sep-
arately calculate the quantity of concrete for each 
type of concrete in columns (Figure 5.1).

Often on a project all the concrete for a certain 
use, for example footings, is specified as the same 
mix, in which case there is no need to note the mix 
on the takeoff as it will not have to be considered 
until the recap and pricing stage is reached.

Figure 5.1  �Measuring Concrete Walls and Columns  
(Delmar/Cengage Learning)

SLAB ABOVE

BEAMWALL UP TO HERE

COLUMN UP
TO HERE 

SLAB BELOW
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Mixes are further complicated by the differ-
ent types of cement that could be specified. For 
instance, concrete in contact with soil may have 
to be made with type V, sulfate-resisting cement. 
Furthermore, air entrainment may or may not be 
required, to say nothing of super plasticizers. The 
many combinations of variables result in a mul-
titude of possible concrete mixes. To simplify the 
pricing of concrete, the items listed on the recap 
are priced for the cost of placing (labor and equip-
ment) only. A separate list of the amounts of the 
various mixes is prepared, and against each item 
on this list the price of the particular mix of con-
crete is entered. See Chapter 11 for more details of 
concrete work recaps.

	5.	 Where columns and walls extend between the floors 
of a building, measure these components from the 
top of the slab below up to the undersurface of the 
slab or beam above.

	6.	 Beams may be measured separately from slabs, but 
if they are to be poured monolithically with the 
slabs, the quantity of concrete in the beams should 
be added to the slab concrete for pricing. 

Measuring Formwork

The formwork operations involve a number of activi-
ties including fabricating and erecting the forms, strip-
ping, moving, and cleaning and oiling the forms for 
reuse. All of these activities and the materials involved 
are allowed for in the pricing of the forms. The esti-
mator measures the surface area of the concrete that 
comes into contact with the forms; this is known as 
the contact area.

Because only the area of formwork is measured, 
the estimator does not have to be concerned about the 
design of the forms at the time of the takeoff. All that 
needs to be established is which surfaces of the concrete 
require forms. In the past, estimators have agonized 
over such things as whether the bottom of an opening 
or the sloped top surface of a wall needs to be formed. 
If discussion with your colleagues does not provide an 
answer, the prudent estimator will always exercise cau-
tion and allow the forms.

Measuring Notes: Formwork

Generally

	1.	 Formwork shall be measured in square feet of con-
tact area; that is, the actual surface of formwork 
that is in contact with the concrete.

	2.	 Formwork is classified in the same categories as 
those listed for concrete. As an illustration, consider 
a project with concrete footings, walls and col-
umns, forms to footings; forms to walls and forms 
to columns would each be described and measured 
separately.

There are, however, a number of factors that 
may have no effect on the price of the concreting 
operations but do affect the price of formwork and, 
therefore, should be noted. For example, the volume 
of concrete in all walls, whether they are straight 
or curved, will have the same price but the price of 
forms to curved walls will differ from the price of 
straight walls, so the forms to curved surfaces must 
be kept separate.

	3.	 Bulkheads and edge forms shall be measured sep-
arately within these categories, so if there are con-
struction joints required for long lengths of walls, 
the area of bulkheads to form these construction 
joints would be measured separately from the 
wall forms. Similarly, if there are pilasters project-
ing from the walls, the area of the pilasters would 
be calculated and noted separately from the wall 
forms. See Figure 5.2 for different categories of 
formwork in a wall system.

	4.	 Forms to slab edges are measured separately from 
forms to beams and forms to walls, even where 
the edge forms may be extensions of beam or wall 
forms (see Figure 5.3).

	5.	 Where there is an opening in a form system, no 
deduction is made from the total area of the forms 
if the size of the opening is less than 100 square 
feet (10 square meters). Examples of such open-
ings would include openings for windows in walls, 
stairway openings, or elevator shaft openings in 
suspended slabs. The estimator must distinguish 
between what are openings and what are cut outs. 
Openings less than 100 square feet (10 m2) are not 
deducted but all cut outs would be deducted (see 
Figure 5.4).

	6.	 Describe items of formwork that are linear in 
nature, stating their size and measuring their length 
in feet (meters). Grooves, chases, keyways, cham-
fers, and narrow strips of formwork less than  
1 foot wide are measured in this fashion.

	7.	 Describe forms to circular columns giving the diam-
eter and measure in feet (meters) to the height of 
the column. Where columns widen at the top to 
form capitals, describe and enumerate these fea-
tures. It can be useful to draw small sketches of 
complex items such as capitals to clarify exactly 
what is being measured. Include these sketches with 
the other takeoff notes. 
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Figure 5.2  Formwork Categories (Delmar/Cengage Learning)

FORMS TO SIDES
AND FACE OF PILASTER

BULKHEAD
WHERE WALL IS

TO BE CONTINUED

CONCRETE WALL
BLOCKOUT

FORMS
AROUND

OPENINGS

WALL FORMS
TO FACE

OF WALLS

Figure 5.3  Types of Forms (Delmar/Cengage Learning)

SLAB
EDGE
FORM

SLAB
EDGE
FORM

WALL FORMS
EACH SIDE

SLAB SOFFIT
FORMS

BEAM FORMS

Figure 5.4  �Openings and Cut Outs in Formwork  
(Delmar/Cengage Learning)

OPENING AREA

CUT OUT AREA

FLOOR PLAN
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Measuring Notes: Finishes and 
Miscellaneous Work

	1.	 Slab Finishes Slab finishes are measured in square 
feet or square meters of plan area, and vertical 
finishes are measured in square feet of exposed 
surface of concrete.

	2.	 Finishes are first classified in terms of what is being 
finished: slabs, walls, columns, stairs, sidewalks, 
and so on. They are then separated by type of finish: 
wood float, sack rubbed, bush hammered, steel 
trowel, broom finish, and so on. In addition, if floor 
hardeners are required, measure them separately 
describing the type of hardener and the amount in 
lb/100ft2 or kg/10m2.

	3.	 Screeds and Curing Slabs Screeds can be measured 
in square feet or square meters as the plan area of 
the slab, though some estimators prefer to measure 
the length of the individual screed strips. This 
length can easily be obtained by dividing the area of 
the slabs by the spacing of the screed strips.

	4.	 Measure curing slabs and vapor barrier slabs in 
plan area, but because vapor barriers are lapped at 
the edges, an additional 10% is added to the area to 
account for this.

	5.	 Welded Wire Mesh Welded wire mesh shall be 
measured in plan area with an additional 10% 
included for overlaps. If different types of mesh 
are required in different parts of the project, each 
type should be fully described as it is taken off. 
However, if there is only one specification for mesh, 
the takeoff can merely describe W.W.M. and the 
type of mesh considered later at the pricing stage. 

Inserts and Waterstops

	6.	 Many of the items classified as miscellaneous 
metals are required to be imbedded into concrete, 
so installation is measured by the general contractor. 
Individual items such as anchor bolts are described 
and enumerated and items such as dovetail anchor 
slot measured in linear feet

	7.	 Other inserts such as bollards are described and 
enumerated and linear items like waterstops are 
measured in linear feet or meters.

	8.	 Construction joints in walls are often required to 
incorporate waterstops, grooves, and sealants; 
measure these items in linear feet. The takeoff 
of this type of composite construction joint will 
comprise bulkhead forms measured by area plus 
waterstop, forming grooves, and sealant, each 
measured separately.

Here again, a small sketch incorporated into 
the takeoff notes is useful to clarify this kind of 
complex detail.

Expansion Joints

	9.	 Expansion joints are measured in linear feet or 
meters, stating the size of joint and the type of 
material used. If a sealant is required in connection 
with the joint, measure it separately in linear feet or 
meters, stating the size and type of sealant.

Nonshrink Grout

	10.	Grout to anchor bolts and base plates is measured 
in cubic feet or cubic meters. Separately measure 
each different type of grout material.

Saw Cutting Concrete

	11.	 Saw cuts for concrete are measured in linear feet 
or meters, stating the size of the cut. Here it is 
important to note whether old or new concrete is 
to be cut and state what is to be cut: slabs, walls, 
columns, or something else.

Reinforcing Steel

	12.	The tasks of fabricating reinforcing steel and plac-
ing rebar are often subcontracted by general con-
tractors. All subcontractors would perform the 
takeoff and price their work.

	13.	 Bar reinforcing steel is measured in linear feet or 
meters in the takeoff. These measurements are then 
converted to weights by multiplying the length of 
each bar by the unit weight per foot or per meter 
for that bar size. Consult Figure 5.5 for the unit 
weight in lbs per foot for different sizes of rebar. 

Example 1: House

Comments on the Takeoff Shown  
as Figure 5.6

	1.	 The specifications call for same-strength concrete 
(3000 psi) to be used for the footings, walls, and 
slab-on-grade, so the strength is not mentioned in the 
takeoff but is left until the pricing stage to consider.

	2.	 The centerline length of the perimeter footing has 
previously been calculated with the excavation 
work, and the width and height of the footing are 
shown on the drawings; these figures, therefore, can 
be entered directly into the dimension columns.

	3.	 The reinforcing bars in the footings and walls are 
continuous from corner to corner. At the corners 
the bars are spliced using L-shaped bars with 2'0" 
legs, as shown in the small sketch on the takeoff.
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	4.	 Bulkhead forms are measured to the perimeter of 
the window openings, and they are the same width 
as the wall. 

	5.	 The basement slab-on-grade extends to the inside 
of the exterior walls so the thickness of the walls is 
deducted from the outside dimensions to obtain the 
dimensions of the slab.

	6.	 The plan area of the slab is measured for items 
of finishing, screeds, and curing. Items of screeds 
and curing are often not noted on the takeoff but 
are added later when the finishes are listed on the 
recap. The quantity of screeds and curing is easy to 
determine as it is equal to the sum of all the areas of 
floor finishing.

	7.	 The vapor barrier under the slab is also measured 
as the plan area, but the quantity is increased by 
10% to allow for laps in the material.

	8.	 A convenient place to measure the gravel under the 
slab-on-grade is directly after the concrete as it is 
the same area as the concrete—only the thickness is 
different.

	9.	 It is also convenient to measure the sill plate at this 
stage, but this item will be recapped and priced in 
the rough carpentry section. 

Example 2: Office/Warehouse 
Building

Comments on Foundation Takeoff Shown 
as Figure 5.7a

	1.	 Because the office has a different foundation system 
from the warehouse, the foundation for the office is 
kept separate from that of the warehouse.

	2.	 The foundations around the office extend 4'8" 
below the floor level but the ground level is 1'0" 
below the top of the floor (6" concrete + 6" of 
gravel), so the depth of the excavations is 3'8".

	3.	 As this depth of excavation is shallow (less than 
5'0") and the soil is cohesive, a minimum work-
space of 1'0" is allowed from the face of footings.

	4.	 Although the excavation around the perimeter of the 
office will be a single trench, the trench will be wider 
where the pad footings are located, so excavation for 
the pads is measured first, then excavation between 
the pads is calculated by taking the full perimeter and 
deducting excavations for the pads.

	5.	 Excavation for isolated pads (pits) is measured 
separately as this will probably be more expensive 
than a continuous trench. Note that the depth of 
the inside pads (F3) is only 2'8" below the top of 
the floor, which less 1'0" (concrete slab and gravel) 
gives 1'8" depth of excavation.

	6.	 Backfill quantities are obtained by deducting from 
the excavation volumes the space taken up by 
the footings, the walls, and the pilasters up to the 
ground level.

	7.	 A 2'0" deep grade beam with a 4" deep void 
form below it is required to the north, south, and 
east sides of the warehouse; this calls for a 1'4" 
deep trench. Note the centerline calculation only 
accounts for two corners as this is not a full perim-
eter calculation.

	8.	 The perimeter trench is widened at the pilasters, as 
shown in Figure 5.7b.

	9.	 Because the number and location of bollards is not 
clear on the site plan, an addendum is issued by the 
architect indicating that are required for each over-
head door plus and extra three on site for a total of 19. 

Figure 5.5  �Rebar Weights (Delmar/Cengage Learning)

U.S. Standard Reinforcing Steel Bars

Bar Size  
Designation

Weight 
lb per Foot

#3 0.376

#4 0.668

#5 1.043

#6 1.502

#7 2.044

#8 2.670

#9 3.400

#10 4.303
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Figure 5.6a  House Example: Concrete Work (Delmar/Cengage Learning)

QUANTITY SHEET SHEET No. 1 of 2

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

Concrete Work Conc Form Form

strip ftgs pad ftgs

L × W × D 2 × L × D N × 2(L + W)× D

Conc Ftgs 133.33 2.00 0.67 179 179  ---

Pads 3 2.67 2.67 0.83 18  --- 27

196 179 SF 27 SF

7 CY

Form 2 × 4 Keyway 133.33 133 LF

#5 Rebar 2 133.33 267

(Corner angles) 6 × 2 4.00 48

315  × 1.043

2' 328 lbs

2'

Conc Form Wall Bulkheads

L × W × D 2 × L × D N × 2(L + D)× W

Conc Walls 133.33 0.67 8.00 715 2133  ---

(windows) DDT 4 3.00 0.67 1.08 (9)  --- 22

706 2133 SF 22 SF

26 CY

#4 Rebar 4 133.33 533

(Corner angles) 6 × 4 4.00 96

629  × 0.668

420 lbs

40.00 x 28.00

Less

2 × 0.67 <1.33> <1.33>

38.67 × 26.67 Conc Finish

L × W × D L × W

Conc SOG 38.67 26.67 0.33 340 1031

DDT 20.17 2.00 0.33 (13) (40)

327 991 SF

12 CY

............................................

.....................

...................
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Figure 5.6b  �House Example: Concrete Work  
(Delmar/Cengage Learning)

QUANTITY SHEET SHEET No. 2 of 2

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

Screed & Cure as finish 991 SF

6mil Poly VB as finish + 10% 1,090 SF

8 × 8 × 8/8 WWM ditto 1,090 SF

Gravel under SOG 38.67 26.67 0.50 516

DDT 20.17 2.00 0.50 (20)

495

18 CY

2 × 6 Sill Plate 136.00 136 BF

136.0/8.0

 = 17

corners    +6

   23

½″ × 9 ″ A.B.s 23.00 23 No.

............................................

.....................

...................
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Figure 5.7a  Office/Warehouse Example: Concrete Work (Delmar/Cengage Learning)

QUANTITY SHEET SHEET No. 1 of 6

JOB:            Office/Warehouse....................................................................

.................................. ..................... ...................

...................DATE:

ESTIMATOR: DJP EXTENDED: EXT. CHKD:

DESCRIPTION   DIMENSIONS

TIMES Length Width Height

Concrete Work - Office Building

Cont. Ftg Pad Ftg

Conc. Forms Forms

L × W × D  2 × L × H 2 × (L + W) × H

3000psi Conc. Ftgs. (F1) 5 3.50 3.50 0.67 41 --- 47

(F2) 6 4.00 4.00 0.67 64 --- 64

(F3) 2 5.00 5.00 0.67 34 --- 27

(Strip Ftg.) 245.83 2.00 0.67 329 329 ---

468 329 SF 138 SF

17 CY

Form  2 × 4  Keyway 297.33 297 LF

Conc. Wall Forms

L × W × D  2 × L × H

Conc. Walls 297.33 0.67 4.00 797 2379

(Pils 1) DDT 4 0.67 0.67 4.00 7 (21)   (DDT Face)

(Pils 2) DDT 9 1.33 0.67 4.00 32 (48)   (DDT Face)

836 2310 SF

31 CY

Form  Pilasters (Pils 1) 4 1.33 - 4.00 21

(Pils 2) 9 2.67 - 4.00 96

117 SF

1.33

 add 2 × 0.67 1.33

2.67 Conc. Forms

L × W × D 2 × (L + W) × H

3000psi Conc. Ftgs. (F3) 3 5.00 5.00 0.67 50 40 SF

(Pads) 2 CY
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Figure 5.7a  continued

QUANTITY SHEET SHEET No. 2 of 6

JOB:            Office/Warehouse DATE:

ESTIMATOR: DJP EXTENDED: EXT. CHKD:

DESCRIPTION   DIMENSIONS

TIMES Length Width Height

Conc. Forms

L × W × D 2 × (L + W) × H

3000psi Pedistals (P3) 3 2.00 2.00 2.00 24 48

24 48 SF

1 CY

¾ ′′Dia. A.B. 16 ′′ Long  3 × 4 12 No.

Grout Base Plates  3 × 4 0.83 0.83 0.08 1 CF

2 ′Rigid Insulation 221.00 - 2.00 442

 2 × 10 0.67 - 2.00 27

469 SF

Perimeter

 2 × 50.00 100.00

add 100.00

add 25.00

less 3 × 2 ×  0.67 (4.00)

221.00

....................................................................

.................................. ..................... ...................

...................
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Figure 5.7a  continued

QUANTITY SHEET SHEET No. 3 of 6

JOB:            Office/Warehouse DATE:

ESTIMATOR: DJP EXTENDED: EXT. CHKD:

DESCRIPTION   DIMENSIONS

TIMES Length Width Height

Concrete - Warehouse

Conc. Forms

L × W × D 2 × (L + W) × H

3000psi Pile Caps (Pils 2) 1.33 1.33 4.00 7 21

(Pils 5) 7 2.00 2.00 2.00 56 112

63 133 SF

2 CY

Conc. Forms  4 × 8 Void Form

L × W × D  2 × L × H L   

3000psi Conc. Grade Beam 473.67 0.67 2.00 635 1895 474

(Pils 1) 2 1.33 0.67 2.00 4 (5) ---

(Pils 3) 16 2.00 1.33 2.00 85 (64) ---

(Pils 4) 2 1.33 1.33 2.00 7 (11) ---

730 1815 SF 474 LF

27 CY

Form Pilasters (Pils 1) 2 2.00 - 2.00 8

(Pils 3) 16 4.67 - 2.00 149

2.00 (Pils 4) 2 2.67 - 2.00 11

 2 × 1.33 2.67 Perim. 168 SF

4.67 outside 475.00

Less 2 × 2 × 0.67 –2.67

472.33

2″ Rigid Insulation 472.33 - 1.50 708

(Pils 1) 2 0.67 - 1.50 2

(Pils 3) 2 × 16 1.33 - 1.50 64

774 SF

1″ Dia. A.B. 18″Long (C3 + C4) 26 4 104 No.

Grout Base Plates 26 1.17 0.67 0.08 2 CF

..................................................................

............................... ................... ...................

...................
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Figure 5.7a  continued

QUANTITY SHEET SHEET No. 4 of 6

JOB:            Office/Warehouse DATE:

ESTIMATOR: DJP EXTENDED: EXT. CHKD:

DESCRIPTION   DIMENSIONS

TIMES Length Width Height

Slab-on-Grade

Office Warehouse

50.00   × 100.00 200.00 × 75.00

Less 2 × 0.67      (1.33) (1.33) Less (0.67) (1.33)

    48.67     × 98.67 199.33 × 73.67 Conc. Finish

L × W × D L × W

3000psi S.O.G. (Office) 48.67 98.67 0.50 2,401 4802

(W/house) 199.33 73.67 0.50 7,342 14685

9,743 19,487 SF

361 CY

Non-Hardner      as Warehouse finish 14,685 SF

Screeds & Curing       as finish 19,487 SF

6Mil Poly V.B.        as finish + 10% 21,436 SF

6 × 6 × 10/10 W.W.M.       as Office finish + 10% 5,282 SF

6 × 6 × 6/6 W.W.M. as Warehouse finish + 10% 16,153 SF

Gravel Under S.O.G.        as Concrete 361 CY

½″ × 6 ″ Expn. Jint Filler (Office) 2 48.67 97

2 98.67 197

(Pils) 2 × 9 0.67 12

(W/house) 2 199.33 399

2 73.67 147

(Pils) 2 ×16 1.33 43

(Pile Caps) 10 8.00 80

(Pils 3) 3 1.33 4

979 LF

Form Construction Joints 48.67 - 0.50 24

7 73.67 - 0.50 258

282 SF

.........................................................

......................... ................. ...............

..............
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Figure 5.7a  continued

QUANTITY SHEET SHEET No. 5 of 6

JOB:            Office/Warehouse DATE:

ESTIMATOR: DJP EXTENDED: EXT. CHKD:

DESCRIPTION   DIMENSIONS

TIMES Length Width Height

¼″ x 1½″ Sawcuts 3 48.67 146

98.67 99

199.33 199

7 73.67 516

960 LF

Second Floor 6x6 10/10

Conc Finish WWM

L × W × H L × W (L×W)+10%

3000psi Slab on Metal Deck 48.67 98.67 0.25 1201 4802 SF 5282 SF

44 CY

Screeds & Curing    as finish 4802 SF

Form Edges of Slab on Metal Deck 4 16.00 - 0.33 21 SF

..........................................................

......................... ................. ..............

.............
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Figure 5.7a  continued

QUANTITY SHEET SHEET No. 6 of 6

JOB:            Office/Warehouse DATE:

ESTIMATOR: DJP EXTENDED: EXT. CHKD:

DESCRIPTION   DIMENSIONS

TIMES Length Width Height

Stairs Conc Finish

L × W × H L × W

3000psi in Stair Treads (1 ½″ deep) 8.00 4.00 0.13 4 32

 2 × 6 3.50 0.92 0.13 5 39

9 71 SF

1 CY

Exterior Concrete Conc Forms Finish Top

L × W × H 2 × L × W L

3000psi Curbs 125.00 0.58 1.00 73 250 125

320.00 0.58 1.00 186 640 320

45.00 0.58 1.00 26 90 45

86.00 0.58 1.00 50 172 86

2 26.00 0.58 1.00 30 104 52

2 32.00 0.58 1.00 37 128 64

401 1384 SF 692 LF

15 CY

Forms Finish

L × H L × W

3000psi Sidewalks 250.00 5.00 0.33 413 83 1250

(Thicken) 250.00 0.92 0.67 154 168 0

200.00 5.00 0.33 330 66 1000

(Thicken) 200.00 0.83 0.33 55 66 0

951 383 SF 2250 SF

35 CY

Cure & Screeds         as finish 2646 SF

Gravel under Slabs 250.00 5.00 0.50 625

200.00 5.00 0.50 500

1125

42 CY

6 ″ Dia Bollards 19 19 No.

....................................................

........................ ................. ................

...............

99395_ch05_ptg01_087-103.indd   100

www.TechnicalBooksPDF.com



	 CHAPTER 5    MEASURING CONCRETE WORK	 101

SUMMARY

�� Preparing a quantity takeoff of concrete works 
requires the estimator to measure a combination of 
items such as concrete, formwork, concrete finishes, 
and so on.

�� Whereas concrete is clearly shown on the project 
drawings, few details of formwork are provided. 
The estimator, therefore, needs to make an assess-
ment of formwork requirements from the details of 
the concrete given.

�� In a takeoff of concrete work, the estimator should 
work through the project dealing with one assem-
bly at a time, measuring all the work associated 
with one assembly before passing on to the next.

�� Concrete is measured in cubic yards or cubic meters 
net in place.

�� Concrete is classified in terms of the use to which 
the concrete is put.

�� Different mixes of concrete are measured separately.

�� Formwork generally is measured in square feet or 
square meters of contact area net in place.

�� Formwork is classified in terms of use just as con-
crete is. Forms to curved surfaces are measured 
separately.

�� Because only the area of forms in contact with the 
concrete is measured, the estimator does not have 
to be concerned about details of the design of the 
forms at the time of the takeoff.

�� Formwork to pilasters, bulkheads, edges, and such-
like are measured separately.

�� Items of formwork that are linear in nature, such 
as grooves, keyways, notches, and chamfers, are 
described stating their size and measured in linear 
feet or meters.

�� Forms to circular columns are described giving the 
diameter of the column and measured in linear feet 
or meters to the height of the column.

�� Concrete finishes are measured in square feet or 
square meters.

�� Slab finishes, screeds, and curing slabs are all mea-
sured in square feet or square meters of plan area.

�� Welded wire mesh reinforcing is also measured in 
square feet or square meters of plan area with further 
percentage added to allow for the laps in the mesh.

�� Fabricating and placing reinforcing steel are often 
subcontracted by general contractors, in which case 
the subcontractors would take off and price this trade.

REVIEW QUESTIONS

	 1.	Why is it recommended that the estimator begin a 
takeoff of concrete work by measuring the quantity 
of concrete in an item rather than the amount of 
formwork?

	 2.	Why is it also preferable to measure the concrete and 
all other work associated with an item before going 
on to measure the concrete in another item?

	 3.	Why is nothing added to the concrete quantities for 
wastage at the time of the takeoff?

Figure 5.7b  �Part Plan of Grade Beam and Pilasters   
(Delmar/Cengage Learning)

WALL FORMS

DEDUCT WALL FORMS
AT PILASTER

PILASTER FORMS TO FACE AND
SIDES OF PILASTER
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102	 CHAPTER 5    MEASURING CONCRETE WORK

	 4.	What size does an opening in concrete have to be 
before a deduction is made from the volume of con-
crete to account for the opening?

	 5.	Why is concrete classified and measured separately 
in different categories?

	 6.	Make a copy of Figure 5.1 and identify on the  
figure the following formwork:

a.	 Wall forms

b.	Slab edge forms

c.	 Column forms

d.	Beam forms

e.	 Slab soffit forms 

f.	 What, precisely, is measured in a formwork 
takeoff?

g.	 Why are pilaster forms measured separately 
from wall forms when the concrete in walls and 
pilasters is measured together?

h.	What size opening in an area of formwork would 
be deducted from the gross area of the forms?

i.	 List three examples of formwork items that 
would be measured in linear feet.

j.	 How is the circular columns formwork measured?

k.	Takeoff the earthwork and the concrete work 
required for the construction of the carport 
shown on Figure 5.8, noting the following:

34′–0′′
B

12′′

8′′ Conc Slab

1′
–6

′′

4′′ Dia.
Steel Columns
and Baseplates
as detailed below

A A

6″ Slab-on-Grade 2′
–6

″

12″ Gravel 6′
–0

″
8″

Elevation B Section B - B

8″ × 8″ Base Plate

17
′–

8″

¾″ × 10″ Anchor Bolts

         Baseplate Detail
4′–0″ 30′–0″

California Carport 2
Not to Scale

Section A -A

Figure 5.8  Carport Sketches (Delmar/Cengage Learning)
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l.	 Remove topsoil to a depth of 12" from the site 
of the carport extending 1 meter outside of the 
slab-on-grade.

m.	Replace topsoil around the outside of the structure 
at completion up to the original grade.

n.	Excavate a trench for the grade beam walls and 
allow a 2'0" wide workspace each side of the 
wall. This space is backfilled at completion.

o.	 All concrete shall be 3000psi with air entrainment.

p.	The slab-on-grade shall receive a steel trowel 
finish.

q.	Reinforcing steel is supplied and installed by a 
subcontractor (Jones) for the price of $5,000.

r.	 Structural steel columns are supplied and 
installed by a subcontractor (Cortez) for the 
price of $2,500. Note that this subtrade supplies 
anchor bolts, but they are installed by the general 
contractor. 
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Chapter

3

 CHAPTER

6

MEASURING MASONRY WORK

 OBJECTIVES

After reading this chapter and completing the review questions, you should be able to do the following:

•	 Explain how masonry work and associated 
items are measured in a takeoff.

•	 Explain how masonry items are classified in 
the takeoff process.

•	 Measure masonry items from drawings and 
specifications.

•	 Use conversion factors to calculate quantities 
of bricks, blocks, and masonry mortar.

•	 Complete a takeoff of masonry work and 
associated items for a single detached house.

•	 Complete a takeoff of masonry work  for a 
commercial project. 

Masonry Work Generally

Masonry work includes construction with clay bricks, 
concrete bricks and blocks, clay tiles, and natural and 
artificial stone. This work is now typically performed 
by subcontractors who supply the labor, materials, 
and equipment required to complete the work. In this 
chapter we will deal with the measurement of only 
standard clay brick and concrete block masonry, but 
the principles expressed can be applied to many types 
and sizes of masonry products. Estimating the costs of 
masonry work involving products other than standard 
bricks and concrete blocks can proceed in the same 
way as described hereunder, but the work is mostly the 
task of specialists rather than general contractors and, 
therefore, is beyond the scope of this text.

As we have previously stated with regard to other 
trades, a thorough knowledge of masonry construction 
is a definite prerequisite to the performance of good 
estimating. Particular attention has to be paid to items 

such as masonry bond and mortar joint treatment, 
which have considerable effect on material usage, 
waste factors, and mortar consumption. A minimum 
knowledge of terminology is required before masonry 
specifications can be properly interpreted to determine 
such things as the type of units required and their 
requisite features, together with aspects of the numerous 
accessories associated with masonry work. We have 
not attempted to explore any of the many features of 
masonry construction practices in this text. The student 
is advised to consult and study one or more of the many 
texts that deal with this specific subject.

Measuring Masonry Work

In accordance with the general principles followed in 
the measurement of the work of other trades, masonry 
work is measured “net in place” and the necessary 
allowances for waste and breakage are considered later 
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in the estimating process when this work is priced. 
The units of measurement for masonry are generally 
the number of masonry pieces such as concrete blocks 
or, in the case of bricks, the number of thousands of 
clay bricks. Calculating the number of masonry units 
involves a two-stage process:

	 1.	 The area of masonry is measured.

	2.	 A standard factor is applied to determine the 
number of masonry units required for the area 
measured. 

A number of other items associated with unit 
masonry that are detailed on the drawings or described 
in the specifications also have to be measured, including 
mortar, wire “ladder” reinforcement to joints, metal 
ties used between walls, and extra work and materials 
involved in control joists, sills, lintels, and arches. All 
of these items are considered in the masonry takeoff 
as detailed in the following text. Loose insulation and 
rigid insulation to masonry are also included in this 
work, and in some places the masonry trade includes 
membrane barriers, insulation, and similar materials 
behind masonry when the masonry is the last work 
installed.

Estimators need to be familiar with the definition 
of the scope of work for the masonry trade in their 
geographical location. This trade scope is often defined 
for a geographical area by the local masonry association 
and may also be found in the bid depository rules of 
construction associations in many cities. This definition 
lists the items of work that are included in the masonry 
trade and those items of work that are excluded from 
the work of the masonry trade. Knowledge of this 
scope of work is essential to the person estimating 
the masonry work for the specialized masonry trade 
contractor. Knowledge of the masonry scope, together 
with the scopes of all other subtrades, is also valuable 
to the general contractor’s estimator who is receiving 
subtrade prices.

A typical masonry scope-of-work definition is 
illustrated in Chapter 13. Estimators should be aware 
that this is merely an example of a scope as defined by 
a certain jurisdiction at a certain time; definitions vary 
according to location and time.

The general contractor estimator’s role in handling 
problems associated with a subtrade’s scope of work 
is also discussed later in Chapter 13. The contractor’s 
estimator will, however, need to address items of work 
that are connected with the masonry trade but that 
are specifically excluded from the subtrade quote. If 
these items of work are not to be included as part of 
the subtrade’s work, their cost will have to be estimated 
with the general contractor’s work.

A typical example of the kind of work item that is 
related to masonry work but may not be included in 
the quote from a subtrade is the item of temporary-
bracing masonry work during construction. This item 
is excluded from the scope of the masonry trade in 
some localities, but the cost of the work involved in 
temporary bracing has to be estimated and included 
in the bid as it can be a substantial amount, especially 
where the project includes large expanses of masonry 
walls exposed to possible high winds during the course 
of construction.

Brick Masonry

Bricks are made of different materials and manufactured 
by different methods, and they can be used in many 
different ways in the construction process. All of 
these factors will influence the price of the masonry, 
but the main factors affecting the measurement of 
brick masonry are the size of the brick units, the size 
of the joints between bricks, the wall thickness, and 
the pattern of brick bond utilized. Bricks are available 
in a great number of sizes, but the Common Brick 
Manufacturers Association has adopted a standard size 
with the nominal dimensions of 21⁄4 by 33⁄4 by 8 inches 
(57 mm by 95 mm by 203 mm). Bricks of this size are 
referred to as “standard bricks,” and this is the brick 
size used in the takeoff examples that follow.

All of the variables previously noted will also 
impact the measurement of the mortar needed for brick 
masonry. From the size of the bricks and the thickness 
of the mortar required, the amount of mortar per 100 
square feet of wall can be readily calculated; examples 
follow. To avoid having to perform these calculations 
for all of the combinations of sizes involved, many 
estimators refer to texts that offer tables of factors to use 
in calculating numbers of masonry units and volumes 
of mortar per 100 square feet of wall area. For example, 
from Walker’s The Building Estimator’s Reference Book, 
the amount of mortar required for the bricks described 
above is specified as 5.7 cubic feet (0.16 cubic meters) 
per thousand bricks.* Information about quantities of 
bricks per square foot and mortar requirements over a 
wide range of brick sizes are also available from brick 
manufacturers and from organizations such as the Brick 
Institute of America (BIA).

Sometimes designated courses of bricks are 
required to be laid in a different way than the rest of 
the courses in a wall. For example, a soldier course 
may be required above openings, or a brick-on-edge 

*The Building Estimator’s Reference Book, published by Frank R. 
Walker Company, 27th Edition, Chicago, 2003.
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Figure 6.1  �Typical Concrete Block Sizes 
(Delmar/Cengage Learning)
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course may be required at the sill of openings. These 
special courses can be measured in linear feet as “extra 
over” the brickwork in which they appear. This means  
that the extra cost of labor and materials over and 
above the cost of standard brickwork is calculated and 
added for the length of these special courses measured. 
Measurement as “extra over” avoids having to calculate 
and deduct the number of bricks laid in the standard 
fashion and adding the number of bricks laid in a 
soldier course, which is clearly a more cumbersome 
takeoff method.

Concrete Blocks

There are fewer variables to consider with concrete 
blocks than with clay bricks, but blocks do come in 
different sizes, and the thickness of joints between 
blocks can vary. See Figure 6.1 for standard block and 
bond beam sizes for an 8 inch (203 mm) thick wall. 
Concrete blocks are also available for different wall 
thicknesses (see Figure 6.2).

Bond beams are measured as “extra over” the 
blockwork in which they are required. This means 
that, first, the number of blocks in a wall is calculated 
as if they are all standard blocks. Then, where bond 
beam blocks are required, 
instead of adding a number  
of bond beam blocks and 
deducting a number of 
standard blocks, labor 
and material prices per 
linear foot of bond beam 
are calculated to account 
for the extra cost of the 
bond beam blockwork 
over and above the cost of 
standard blockwork. This 
“extra over” price could 
be expanded to include the 
cost of concrete and reinforcing steel in the bond beam, 
but in the examples that follow, concrete and rebar to 
bond beams are measured separately for individual 
pricing.

Conversion Factors

As mentioned, tables are published in reference works 
that list quantities of bricks or blocks per square foot 
area of masonry. The number of “standard bricks” per 
square foot of wall for different wall thicknesses, joint 

Figure 6.2  ��Nominal and Actual Block Thicknesses (Delmar/Cengage Learning)

	 NOMINAL WALL THICKNESS	 BLOCK THICKNESS

	   4" (102 mm)	   35⁄8"

	   6" (152 mm)	   55⁄8"

	   8" (203 mm)	   75⁄8"

	 10" (254 mm)	   95⁄8"

	 12" (305 mm)	 115⁄8"

thicknesses, and various bonds is given in The Building 
Estimator’s Reference Book, which states, for instance, 
that a 4 inch (102 mm) wall with 1⁄4 inch (6 mm) brick 
joints and laid in running bond will have 7 bricks per 
square foot of wall area.

Tables also list the number of standard-size 
concrete blocks and the amount of mortar required per 
100 square feet of wall. From the reference source just 
cited, for a wall of 8 inch nominal thickness built with 
standard blocks of size 75⁄8 by 75⁄8 by 155⁄8 inches and 
a joint thickness of 3⁄8 inches, the tables indicate that 
112.5 blocks together with 6 cubic feet of mortar are 
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required for 100 square feet of wall area. (Expressed 
in metric units we have: For a 102 mm wide standard 
brick wall with 6 mm joints in running bond, there 
will be 75 bricks per square meter. For a 203 mm 
wide standard block wall with 9.5 mm mortar joints, 
there will be 1210 blocks per 100 square meters, and 
1.8 cubic meters of mortar is required per 100 square 
meters of wall.)

The estimator may have to calculate the conversion 
factors when nonstandard-size brick or block units are 
to be used. So, if bricks of size 35⁄8 by 35⁄8 by 155⁄8 inches 
with 3⁄8 inch wide joints are to be used, the conversion 
factor may be calculated in the following way:

1 square foot (144 sq. inches)

(35
8 1 3

8) 3 (155
8 1 3

8)
5 2.25 brick>square foot

(Note: Only the dimensions of the face of the brick 
are required; the brick thickness does not affect the 
calculation.) 

For the volume of mortar per square foot of wall 
area, the volume of brick plus joints is calculated 
less the volume of brick per square foot of wall area. 
(Note: Here the brick thickness—35⁄8—does have to be 
taken into account.) 

Vol. of brick 1 joints 5 35
8 3 (35

8 1 3
8) 3 (155

8 1 3
8)

5 232 cu. inches>brick

And, since 1 cubic foot 5 1728 inches,

Vol. of brick 1 joints 5
232

1728

5 0.134 cu. feet>brick

Vol. of brick alone 5
35

8 3 35
8 3 155

8

1728

5 0.119 cu. feet/brick

Therefore, the volume of mortar  5 0.134 2 0.119 5  
0.015 cu. feet per brick. Hence, the volume of mortar 
per square foot of wall area 5 0.015 3 2.25 5 0.035 
cu. feet per square foot, or 0.129 cubic yards of mortar 
per 100 square feet of wall area.

However, this mortar quantity will be too low 
because, in addition to mortar wasted and spilled, in 
the process of laying bricks some mortar is squeezed 
into the voids in the bricks and sometimes mortar is left 
to bulge from the joints. Therefore, the mortar factor 
could be increased by as much as 40% to allow for the 
additional quantity required.

Measuring Notes: Masonry

Generally

	1.	 Measure all quantities “net in place” and do not 
deduct for openings that are less than 10 square 
feet (1 square meter).

	2.	 Separately measure masonry work that is circular 
on plan.

	3.	 Masonry work includes scaffolding and hoisting.

	4.	 Masonry work shall be measured separately in the 
following categories:

		  a.	 Facings

		  b.	 Backing to facings

		  c.	 Walls and partitions

		  d.	 Furring to walls

		  e.	 Fire protection 

	5.	 The cleaning of exposed masonry surfaces shall be 
described and measured in square feet or square 
meters.

	6.	 Measure silicone treatment of masonry surfaces in 
square feet or square meters, stating the number of 
coats required.

	7.	 Measure expansion joints or control joints in 
masonry in linear feet or square meters, and fully 
describe these joints. Specify any required joint 
filler material (caulking) in the description of the 
joint system.

	8.	 Measure mortar red in cubic feet or cubic meters, 
and provide details of any admixtures required.

	9.	 Separately measure colored mortar where it is 
required.

10.	 Measure wire reinforcement in masonry joints in 
linear feet or meters, and fully describe. “Ladder” 
or “truss” reinforcement can be used; specify which 
is required.

11.	 Enumerate anchor bolts, sleeves, brackets, and 
similar items that are built into masonry, and fully 
describe these items. Built-in components together 
with the lintels and similar items mentioned in 
the following notes may be supplied and installed 
by the masonry trade; alternatively, they may be 
supplied by the miscellaneous metals subtrade and 
only installed by the masonry contractor.

12.	 Measure building in lintels, sills, copings, flashings, 
and similar items in linear feet or meters, and fully 
describe. Specify the type of material involved; not 
only can the material cost vary, but also the installation 
cost can vary with different types of material.
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108	 CHAPTER 6    MEASURING MASONRY WORK

13.	 Enumerate weep holes where they are required to 
be formed using plastic inserts and such like.

14.	 Measure rigid insulation to masonry work in 
square feet or square meters, describing the type 
and thickness of material.

Brick Masonry

15.	 Bricks shall be measured in units of 1000 bricks, 
describing the type and dimensions of bricks.

16.	 Separately measure facing bricks.

17.	 Measure in linear feet or meters bricks required to 
be laid in any other pattern than running bond: for 
example, soldier courses or brick-on-edge courses.

18.	 Enumerate and fully describe brick ties.

Concrete Block Masonry

19.	 Enumerate concrete block masonry units, stating 
the type and size of blocks.

20.	 Separately enumerate special units required at 
corners, jambs, heads, sills, and other similar 
locations.

21.	 Measure in cubic yards or cubic meters, and fully 
describe loose fill or foam insulation to blockwork 
cores.

22.	 Measure bond beams in linear feet or meters.

23.	 Measure concrete to core fills and bond beams in 
cubic yards or cubic meters, stating the strength 
and type of concrete to be used.

24.	 Measure in linear feet or meters reinforcing steel to 
core fills and bond beams, stating the size and type 
of rebar to be used. 

Trade rules in some locations require the 
subcontractor supplying reinforcing steel to the project 
to supply the rebar for the masonry work. This rebar is 
then installed by the masonry subtrade or the general 
contractor, whoever is completing the masonry work.

Masonry Work: House (Brick Facings 
Alternative)

Comments on Takeoff Shown in Figure 6.3a

	1.	 See Figures 6.3b and 6.3c for details of an 
alternative exterior finish of brick facings to the 
front of the house.

	2.	 Facing bricks are to be applied to the front left 
side of the house, as shown on the sketches. The 

front width plus the two returns give an overall 
brickwork length of 23'10".

	3.	 Note that the net area of brickwork is required, so 
all window openings are deducted.

	4.	 The standard factors of 7 bricks per square foot 
and 5.7 cubic feet of mortar per 1000 bricks are 
used to determine quantities of bricks and mortar.

	5.	 Brick ties are spaced 2 feet horizontally and 1 foot 
vertically; dividing the wall area by the product 
of the spacing (2 3 1) gives the number of ties 
required.

	6.	 The steel angle lintel over the windows extends 1 
foot on each side of the opening, so 2 feet are added 
to the opening width to give the length of lintel 
required.

	7.	 The shelf angle supporting the full length of the 
brick wall is attached to the footing by means of 
anchors drilled into the concrete foundation wall. 
The number of these inserts is found using their 
spacing.

	8.	 Weep holes at 4'0" spacing are built into the lowest 
brick course, which sits on top of the shelf angle. 
These allow water that gets behind the facings to 
drain to the outside of the brickwork.  

Masonry Work: Office/Warehouse 
Building

Comments on Takeoff Shown in Figure 6.4

	1.	 See Figure 6.1 for sizes of concrete blocks and bond 
beams measured in this takeoff.

	2.	 Blockwork is confined to the office section of this 
project. The warehouse is finished with insulated 
cladding, which will be covered in a subcontractor’s 
quote.

	3.	 The exterior perimeter (300 feet) is used to calcu-
late the quantity of blocks. Areas are deducted for 
openings over 10 square feet, and areas are added 
to allow for the extra blocks in pilasters.

	4.	 There is a situation on the drawings regarding 
block pilasters that needs clarification. In the center 
of the south wall on the office, a pilaster is indicated 
on the plan of the upper floor (see Figure  4.12, 
drawing  6 of 9). On the lower floor plan, there is 
a doorway in the center of this wall. The designer 
should be contacted to verify what is required here.

Let us say that the answer we receive indicates 
that a full-height pilaster is required on this wall; 
the takeoff must reflect this clarification.
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QUANTITY SHEET SHEET No. 1 of 1

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

Masonry

19.83

 2 × 2 ′–0 ′′4.00
23.83

Facing Bricks 23.83  --- 8.83 210

(windows) DDT 2 4.00  --- 3.58 (29)

181 SF ×      7  = 1267 No.

Mortar

Brick ties

 ---  ---  --- 1.267 M bricks ×  5.7  = 7 CF

each side 2 x 1.0

 ---  ---  --- 181/2 = 91 No.

(spacing 2 ′x 1′)

(over windows)

3 ′′ x 3 ′′ x ¼ ′′ Angle 23.83

6.08

24

2

4.08

2.00
6.08

12

36 LF

½ ′′ Drilled Anchors 12  ---  ---  --- 12 No.

23.83/2.00

= 12

12 ′′ Wide Flashing as angle  ---  --- 36 LF

Weep Holes 7  ---  ---  --- 7 No.

23.83/4.00

= 6 + 1

............................................

........................

...............

Figure 6.3a  �House Example: Masonry Work (Delmar/Cengage Learning)
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SECTION A - A

PLAN OF PART EXTERIOR WALL

SEE FIGURE 6.3c

FACING BRICK VENEER

A

A

7′
 4

″

2′
 0

″

1′
 6

″

Figure 6.3b  �Brick Facings Alternative: Details (Delmar/Cengage Learning)
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3″× 3″ × 1/4″ ANGLE
ON 1/2″DRILLED

ANCHORS AT 2′ O.C.

BRICK
VENEER

BRICK
TIES

1″ SPACE

12″ WIDE FLASHING

8″ CONCRETE
FOUNDATION WALL

	5.	 The conversion factors used in the takeoff are 
obtained from The Building Estimator’s Reference 
Book, which indicates that the cavities of 8" block 
walls can be filled at the following rate: 14.5 square 
feet of wall per 4 cubic feet bag of insulation.

At this rate the number of bags required to fill 
the cavities 

of 100 square feet of wall

5
100
14.5

5 6.9 bags per 100 SF

6.9 bags 3 cubic feet per bag

5 27.6 cubic feet per 100 SF

	6.	 Wire “ladder” reinforcing is required in every 
second course of blockwork. The length of 
reinforcing can be determined by dividing the area 
of blockwork by the spacing of reinforcing, which 
is 1'4" (two 8" courses) in this case. The number of 
linear feet of “ladder” reinforcing required

per 100 square feet of wall 5 100>1.33
5 75 LF>100 SF

	7.	 It is assumed that the masonry specifications call 
for vertical control joints in the block walls at 20' 
intervals. This requires four joints on the long sides 
of the building and two joints on the short sides.

	8.	 Two double-height bond beams are shown to the 
perimeter of the building: one at the second-floor 
level, and the other at the roof level. Bond beams 
consist of lintel blocks filled with concrete.

	9.	 Bond beams are also measured over all openings. 
The bond beam is wider than the opening by one 
block (16") on each side.

10.	 On the structural drawing, S-1 dowels are shown 
to extend up from the grade beam into core fills in 
the masonry wall at 4'0" on center. Core fills refer 
to the practice of filling the vertical core of the 
blocks with mortar. The size of the hollow core of a 
concrete block is indicated in Figure 6.1.

11.	 Reinforcing steel would be required to bond beams 
and to vertical core fills. In this case we will assume 
that this rebar is to be supplied and installed by 
the rebar subtrade so the work does not have to be 
measured with the masonry section.

Figure 6.3c  �Brick Facing: Detail at Foot of Facings 
(Delmar/Cengage Learning)
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Figure 6.4  �Office/Warehouse Example: Masonry Work (Delmar/Cengage Learning)

JOB: Office/Warehouse DATE:

ESTIMATOR: DJP EXTENDED: EXT. CHKD:

DESCRIPTION DIMENSIONS
Times Length Width Height

Masonry

Exterior Walls

2 × 50.00 = 100.00

2 × 100.00 = 200.00

300.00

8″ Lt Wt. Conc Blocks 300.00 --- 28.00 8,400

(Windows) DDT 31 4.00 --- 8.00 (992.00)

(Doors) DDT 2 6.00 --- 8.00 (96.00)

(Pilasters) Add 8 1.33 --- 28.00 298

(Pilasters) Add 4 0.67 --- 28.00 75

7,685 SF × 112.5/100 =     8646 Blks

ottiDratroM 7,685      SF × 6/100   = 467 CF

17 CY

Loose Vemiculite Insuln       Ditto 7,685 SF × 27.6/100   = 2121 CF

79 CY

ottiDfnieRreddaL″8 7,685  SF × 1/1.33  = 5764 LF

(Every second course)

Vertical Control Jnts in 8″Block Wall 42200.824×2

(20 ′ Intervals) 21100.822×2

336 LF

Lintel Blocks 002,100.0034

0576.613

Door/Window Un Windows Door 00276.603

2 × 4.00 = 8.00 4.00 6.00 976.8

6.00 2.67 2.67 1,459 LF

2 × 1.33 = 2.67 6.67 8.67

16.67

Conc in Lintel Blocks 1459.00 0.42 0.50 306

11 CY

..............................................................

...................... .............. ...........

...........
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Figure 6.4  �continued

QUANTITY SHEET SHEET No. 2 of 2

JOB: Office/Warehouse DATE:

ESTIMATOR: DJP EXTENDED: EXT. CHKD:

DESCRIPTION DIMENSIONS
Times Length Width Height

Conc in Core Fills 75 0.42 0.46 28.00 406

15 CY

Masonry - Partitions

25.00 2 × 14.83 = 29.67

15.50 10.67

40.50 40.33

14.17

10.17

  5.00

 2 × 8.00 = 16.00

45.33

8″Lt. Wt. Conc Blocks 40.50 --- 13.00 527

45.33 --- 26.00 1,179

40.33 --- 13.00 524

(Doors) DDT 6 3.00 --- 7.00 (126)

2,103 SF × 112.5/100  =   2367 Blks

ottiDratroM 2,103 SF × 6/100 = 126 CF

ottiDfnieRreddaL″8 2,103 SF × 1/1.33 = 1578 LF

(Every second course)     5 CY

Lintel Blocks 4376.56

(Over Doors) 34 LF

3.00

 2 × 1.33 = 2.67

5.67

Conc in Lintel Blocks 6 5.67 0.42 0.50 7

1 CY

........................................................ ...........

....................... ................ ..........

 SUMMARY

�� Masonry work, which includes construction with 
clay bricks, concrete bricks and blocks, clay tiles, 
and natural and artificial stone, is now typically 
performed by subcontractors.

�� A thorough knowledge of masonry construction 
is required to prepare a detailed estimate of this 
trade.

�� In the takeoff process, first the surface area of the 
masonry is measured in square feet or square meters 
of area, and then a factor is applied to convert these 

measurements to the number of pieces such as 
bricks or blocks required to complete the work.

�� A number of other items associated with unit 
masonry are also measured in the takeoff, including 
mortar, wire “ladder” reinforcement to joints, metal 
ties used between walls, and extra work and materials 
involved in control joists, sills, lintels, and arches.

�� Estimators need to be familiar with the definition 
of the scope of work for the masonry trade in their 
geographical location.
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�� The main factors affecting the measurement of 
brick masonry are the size of the brick units, the 
size of the joints between bricks, the wall thickness, 
and the pattern of brick bond utilized.

�� Where bricks are required to be laid in a different 
pattern than the other bricks in a wall, such as a 
soldier course, all the wall is measured as regular 
bricks, and then the extra cost of the nonstandard 
pattern is allowed for by measuring “extra over” 
the cost of the regular bricks.

�� There are fewer variables to consider with concrete 
blocks than with clay bricks, but blocks do come in 
different sizes, and the thickness of joints between 
blocks can vary.

�� A block wall is measured as if it were constructed 
entirely of the same type of block; then bond 
beams, copings, and any other nonstandard block 
are measured “extra over.”

�� Various publications provide information about 
conversion factors to calculate such things as the 

number of blocks per square foot or square meter 
of wall.

�� Conversion factors are also available to enable 
the estimator to calculate the volume of masonry 
required per 1000 bricks or blocks of different 
sizes.

�� Given the size of masonry units and the thickness 
of the mortar joints between them, estimators can 
calculate their own conversion factors.

�� Quantities of masonry units are measured net in 
place.

�� Bricks are measured in units of a thousand bricks.

�� Concrete block masonry is enumerated.

�� Masonry is classified in terms of the types of units 
and the use.

�� Mortar is measured in cubic yards or cubic meters, 
and any add mixtures are described.

 REVIEW QUESTIONS

	 1.	Which two variables, apart from brick or block 
size, have an appreciable effect on masonry material 
usage and mortar consumption?

	 2.	Describe the usual method of calculating quantities 
of bricks or blocks in a masonry takeoff.

	 3.	For each of the following work items, indicate 
whether it is included or excluded from the masonry 
scope of work (consult Chapter 13):

		 a.	 Cavity wall insulation

		 b.	 Brick anchors

		  c.	 Anchor slot

		 d.	� Hoarding and heating a temporary enclosure 
for masonry work

		  e.	 Hoisting masonry materials

		  f.	 Scaffolding

		  g.	 Wind-bracing of masonry walls 

	 4.	State the standard brick size adopted by the 
Common Brick Manufacturers Association.

	 5.	List three sources that could be referred to for 
information about the number of bricks and 
amount of mortar required for different brick sizes.

	 6.	How are special brick courses such as soldier and 
brick-on-edge courses dealt with in a masonry 
takeoff?

	 7.	How many custom bricks of size 31
4 3 33

4 3 117
8 

inches are there per square foot of wall area when 
the mortar joint is 1⁄4"?

	 8.	How much mortar is required per square foot of 
wall area with the custom bricks described in 
question 7?

	 9.	Openings greater than what area are deducted from 
masonry wall areas?

	10.	How are scaffolding and hoisting operations 
accounted for in a masonry work estimate?

	11.	How is insulation to masonry work measured?
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 CHAPTER

7

MEASURING CARPENTRY AND 
MISCELLANEOUS ITEMS

 OBJECTIVES

After reading this chapter and completing the review questions, you should be able to do the following:

•	 Describe a system that will allow an estimator 
to accurately measure detailed carpentry work 
on a large project.

•	 Calculate quantities of lumber and sheet 
materials.

•	 Describe how to measure carpentry work 	
in a takeoff.

•	 Describe how carpentry work is classified 	
in a takeoff.

•	 Measure rough carpentry, finish carpentry, 
and miscellaneous items from drawings and 
specifications.

•	 Complete a takeoff of carpentry work and 
miscellaneous items for a single detached 
house. 

Measuring Rough Carpentry

In order to prepare a detailed quantity takeoff of the 
carpentry work that is realistic, a comprehensive 
knowledge of carpentry details and practices is required 
of the estimator. This is particularly true for estimating 
housing and other buildings of wood frame construction 
because, on these types of projects, few specific details 
of framing requirements are shown on the design 
drawings. Instead, the builder is left to construct the 
framing in accordance with standard practices and 
code requirements. As a consequence, in order to assess 
rough carpentry requirements adequately, the estimator 
has to be completely familiar with framing methods and 
also be alert to design requirements such as the need for 
extra joists or additional studs in certain locations.

It is not our intention to examine the particulars of 
carpentry construction and the detailing of carpentry 

work in this text; students who are not experienced in 
this work are advised to study one or more of the many 
reference books available on this subject to help them 
to better understand the essentials of a rough carpentry 
takeoff.

When estimating commercial and institutional 
buildings, different skills are required of the estimator 
who is measuring rough carpentry work. In contrast to 
the drawings of housing-type projects, design drawings 
for larger projects include many details that contain 
carpentry items. The task of the estimator on these 
projects is first to identify which parts of the building 
the details apply to, and second to establish the extent 
of the carpentry work involved in each of these details. 
To pursue these tasks effectively, the estimator needs 
a comprehensive knowledge of the use of such things 
as wood blocking, nailers, roof cants, and systems of 
wood strapping.
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116	 CHAPTER 7    MEASURING CARPENTRY AND MISCELLANEOUS ITEMS

Because of the large number of detail drawings and 
sketches found on the more complex projects such as 
schools and hospitals, the estimator needs to develop a 
systematic approach to the measurement of this work; 
otherwise it will become impossible to keep track of 
progress. One way to organize the rough carpentry 
takeoff process is to proceed through the large-scale 
detail drawings one by one, identifying the carpentry 
items contained in each detail. Then the estimator can 
examine the small-scale drawings and determine where 
the detail applies and, therefore, the length or area of 
the carpentry items involved. This task is another that 
benefits from the use of highlighter pens to keep track 
of the details and carpentry items considered and to 
outline the extent of the different components as they 
are measured.

Board Measure

The unit of measurement of lumber is generally the 
board measure (BM), which is sometimes referred to as  
board foot (BF); a 1000 board feet unit is written MBF. 
Board measure is a cubic measure in which one unit of BM 
is equivalent to a 1 3 12 board, 1 foot long. To calculate 
the BM of lumber, multiply the length in feet by the 
nominal width and thickness of the pieces in inches, and 
then divide the product by 12. Quantities are rounded 
off to the nearest whole board foot. Pieces less than  
1 inch thick are usually calculated using a thickness 
of 1 full inch. See Figure 7.1 for examples of BM 
calculations.

Metric Units

When using the metric system, the cross-section of 
a piece of lumber will be stated in millimeters using 
the actual dimensions in preference to the nominal 
dimensions. The size of a 2 inch by 4 inch piece of 
lumber will remain the same, but it will be referred to 
as a 38 3 89 since the actual dimensions of the cross-
section are 38 mm by 89 mm.

The thickness of sheathing does not change but is 
described in mm rather than inches. Thus a standard 
1⁄2 inch sheet will become a 12.7 mm sheet in metric 
units. However, the size of a standard sheet of plywood 
or composite wood product will have to be adjusted on 
a metric project because the size of a metric module is 
400 mm; for example, studs will be spaced at 400 mm 
on center rather than 16 inches. So the size of a 4 foot 
by 8 foot sheet will become 1200 mm by 2400 mm, 
which is 19.5 mm narrower and 38 mm shorter than 
the standard sheet.

In the takeoff process, items of lumber are 
measured in linear meters stating the cross-section 
size of the pieces in mm, and sheeting material is 
measured in square meters stating the thickness of the 
sheets in mm.

Measuring Notes: Rough Carpentry

Generally

	1.	 Lumber is measured in board measure or linear 
meters, as described previously.

	2.	 Differentiate and measure items of lumber sepa-
rately on the basis of the following categories:

		  a.   Dimensions

		  b.   Dressing

		  c.   Grade

		  d.   Species 

	3.	 Measure separately and describe lumber required 
to have a special treatment: that is, kiln dried, pres-
sure treated, and so on.

	4.	 Measure wall boards in square feet or square 
meters.

	5.	 Do not deduct for openings less than 40 square 
feet.

	6.	 Classify wall boards and measure separately in the 
following categories:

		  a.   Type of material

		  b.   Thickness 

Framing Work

	7.	 Lumber for framing shall be classified and mea-
sured separately in the following categories: 

		  a.   Plates

		  b.   Studs

		  c.   Joists

		  d.   Bridging

		  e.   Lintels

		  f.   Solid beams

		  g.   Built-up beams

		  h.   Rafters

		  i.    Ridges

		  j.    Hip and valley rafters

		  k.   Lookouts and overhangs

		  l.    Gussets and scabs
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		  m.   Purlins

		  n.   Other items of framing 

Trusses, Truss Joists, and Truss Rafters

	8.	 Enumerate prefabricated trusses, truss joists, and 
truss rafters, and fully describe them.

Manufactured Beams, Joists, and Rafters

	9.	 Measure manufactured beams, joists, and rafters in 
linear feet or meters, and describe them in full.

Sheathing

10.	 Measure sheathing in square feet or square meters; 
describe and measure separately wall, floor, and 
roof sheathing.

11.	 Measure diagonal work separately from other 
sheathing.

12.	 Measure common boards, ship-lap, tongued and 
grooved, plywood, and other types of sheathing 
separately.

13.	 Describe and measure separately any work to slop-
ing surfaces.

Copings, Cant Strips, and Fascias

14.	 Measure in linear feet or meters copings, cant strips, 
fascias, and other similar items.

Soffits

15.	 Soffits shall be measured in square feet or square 
meters; separate different materials.

Sidings

16.	 Sidings shall be measured in square feet or square 
meters; describe the type of material used and state 
whether it is vertical, horizontal, or diagonal.

Vapor Barriers and Air Barriers

17.	 Vapor barriers and air barriers shall be measured in 
square feet or square meters, describing the type of 
material used.

Figure 7.1  �Sample Board Measure Calculations (Delmar/Cengage Learning)

	 Item	 Calculation

1.	14 pieces of 4 3 12 
	 16 feet long

2.	20 pieces of 3 3 10 
	 22 feet long

3.	19 pieces of 2 3 14 
	 20 feet long

4.	120 pieces of 2 3 4 
	 8 feet long

5.	60 pieces of 3⁄4 3 3 
	 12 feet long

 
14 3 16 3 4 3 1231

12
5 896 BM

 
20 3 22 3 3 3 1031

12
5 1100 BM

 
19 3 20 3 2314 3 1

12
5 887 BM

 
120 3 8 3 234 3 1

12
5 640 BM

 
60 3 12 3 133 3 1

12
5 180 BM
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Underlay and Subfloors

18.	 Underlay and subfloors shall be measured in square 
feet or square meters, stating the type of material 
used.

Blocking and Furring

19.	 Blocking and furring shall be measured in board 
measure or linear meters and classified in the fol-
lowing categories: 

		  a.   Blocking stating purpose and location

		  b.   Furring stating purpose and location

		  c.   Nailing trips

		  d.   Strapping

		  e.   Grounds

		  f.   Rough bucks

		  g.   Sleepers 

Rough Hardware

20.	 Include an allowance for rough hardware based on 
the value of the carpentry material component. 

Measuring Finish Carpentry  
and Millwork

Materials for finish carpentry on a commercial project 
are usually supplied by a millwork subcontractor and 
installed by the general contractor. Also included with 
finish carpentry is architectural woodwork, which may 
be supplied by the same millwork contractor as the 
finish carpentry or, alternatively, could be supplied and 
installed by a separate custom woodwork subcontractor. 
While there are shortcut methods that make use of 
add-on factors to estimate an installation price as a 
percentage of the supply price for this work, when 
something more than an approximate price is required, 
a detailed takeoff of finish carpentry items is necessary.

Estimators should be familiar with the trade 
scope definitions of finish carpentry and architectural 
woodwork in the project location so that they can 
evaluate which items are being supplied by the millwork 
subtrade and, perhaps more importantly, which items 
are not being supplied. The millwork trade may consider 
some items to be outside of its scope of work and not 
include them in its supply quote; this leaves them for the 
general contractor to obtain if no other trade has picked 
them up. All such items that are outside of the scope 
of the subtrades have to be priced for both the costs of 
installation and supply by the general contractor.

Measuring Notes: Finish Carpentry

Generally

	1.	 Generally classify and measure separately items of 
finish carpentry according to materials, size, and 
method of fixing.

	2.	 Grounds, rough bucks, backing, and other similar 
materials are measured under rough carpentry.

	3.	 Include an allowance for rough hardware for finish 
carpentry.

	4.	 Metalwork such as counter legs, framing around 
countertops, bins, stainless steel items, and so on 
are measured under miscellaneous metals.

	5.	 Include glazing to finish carpentry in the glazing 
section unless it forms an integral part of prefabri-
cated cabinet work.

Trim

	6.	 Trim shall be measured in linear feet or meters, 
stating the size.

	7.	 Measure separately and fully describe built-up 
items such as valance boxes, false beams, and other 
similar items.

	8.	 Measure baseboard and carpet strip through door 
openings.

Shelving

	9.	 Measure shelving in linear feet or meters, stating 
the width.

Stairs

10.	 Enumerate and fully describe prefabricated stairs, stat-
ing the width of each stair and the number of risers.

11.	 Measure balusters and handrails in linear feet or 
meters, and fully describe them.

Cabinets, Counters, and Cupboards

12.	 Cabinets, counters, and cupboards shall be fully 
enumerated and described. Alternatively measure 
these units in linear feet or meters, describing the 
type and size of the units and stating whether 
they are floor mounted, wall mounted, or ceiling 
hung.

Paneling

13.	 Measure paneling in square feet or square meters, 
and fully describe it. 
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Doors and Frames

Doors and door frames are usually obtained from 
subcontractors who quote prices to supply and deliver 
the specified goods to the site, so the general contractor 
needs only to estimate the cost of handling and installing 
the doors and frames. Estimating these installation costs 
can again be accomplished by using a percentage of the 
price of the materials, but, once again, a more accurate 
price will be obtained if the work is taken off in some 
detail. For this purpose, doors and door frames shall be 
enumerated stating their size and type of material.

Different sections of the specifications deal with metal 
doors and frames, wood doors and frames, door assemblies, 
and special doors. All of these specification sections should 
be examined by the estimator to determine the general 
contractor’s work involved in each section. For example, 
some doors may arrive at the site “pre-hung” complete 
with finish hardware, while other doors require hanging at 
the site and being fitted with necessary hardware.

On most projects a door schedule will be included 
with the drawings or bound in the specifications 
providing information about the type and size of doors 
and frames, and often also details of the hardware 
specified for each door. The estimator will find these 
schedules invaluable for preparing door takeoffs as all 
that remains to be done is to count the number of doors 
required of each type listed on the schedule. Sometimes 
even this information is provided on the schedule.

Windows

On most projects the general contractor will obtain prices 
from subtrades to supply and install complete windows, 
storefronts, and so on for the entire project. In these 
cases there will be no work for the general contractor to 
measure in connection with windows other than blocking 
and trim previously mentioned.

However, on small jobs and especially renovation 
works, there may be a need for only a few windows and, 
perhaps, just one or two doors; in this case it may not be 
worthwhile hiring separate specialist subcontractors for this 
work. In this situation window and door components may 
be obtained directly from suppliers and be installed on site 
by the general contractor. To measure this work, individual 
windows shall be enumerated and fully described together 
with the rough opening sizes for the units.

Miscellaneous Metals

Prices for the miscellaneous metals trade are received 
from subcontractors who specialize in this work. Some 

prices quoted by these subtrades will be for the supply 
and installation of certain parts of the work, while other 
prices will be for “supply only.” This is another situation 
in which the general contractor has to estimate the cost 
of handling and installing items that are supplied but not 
installed by a trade contractor. Here again the general 
contractor will be able to prepare a more realistic 
estimate for his or her work from a takeoff of the items 
involved rather than by merely allowing a percentage 
against the supply price of these miscellaneous metals.

There is a second advantage to preparing a takeoff 
of the miscellaneous metals work. Mostly because 
miscellaneous metal items are scattered throughout 
a project and it is often uncertain whether an item is 
included in the miscellaneous metals section or another 
section, a subcontractor who quotes the supply of 
these goods usually does not give a blanket price for 
miscellaneous metals but, instead, offers a price for a 
specific list of items. The general contractor then has 
to determine that the subtrade’s list includes all the 
items required on the job, so preparing his or her own 
takeoff enables the contractor to better check the item 
list obtained from the subtrade. This task is made easier 
by obtaining from the subtrade, as early as possible in 
the bid period, the list of items the subtrade proposes to 
include in the bid. The estimator can then discuss with 
this trade, and with other trades involved, what needs 
to be added to or deleted from the list of miscellaneous 
metals items.

The miscellaneous metals trade has a wide scope 
that in very general terms can be defined as metal items 
that are neither part of the structural steel work nor part 
of any other trade section. Some of the more common 
items contained in this section and their measuring 
methods are as follows:

	1.	 Enumerate and fully describe access doors and 
frames.

	2.	 Measure miscellaneous angles and channels in lin-
ear feet or meters, stating the size and location of 
the items.

	3.	 Enumerate bolts required for anchoring miscella-
neous steel items, stating size and location.

	4.	 Enumerate and fully describe bumper posts.

	5.	 Enumerate and fully describe foot scrapers, mud, 
and foot.

	6.	 Measure in square feet or square meters and fully 
describe grates, grilles, grillwork, and louvers that 
are not part of the mechanical system. Measure 
frames for this work in linear feet or meters, stating 
size and type of section.

	7.	 Measure in linear feet or meters and fully describe 
metal handrails, railings, and balusters.
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	8.	 Enumerate and fully describe mat recess frames.

	9.	 Measure in linear feet or meters and fully describe 
steel ladders.

10.	 Enumerate and fully describe ladder rungs.

11.	 Enumerate and fully describe steel stairs and 
landings.

12.	 Enumerate and fully describe vanity and valance 
brackets.

13.	 Enumerate and fully describe metal corner 
guards. 

Specialties

The specialties trade is another wide-ranging trade 
section of the specifications that includes items of work 
such as the following: 

	 a.	 Bulletin boards

	b.	 Signs

	 c.	 Canopies

	d.	 Folding partitions

	 e.	 Storage shelving

	 f.	 Coat racks

	 g.	 Theater and stage equipment

	h.	 Chalk boards

	 i.	 Lockers

	 j.	 Mail boxes

	k.	 Toilet partitions

	 l.	 Bathroom accessories

	m.	 Security vaults

	n.	 Loading dock equipment 

Different subcontractors will offer price quotations 
for each of the distinct parts of the specialties section. 
If there are 15 parts to the section as listed, the general 
contractor will probably have to engage 15 different 
subcontractors, each responsible for his or her own 
particular constituent of this section.

As with the miscellaneous metals section, prices 
from specialties subtrades will sometimes cover the 
full cost of their work and at other times cover only 
the cost of supplying the materials involved, leaving 
the general contractor to allow for the cost of handling 
and installing the goods. This will result in the need 
for a takeoff of the general contractor’s work for the 
reasons discussed in the preceding miscellaneous 
metals section. Because the scope of this section is so 
large, only measurement of bathroom accessories, 
which is probably the most common specialties item, is 
considered here as an example.

Bathroom Accessories

Enumerate and fully describe the following items: 

	 a.	 Shower curtain rods

	b.	 Soap dispenser units

	 c.	 Grab bars and towel bars

	d.	 Mirrors

	 e.	 Napkin dispensers

	 f.	 Toilet roll holders

	g.	 Towel dispensers

	h.	 Waste receptacles

	 i.	 Medicine cabinets

	 j.	 Coat hooks 

Finish Hardware

A cash allowance for the supply cost of finish hardware 
is often specified on larger projects (see the discussion 
of cash allowances in Chapter 15); otherwise, a finish 
hardware price is obtained from a subcontractor. Whether 
a cash allowance or a subcontractor’s price is included 
for finish hardware, the sum will invariably represent 
only the cost of supplying the finish hardware products, 
so, yet again, associated handling and installation costs 
will have to be estimated by the general contractor. 
Estimating these costs calls for a quantity takeoff of all 
finish hardware requirements on the project.

Finish hardware includes the following items that 
shall be enumerated and fully described: 

	 a.	 Hinges (in sets of two hinges)

	b.	 Flush bolts

	 c.	 Bumper plates

	d.	 Deadlocks

	 e.	 Doorstops

	 f.	 Lock sets

	h.	 Latch sets

	 i.	 Kick plates

	 j.	 Panic hardware

	k.	 Push plates

	 l.	 Pull bars

	m.	 Door closers

Measuring Exterior and  
Interior Finishes

The general contractor’s estimator does not usually 
measure finishes work for an estimate as this work is 
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almost invariably subcontracted these days. But there 
are occasions when some finishing work on a small 
project may be performed by the prime contractor’s 
work force, and the estimator may sometimes need to 
check the quantity of subtrade work. Because of this, 
we have provided an example of the measurement of 
finishes on the house example we are estimating in the 
text. See Figure 7.3 on page 138 and the comments on 
the exterior and interior finishes takeoff.

Carpentry and Miscellaneous Work 
Takeoff: House Example

Comments on the Takeoff Notes Shown in 
Figure 7.2a

Rough Carpentry: Floor System
	1.	 The rough carpentry takeoff begins at the bottom 

with the supports for the floor beam. The beam is 
supported by the concrete walls at the ends and by 
adjustable steel posts in the middle. These posts are 
commonly known as “teleposts.”

	2.	 The floor beam consists of four pieces of 2'' 3 10'', 
and the full width of the building is taken for the 
length of this beam even though the length would 
be a little less than this.

	3.	 Floor joists are required at 16'' on center, so the 
number of joists is obtained by dividing the width 
of the floor by 1'4'', rounding up, and adding the 
extra end joist.

	4.	 The distance from the outer face of the north wall 
to the center of the beam is 14'0'', so 14 foot joists 
will be used here. To the south of the beam, 14 foot 
joists would be used on the right and 12 foot joists 
on the left.

	5.	 Double joists are required on each side of the stair 
opening and to the side of the jog in the south 
foundation wall, so three 14 foot joists are added. 
The joist system is completed with header joists, 
which are attached to the ends of the main joists.

	6.	 Because the joists do not overlap above the beam 
but meet end-on, cleats have been measured. These 
cleats are attached to the joists over the beam to 
add support to the butt joint between joists.

	7.	 Cross-bridging is required at midspan of the joists; 
as the cross-bridging is installed between joists, the 
number of sets of bridging is equal to the number 
of joists less one. 

Rough Carpentry: Wall System

	8.	 The perimeter of the outside face of the building 
is used to calculate the length of the exterior stud 

wall. This wall comprises three plates and studs at 
16'' on center.

	9.	 Two extra studs are allowed at each corner in the 
wall and at each opening. Also, an extra stud is 
added at each location where a partition meets the 
exterior wall. Note that the full height of the wall is 
used for the stud length even though the studs will 
be cut to fit between the plates.

10.	 2 3 10 lintels are specified for openings in the 
exterior walls. The length of these lintels is equal to 
the width of the rough opening plus 3''.

11.	 Non-load-bearing interior partitions may have 
just two plates, but three plates have been allowed 
because many builders like partitions to match 
the exterior walls to allow them to use the same 
standard stud length for all walls.

12.	 Plates for partitions are measured through door 
openings.

13.	 There are so many interior walls that a systematic 
approach is needed to ensure they are all included 
in the takeoff. The technique used here is to 
consider first the walls that run left to right (L–R) 
starting at the top of the drawing, then the walls 
that run from top to bottom (T–B) starting at the 
left of the drawing. It is a good idea to highlight the 
lengths of the walls as they are measured to keep 
track of progress and ensure that all walls have 
been accounted for.

14.	 To avoid having to examine in detail the complex 
layout of interior partitions to determine the need 
for extra studs, a quick method of calculating the 
approximate number of studs required is to allow 
one stud every 12'' along the length of the wall. 
This should provide sufficient extra studs to allow 
for the places where double studs are required.

While this method is perhaps not as accurate 
as calculating studs at 16'' on center and adding 
the necessary extra studs, it does generally provide 
a number that is quite close and in a lot less time, 
so many estimators consider this shortcut to be 
justified.

Rough Carpentry: Roof System

15.	 The number of trusses required is calculated in a 
manner similar to joists: the length of the building 
is divided by the truss spacing plus one for the end 
truss, but two trusses are deducted, as gable ends 
will be substituted for these.

16.	 The 1 3 3 ribbons are not shown on the drawings; 
they are attached along the length of the roof to the 
truss members that exceed 6'0'' long to preform the 
same function as bridging.
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Figure 7.2a  �House Example: Rough Carpentry Work (Delmar/Cengage Learning)

QUANTITY SHEET SHEET No. 1 of 13

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

Rough Carpentry - Floor System

3 ″ Dia Steel Teleposts 3 3 No.

2 × 10 in Built-up Beam 4 40.00 160

267 BM

40.0/1.33

= 30 + 1

2 × 10 Joists 31 14.00 434

16 14.00 224

15 12.00 180

3 14.00 42

2 40.00 80

960

1,600 BM

2 × 4 Cleats 31 2.00 62

41 BM

2 × 2 X-Bracing 2 30.00 60 Sets

¾" T & G Ply Floor 40.00 28.00 1,120

Sheathing DDT 20.17 2.00 (40)

1,080 SF

..............................................................

........................

.....................
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Figure 7.2a  �continued

QUANTITY SHEET SHEET No. 2 of 13

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

Wall System

Main Floor - Exterior

2 × 40.00 80.00

2 × 28.00 56.00

136.00

2 × 6 Plates 3 136.00 408 BM

136.00/1.33

= 102

2 × 6 Studs 102 8.00 816

(Corners)   6 × 2 8.00 96

(Openings)   9 × 2 8.00 144

(Partitions) 10 8.00 80

1,136 BM

½ ″ Wall Sheathing 136.00  --- 8.00 1,088 SF

2 × 10 Lintels (Window 1) 2 7.83 16

(Wins 2, 6, 7)  2 × 3 4.33 26

(Wins 3, 5)  2 × 2 6.33 25

(Wins 4) 2 2.33 5

(Wins 8, 9, 10, 11) 2 × 4 3.33 27

(Door 1) 2 4.33 9

(Door 2) 2 3.50 7

115

192 BM

......................................................................

................................

...................
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QUANTITY SHEET SHEET No. 3 of 13

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

Wall System (continued)

Interior Basement

Extr perim: 136.00

Less

4 × 2 × 0.67 (5.33)

130.67

2 × 4 Plates 3 130.67 392

3 x 2 15.67 94

3 3.08 9

495

130.67/1.33 330 BM

= 98

2 x 4 Studs 98 8.00 784

(Corners) 6 × 2 8.00 96

(Windows) 4 × 2 8.00 64

(Partitions) 2 8.00 16

960

640 BM

2 × 10 Lintels 4 3.33 13

22 BM

3.08

2 × 1½″ 0.25

3.33

2 × 4 Lintels 2 2.92 6

4 BM

2.67

2 × 1½″ 0.25

2.92

......................................................................

................................

...................

Figure 7.2a  �continued
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QUANTITY SHEET SHEET No. 4 of 13

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

Wall System (continued)

Interior - Main Floor

2 × 6 Plates 3 5.33 16 BM

5.33/1.33

= 4 + 1

2 × 6 Studs 5 8.00 40 BM

2 × 4 Plates (Left to Right) 3 2.42 7

18.50 19

7.25 7

24.42 24

2.42 2

13.00 13

5.08 5

3.67 4

(Top to Bottom) 2 1.50 3

3.50 4

2.75 3

9.42 9

2 12.50 26

7.83 8

161.00/1.33 1.83 2

 = 121 11.42 11

corners 10 × 2 20.00 6.83 7

openings 13 × 2 26.00 4.75 5

167.00 2.42 2

 3 × 161 483

322 BM

2 × 4 Studs 167 8.00 1,336

891 BM

2 × 4 Lintels (Door 3) 2.25 2

(Door 4, 5, 6, 7) 4 2.75 11

(Door 8) 1.75 2

(Door 9) 2.92 3

Carried Forward: 18

...............................................................

................................

...................

Figure 7.2a  �continued
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126	 CHAPTER 7    MEASURING CARPENTRY AND MISCELLANEOUS ITEMS

QUANTITY SHEET SHEET No. 5 of 13

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

2 × 4 Lintels (continued) Brought Forward: 18

(Bifolds 10) 2.25 2

(Bifolds 11, 13) 2 5.25 11

(Bifolds 12, 14) 2 4.25 9

(Bifolds 15, 16) 2 3.25 7

47

31 BM

Roof System

4.00/2.00

 = 20 + 1 – 2

 = 19

"W " Trusses 28 '–0" Span 19 19 No.

Gable Ends 2 2 No.

28.00

add: 2 × 2.50 5.00

33.00

½" Wall Sheathing 2 × ½ 33.00  --- 5.33 176 SF

1 × 3 Ribbons 5 40.00 200

50 BM

40.00

add: 2 × 2.50 5.00

45.00

2 × 4 Ridge Blocking 45.00 45

30 BM

......................................................................

................................

...................

Figure 7.2a  �continued
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QUANTITY SHEET SHEET No. 6 of 13

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

28.00/2  = 14.00

2.50

16.50

16.50/3  = 5.50

5.50 × √10 = 17.42

2 × 4 Barge Rafters 4 17.42 70

46 BM

17.42/2.00 = 9 -1

 = 8

2 × 4 Lookouts 4 × 8 4.00 128

85 BM

2 × 6 Rough Fascia 2 44.00 88 BM

2 × 4 Ceiling Blocking 136.00 136

91 BM

½'' Ply Roof Sheathing 2 44.00 17.42 1,533 SF

Eaves

Vented Alum Soffiit 2 40.00 2.00 160

20.17 2.00 40

(Sloped) 4 17.42 2.00 139

4 × ½ 2.00 0.67 3

342 SF

Alum ″"J " mould 2 40.00 80

2.00 2

4 17.42 70

152 LF

Alum Fascia 6" Wide 2 44.00 88

4 17.42 70

158 LF

.........................................................

................................

...................

Figure 7.2a  �continued
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Figure 7.2a  �continued

QUANTITY SHEET SHEET No. 7 of 13

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

Finish Carpentry

Stairs

3 ′–0″ Wide Stair 1 1 No.

w 13-Risers

2 × 2 Handrail 12.08 12 LF

13 × 7 7/8″ = 102.375″ rise

12 × 8½″ = 102.000″ run

 √102.353 2  + 102 2 = 144.5″

= 12.08 ′

Railing with 2 × 6 H/rail 

and 2 × 2 Balusters 11.67 12 LF

8.33

add: 3.33

11.67

Doors

2 ′–8″×6 ′–8″×1¾″ Solid 1 1 No.

Core Extr Dr & Frm

C/W AlumStorm Door

(Door 1)

3 ′–0″× 6″–8″× 1¾″ Ditto 1 1 No.

(Door 2)

.........................................................

................................

...................

99395_ch07_ptg01_115-145.indd   128

www.TechnicalBooksPDF.com



	 CHAPTER 7    MEASURING CARPENTRY AND MISCELLANEOUS ITEMS	 129

Figure 7.2a  �continued

QUANTITY SHEET SHEET No. 8 of 13

JOB:            House E×ample DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

Doors (continued)

2 ′–0″× 6 ′–8″ × 1⅜″ Hollow 1 1 No.

Core Intr Door

(Door 3)

2 ′–6 ″× 6 ′–8″ × 1⅜″ Ditto 4 4 No.

(Doors 4, 5, 7, 8)

1′–6 ″× 6 ′–8″ × 1⅜″ Ditto 1 1 No.

(Door 6)

2 ′–0 ″× 6 ′–8″ × 1⅜″ Ditto 1 1 No.

(Door 9)

2 ′–0″× 6 ′–8″ × 1⅜″ Bifold 1 1 No.

(Door 10)

5 ′–0 ″× 6 ′–8″ × 1⅜″ Ditto 2 2 No.

(Doors 11, 13)

4 ′–0 ″× 6″–8″ × 1⅜″ Ditto 2 2 No.

(Door 12, 14)

3 ′–0 ″× 6 ′–8″ × 1⅜″ Ditto 2 2 No.

(Door 15, 16)

Attic Access Hatch 1 1 No.

20″× 30″

.........................................................

................................

...................
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QUANTITY SHEET SHEET No. 9 of 13

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

Door Hardware

4″ Butt Hinges 1 1½ 3 PR

3½″ Butt Hinges 7 7 No.

Key-in-knob Lock/Latch 
sets

2 2 No.

Dead Bolts 2 2 No.

Passage Sets 4 4 No.

Privacy Sets 3 3 No.

.........................................................

................................

...................

Figure 7.2a  continued
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QUANTITY SHEET SHEET No. 10 of 13

JOB:            House E×ample DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

Windows

36″ × 12″ Window in 

Conc Wall (8, 9, 10, 11) 4 4 No.

Wndw Comprising: 2 × 18″ × 

48″ Csmt, 54″ × 48″ Fi×ed 1 1 No.

Ditto: 24″ × 42″ Casmt, 

24″ ×  42″ Fi×ed (2) 1 1 No.

Ditto: 24″ × 48″  Casmt, 

& 2 × 24″ × 48″ Fi×ed (3) 1 1 No.

Ditto: 24″ × 42″ Casmt (4) 1 1 No.

Ditto: 24″ × 42″ Casmt 

& 2 × 24″ × 42″ Fi×ed (5) 1 1 No.

Ditto: 24″ × 42″ Casmt 

& 24″ × 42″ Fi×ed (6, 7) 2 2 No.

¾″ × 1⅝″ Wndw Trim (1) 2 7.50 15

2 4.00 8

(2) 2 4.00 8

2 3.50 7

(3) 2 6.00 12

2 4.00 8

(4) 2 2.00 4

2 3.50 7

(5) 2 6.00 12

2 3.50 7

(6), (7) 2 × 2 4.00 16

2 × 2 3.50 14

118 LF

.........................................................

................................

...................

(1)

Figure 7.2a  continued
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QUANTITY SHEET SHEET No. 11 of 13

JOB:            House E×ample DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

Cabinets

2 ′–0 ″ × 3 ′–0 ″ Floor 5.50 6

Mounted cabs c/w 5.00 5

2 4.00 8

3.75 4

23 LF

2 2.00 4

4.00 4

3.83 4

5.00 5

17 LF

1′–0″ × 1 ′–10″ Ditto

(Above Range) 2.50 3

(Above Frig) 2.50 3

6 LF

4.50 5 LF

2 ′–0″ × 2 ′–6″ Bathroom 5.25 5

Vanity 4.00 4

9 LF

12″ Wide Closet Shelves 5 3.50 18 LF

1 ′–0″ × 2 ′–8″ Wall

1 ′–0″ × 2 ′–8″Ceiling Hung

.........................................................

................................

...................

Couter Top

Mounted

Figure 7.2a  continued
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QUANTITY SHEET SHEET No. 12 of 13

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

1 ′–4″ Wide Shelves (6) 4 2.33 9

(10) 2.33 2

(11) 7.00 7

(12) 5.00 5

(13) 6.33 6

(14) 5.00 5

(16) 4.75 5

39 LF

Adjustable Closet Rods 5 5 No.

Bathroom Accessories

T.R. Holder 2 2 No.

2 ′–0″ × 3 ′–0″ Mirror 2 2 No.

Med Cabinet 2 2 No.

Shower Curtain Rail 1 1 No.

.........................................................

................................

...................

Figure 7.2a  �continued
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QUANTITY SHEET SHEET No. 13 of 13

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

¾″ × 2½″ Baseboard 2 26.00 52

(L - R Kit) 2 31.75 64

2 13.00 26

2 1.50 3

(Pantry) 2 3.17 6

2 1.00 2

(Vesibule & 2 3.50 7

Closets) 2 4.75 10

2 2.00 4

(Closet) 2 2.17 4

2 4.50 9

(BathR 1) 2 7.67 15

2 7.50 15

(Master BR) 2 10.83 22

2 12.75 26

(Ensuite) 2 5.25 11

2 5.08 10

(Closet) 2 6.67 13

2 2.33 5

(Linen) 2 2.33 5

2 1.75 4

(BR 3) 2 10.50 12

2 11.25 23

(Closet) 2 5.50 11

2 2.33 5

(BR 2) 2 11.42 23

2 8.58 17

(Closet) 2 6.83 14

2 2.42 5

423 LF

.........................................................

................................

...................

Figure 7.2a  �continued
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17.	 Ridge blocking is measured along the ridge of the 
trusses plus the width of the overhang outside of 
the gables.

18.	 The length of the barge rafter is equal to the slope 
length of the roof. This length can be determined 
using the slope ratio of the roof. With a 1:3 slope, 
the slope length (hypotenuse) is the square root of 
10 times the roof height; see sketch on Figure 7.2b.

19.	 See Figures 7.2b and 7.2c for details of the ridge 
blocking, barge rafters, lookouts, and ceiling 
blocking.

20.	 The rough fascia is attached to the tails of the 
trusses and the bottom ends of the barge rafters.

21.	 See Figure 7.2d for details of the eaves.

Finish Carpentry

22.	 To calculate the slope length of the balustrade, the 
total rise and run are determined, and then, using 
the Pythagorean theorem, the length of hypotenuse 
is obtained.

23.	 If landings are required in connection with stairs, 
they would be measured here even though the work 
is actually rough carpentry.

The components of a landing would be 
measured like a floor system and may include posts, 
beams, joists, and sheathing.

24.	 Minimal details are included in the takeoff 
descriptions of doors, hardware, and windows; this 
allows the takeoff to proceed without having to 
constantly check on the different item specifications. 
At this stage there is no need, for instance, to 
ascertain the precise type of interior doors required 
when they are all to be of the same type. Specific 
requirements can be verified when these items are 
priced.

25.	 Doors will be priced as complete units so it is not 
necessary to takeoff door frames, trim, and door 
stops as the full door price will include for all of 
these items.

26.	 Note that the quantity of hinges is given in pairs 
while the other items of hardware are enumerated.

27.	 The length of baseboard is determined by taking 
2 times the overall length plus 2 times the overall 
width of all rooms regardless of shape. Note that 
closets are considered to be separate rooms and no 
deductions are made for door openings.

28.	 In the baseboard length calculation, the dimensions 
indicated on the drawings are used without 
adjustments for wall thicknesses and so on. It is 
not necessary to calculate the precise length of each 
piece of baseboard because the time it takes to do 
this is not justified by the cost of the item. 

Figure 7.2b  �Elevation of Roof Gable (Delmar/Cengage Learning)

LOOKOUT
LOCATIONS

SECTION ON
FIGURE

GABLE END

2 ′–0″O.C.

2 × 4 BARGE
RAFTER

2 × 6 ROUGH
FASCIA

1  :   ROOF HEIGHT
WITH A 1:3 SLOPE

THE SLOPE LENGTH
IS √10 × ROOF HEIGHT:

3

√10

3
1
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Figure 7.2c  �Section through Roof Gable (Delmar/Cengage Learning)

2 × 4 RIDGE
BLOCKING

2 × 4 BARGE
RAFTER

2 × 4 LOOKOUTS

TRUSS

2 × 6 ROUGH
FASCIA

2 × 6 STUD WALL

2 × 4 CEILING
BLOCKING

GABLE END

2' 0'' 2' 0''

Figure 7.2d  �Detail of Eaves (Delmar/Cengage Learning)

ALUMINUM
SOFFIT

''J'' MOULD
ATTACHED TO WALL

6'' ALUMINUM
FASCIA

2 × 6 ROUGH
FASCIA

1/2'' PLY SHEATHING ON 2 × 6 STUD WALL

TRUSS TAIL
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Exterior and Interior Finishes 
Takeoff: House Example

Comments on the Takeoff Shown in  
Figures 7.3 and 7.4

Exterior Finishes
	1.	 The measurement of exterior finishes begins at the 

foundations and proceeds up to the roof finish.

	2.	 On this house the finishes consist of asphalt damp 
proofing on the foundations below grade, parging 
on the exposed foundations, and aluminum siding 
on the framed walls, all of which are measured in 
square feet. No deductions are made for openings 
less than 40 square feet of damp proofing and 
parging, or for openings less than 1 square foot of 
siding.

	3.	 The width of the exposed top of the foundation 
wall varies from 81⁄2'' to 1'91⁄2'', with an average 
width of 1'3''. This leaves 6'9'' as the depth of the 
foundation below grade that is to receive asphalt 
damp proofing.

	4.	 Cement parging is to be applied to the exposed area 
of foundation; this is 1'3'' plus 2'' overlap with the 
damp proofing.

	5.	 The siding is applied over the joist headers but only 
up to the eaves soffit, which gives a height of 8'7''.

	6.	 The areas of all openings (over 1 square foot) are 
deducted from the siding but not from the building 
paper as only openings over 40 square feet are 
deducted from building papers, vapor barriers, and 
the like.

	7.	 A 4 inch wide flashing is allowed for over all 
window and door openings, although this is not 
clearly detailed on the drawings.

	8.	 Eaves, gutters, and down spouts are not shown on 
the drawings but are allowed for here.

	 9.	 The quantity of roof shingles is left in square feet here 
because this is a small area; roofing is usually measured 
in squares that are areas of 100 square feet with no 
deduction for openings of less than 40 square feet.

10.	 Precast concrete steps and exterior railings are 
taken off here although they are not strictly exterior 
finishes.

11.	 Windows, eaves, soffits, fascias, and trim are all 
prefinished—otherwise painting would have to be 
measured here.

12.	 Painting the exterior doors is measured with the 
interior finishes.

Interior Finishes

13.	 Flooring, drywall wallboards, insulation, vapor 
barriers, paint, and other finishes are measured in 
square feet with no deductions for openings less 
than 40 square feet.

14.	 The main floor of the house is carpeted except for 
the kitchen, dining area, front entrance, bathrooms, 
and the closet off the kitchen, which are to be 
finished with sheet vinyl flooring.

15.	 Insulation stops are installed under the roof 
between the tails of the trusses to maintain a space 
for ventilation above the insulation over the eaves.

16.	 The exterior wall of the basement is insulated and 
drywalled but left unpainted.

17.	 The length of the drywall, 432 feet on the main 
floor, is obtained from the previous takeoff of the 
baseboard.

18.	 Painting railings and balustrades is measured in linear 
feet, stating the height of the railing to be painted. 
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Figure 7.3  �House Example: Exterior Finishes (Delmar/Cengage Learning)

QUANTITY SHEET SHEET No. 1 of 3

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

Exterior Finishes

8½″

1′−9½″

2′−6″

Ave: 1′−3″

Depth

of D/proofing 

8′−0″

less <1′−3″>

6′−9″

Asphalt D/proofing 136.00  − 6.75 918 SF

1′−3″

overlap add      2″

 1′−5″

½″ Parging 136.00  − 1.42 193 SF

8′−1″

add   1 ′−0″

less   <6″>

  8 ′−7″

Siding Bldg. Paper

Horiz. Alum. Siding 136.00  − 8.58 1,167 1167

(Wndw) DDT 2 4.00  − 3.58 (29)  −

Front  (Wndw) DDT 7.58  − 4.08 (31)  −

(Door) DDT 3.75  − 6.67 (25)  −

(Wndw) DDT 4.08  − 3.58 (15)  −

(Wndw) DDT 6.08  − 4.08 (25)  −

Back   (Wndw) DDT 2.08  − 3.58 (7)  −

(Wndw) DDT 6.08  − 3.58 (22)  −

(Door) DDT 3.08  − 6.67 (21)  −

Gables ADD  2 × ½ 33.00  − 5.50 182 182

28 ′−0″  − 1,175SF 1348

  5 ′−0″ add  135  10% Laps

33 ′−0″  /6 1484SF

 = 5 ′−6″ Gable Height

.........................................................................

.....................................

.....................................
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Figure 7.3  �continued

QUANTITY SHEET SHEET No. 2 of 3

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

4″ Wide Galv. Flashing 2 4.58 9

8.08 8

4.58 5

6.58 7

2.58 3

6.68 7

5.58 6

45 LF

40 ′−0″

 2 x 2 ′−6″   5 ′−0″

45 ′−0″

Eaves Gutter 2 45.00 90 LF

2 ′−6″

9 ′−0″

extension   3 ′−0″

14 ′−6″

3" Downspouts 2 14.50 29 LF

210 lb Asphalt Shingles 1.054 45.00 33.00 1565

(starter) 2 45.00 1.00 90

1655 SF

40 ′−0″  ×  28″−0″

    5 ′−0″  ×    5'−0″

45 ′−0″  ×  33'−0″

Ridge Cap 45.00 45 LF

4″ Wide Drip-edge Flashing 2 45.00 90 LF

...................................................

...........................

...........................
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Figure 7.3  �continued

QUANTITY SHEET SHEET No. 3 of 3

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

6 Mil Poly. Eaves Protection 2 45.00 4.00 360 SF

48″ × 42″  P.C. conc. Steps

w. 4 − Risers 1 1 No.

Ditto w. 2 − Risers 1 1 No.

W.I. Railing 2′–6″  High 7.00 7 LF

Paint W.I. Railing 7.00 7 LF

...............................................................

...........................

...........................
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Figure 7.4  �House Example: Interior Finishes (Delmar/Cengage Learning)

QUANTITY SHEET SHEET No. 1 of 3

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

Interior Finishes

32 oz. Carpet 40.00 28.00 1120

DDT 20.17 2.00 (40)

(Kit. & Dining) DDT 21.50 12.00 (258)

(Front Ent.) DDT 9.42 5.08 (48)

(Bath & Closet) DDT 7.67 12.75 (98)

676 SF

Sheet Vinyl Flooring

(Kit. & Dining) 21.50 12.00 258

(Front Ent.) 9.42 5.08 48

(Bath & Closet) 7.67 12.75 98

404 SF

½″ Drywall Ceiling 40.00 28.00 1120

DDT 20.17 2.00 (40)

1080 SF

Textured Finish Ditto 1080 SF

R 35 Loose Insulation Ditto 1080 SF

6 Mil Poly. V.B. Ditto + 10% 1188 SF

Insulation Stops 2 23.00 46 No.

45 ′−0″/2 ′−0″

=  23

.............................................................

..........................

..........................
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Figure 7.4  �continued

QUANTITY SHEET SHEET No. 2 of 3

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

Exterior Walls

R 20 Batt Insulation 136.00  − 8.00 1088 SF

V.B.  a.b.            Ditto + 10% 1197 SF

R 12 Batt Insulation 133.33   − 7.67 1023 SF

(Basement)

136 ′−0 ′

LESS 4 × 8″ <2 ′−8″>

133 ′−4″

V.B.  a.b.            Ditto + 10% 1125 SF

All Walls

½″ Drywall Walls (Main) 432.00  − 8.00 3456

(Bsmt.) 133.33  − 7.67 1023

2 34.42  − 7.67 528

2 × 15 ′−8 ′ 31 ′−4″ 5007 SF

   3 ′−1″

 34 ′−5″

Paint Walls   from above 3456 SF

(Main Floor Only)

Paint Extr. Doors 2 2.83  − 6.67 38

2 3.17  − 6.67 42

2 ′−8″ 80 SF

Edge     1¾″

2 ′−9¾″

............................................................

...........................

...........................
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Figure 7.4  �continued

QUANTITY SHEET SHEET No. 3 of 3

JOB:            House Example DATE:

ESTIMATOR: DJP

DESCRIPTION   DIMENSIONS

TIMES

Stain Intr. Doors 3 2 2.17  - 6.67 29

4, 5, 7, 8 8 2.67  - 6.67 142

6 2 1.67  - 6.67 22

9 2 2.83  - 6.67 38

Bifolds: 10 2 2.25  - 6.67 30

2′−0″ 11, 13 4 5.50  - 6.67 147

+ 2 × 1⅜″ =  2¾″ 15, 16 4 3.50  - 6.67 93

2 ′−2¾″ 12, 14 4 4.50  - 6.67 120

5 ′−0″ 621 SF

+ 4 × 1⅜″=   5½″

5 ′−5½″

Paint Attic Access Hatch  -  -  - 1 No.

Paint Handrail 12.08  -  - 12 LF

Paint Wood Railings 11.67  -  - 12 LF

3 ′−6″ High

Paint Shelves  2 × 5 3.50 1.00  - 35

2 39.00 1.33  - 104

139 SF

...............................................................

..........................

..........................
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SUMMARY

�� A thorough knowledge of carpentry construction is 
required to prepare a detailed estimate of this trade. 
This is particularly true for estimating wood frame 
structures, where carpentry details are often lacking.

�� The carpentry requirements of commercial and 
institutional projects are usually well detailed. With 
this type of job the estimator has to identify carpen-
try items and determine their extent.

�� The estimator needs to apply a systematic approach 
to measuring carpentry on large projects to ensure 
that all items are accounted for.

�� The unit of measure of lumber is generally the 
board measure (BM).

�� To calculate the BM of a piece of lumber, multiply the 
length of the piece in feet by the nominal width and 
thickness of the piece in inches, and then divide by 12.

�� Items of lumber are classified in terms of the 
following: 

a.   Dimension

b.   Dressing

c.   Grade

d.   Species 

�� Framing lumber is further classified in terms of use: 
for example, plates, joists, lintels, and suchlike.

�� Trusses and rafters are described and enumerated.

�� Sheathing and siding are measured in square feet or 
square meters.

�� Materials for finish carpentry are usually supplied 
by a millwork subcontractor and installed by the 
general contractor.

�� Items of finish carpentry are generally classified and 
measured separately according to materials, size, 
and method of fixing.

�� Subcontractors usually supply doors, frames, and 
windows. General contractors generally have to 
estimate the cost of installing doors and door 
frames, but subcontractors generally quote a price 
for windows that includes supply and installation.

�� Items of miscellaneous metal are usually obtained 
from subcontractors, who quote a price to supply 
these items and may or may not also offer an instal-
lation price. When the general contractor needs to 
determine an installation price, it is most accurately 
obtained from a detailed takeoff of the items of 
miscellaneous metals.

�� The specialties trade, which includes items such as 
bulletin boards, canopies, coat racks, lockers, and 
so on, is usually estimated by obtaining subtrade 
prices for each of the items required on a project. 
Some of the subtrades will price only the supply of 
the required items, in which case the general con-
tractor will have to estimate the price of installing 
the items.

�� Bathroom accessories are enumerated and fully 
described in the takeoff process.

�� Finish hardware is often covered by a cash allow-
ance, but where it is not, it is enumerated and fully 
described in the takeoff.

�� Exterior and interior finishes are usually subcon-
tracted, but the general contractor’s estimator 
should be able to take off and price this work if 
required. 

REVIEW QUESTIONS

	 1.	Why does the estimator of carpentry work, espe-
cially on housing projects, require a comprehensive 
knowledge of carpentry details and practices?

	 2.	Describe a strategy an estimator could adopt to 
cope with the large number of carpentry details 
found on some commercial and institutional 
projects.

	 3.	Define the term “board foot.”

	 4.	What is meant by the abbreviation MBF?

	 5.	Describe how lumber generally is measured in a 
quantity takeoff.

	 6.	How would trusses as part of the construction of a 
house be measured?

	 7.	How is rough hardware accounted for in a 
carpentry estimate?

	 8.	How are the following items measured in a finish 
carpentry takeoff?

a.   Stairs

b.   Shelves

c.   Cedar paneling

d.   Custom cabinets

e.   Countertops 
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	 9.	On larger projects, where can the estimator usually 
find details of the type and size of doors and win-
dows required on the project?

	10.	Why should the general contractor’s estimator pre-
pare a detailed takeoff of miscellaneous metal items 
when a subtrade will be supplying these materials?

	11.	Make a list of specialty items that can be expected 
in a school project.

	12.	Contractors are often required to include a cash 
allowance for finish hardware in their bid price. 
What, precisely, is this cash allowance to be 
expended on? 
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3

 CHAPTER

8

PRICING GENERALLY

 OBJECTIVES

After reading this chapter and completing the review questions, you should be able to do the following:

•	 Describe the general process of pricing a 
construction estimate.

•	 Explain the concept of risk as it relates to cost 
estimates of construction work.

•	 Describe the labor-hour and unit price 
methods of pricing an estimate.

•	 Describe how unit prices may be obtained.
•	 Describe the two main components 

considered when pricing labor and equipment.

•	 Describe a strategy for dealing with factors 
that are difficult to assess on a project.

•	 Describe the use of cost reports as a source of 
information for pricing estimates.

•	 Describe how materials are classified and 
priced in an estimate.

•	 Identify the problems associated with pricing 
subcontractors’ work. 

Introduction

The process of pricing an estimate can be divided into 
two stages. The first stage consists of preparing the 
takeoff for pricing by sorting and listing all takeoff items 
under the trade section breakdown, and the second 
stage consists of pricing this sorted list of items, which 
is referred to as the recap. The reason for preparing the 
recap is to bring together all work of a similar nature 
so that the estimator can concentrate on the needs of 
one trade at a time. Also, when the recap is complete, 
prices of each trade will be presented in summary form, 
which facilitates easier evaluation of the estimate. If 
items were not recapped into trades but, instead, the 
takeoff priced directly, it would be far more difficult 
to answer questions such as the following: What is the 
total amount in the estimate for excavation equipment? 

And what is the total amount of concrete required to be 
placed on this project?

The nature of the recap breakdown depends on 
the type of work involved in the project and the type 
of contract the contractor will be entering into with the 
owner. For a general contractor working on nonhousing 
projects that are to be performed under lump-sum 
contracts, the recap will usually comprise the following 
trade breakdown:

	1.	 Excavation and backfill work

	2.	 Concrete work

	3.	 Formwork

	4.	 Concrete finishes

	5.	 Carpentry work

	6.	 Miscellaneous work
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Other trade headings could be added to the 
breakdown, such as reinforcing steel and masonry 
work, when these trades are included in the contractor’s 
usual scope of work or where the contractor wishes 
to estimate the price of these trades to compare with 
subtrade quotations.

When considering the takeoff process earlier, we 
mentioned that some estimators takeoff each of the 
recap trades separately, which makes the preparation 
of the recap much easier, but this approach has few 
devotees for the reasons we discussed in Chapter 3. 
So, when the work is not taken off trade by trade and 
especially on larger projects, processing the recap can 
be extremely time-consuming as the entire takeoff 
has to be scanned for each of the trades listed on the 
breakdown. The estimator will first scan for all the 
items of excavating and fill and list these in the recap; 
then he or she will scan for all the concrete items and 
so on, and the process will be repeated until the takeoff 
is fully recapped. This procedure has to be performed 
with great care, and a system of checking off items as 
they are carried to the recap is essential to confirm 
that all items that were in the takeoff have indeed been 
processed and are now included in the recap.

In computer estimating systems, the process of 
recapping takeoff items is handled automatically. In 
most systems a numerical code is applied to takeoff 
items that enables the computer to classify items 
and list them under the appropriate trade section for 
pricing. Depending on the system used, takeoff items 
can also be priced automatically as part of this same 
process. This demonstrates a significant advantage of 
using a computer in the estimating process because not 
only does the computerized system eliminate the time 
an estimator otherwise would have to spend recapping 
items, but it also ensures that all takeoff items will be 
accounted for. There is very little chance of a takeoff 
item being overlooked and not priced once it has been 
entered into the computer.

Returning to the manual process, once the recap 
is prepared, the pricing procedure can commence. In 
pricing a construction estimate, there are five price 
categories that need to be considered:

	1.	 Labor

	2.	 Equipment

	3.	 Materials

	4.	 Subcontractors

	5.	 Job overheads

We will consider the particular factors that affect 
the level of prices in each of these categories, but there 
is one factor that impacts all of those categories: the 
contractor’s risk.

Contractor’s Risk

In Chapter 15, we suggest that the estimator, when 
considering the amount of profit to add to a bid, 
should assess the amount of risk the contractor will be 
assuming if awarded a contract to construct the project. 
In essence, the risk we are contemplating here is the 
risk of the contractor losing money in the process of a 
building project, which happens where the actual cost 
of constructing the project exceeds the estimated cost. 
The precise nature and value of this risk on any given 
project are not simple things to evaluate. First we have 
to consider the nature of the contract that the contractor 
enters into with the owner, for it is from the terms of 
this contract that much of the contractor’s risk emerges.

For example, the contract could state that the 
contractor will be reimbursed all project costs by the 
owner plus an added amount for profit; this is known 
as a cost-plus contract (see Chapter 1 for a discussion 
of various contract types). With a cost-plus contract, 
the contractor’s risk will be reduced to a minimum. A 
negligent contractor who fails to accurately track all 
costs could still lose money under these terms, but the 
majority of contractors will find cost-plus contracts 
profitable since most of the risk is borne by the owner 
rather than the contractor.

If the contract is a stipulated lump-sum type, which 
is the type of contract used on the vast majority of 
construction projects, the contractor agrees to perform 
the work of the project for the bid price. In this situation, 
if the work costs more to put in place than the price 
offered, the contractor will lose money. This is because 
the terms of these contracts make it clear that the amount 
of money forthcoming from the owner to pay for the 
work is limited to the contractor’s bid price. Only where 
the owner changes the scope of work of the contract will 
the contract price change. Otherwise, if the work costs 
more than the amount of the contractor’s bid price, the 
extra costs will have to be paid by the contractor.

When a contractor is working under the terms of a 
lump-sum contract, there are three general reasons why 
actual costs may exceed estimates:

	1.	 Takeoff quantities are too low.

	2.	 Actual productivity does not meet anticipated 
productivity.

	3.	 Subcontractors or material suppliers fail to meet 
obligations. 

The possibility of inaccuracy in the measurement 
of takeoff quantities is a risk that is fundamental to the 
estimating process. The principal objective of following 
the systematic methodology of preparing a quantity 
takeoff outlined in preceding chapters is to minimize 

99395_ch08_ptg01_146-157.indd   147



148	 CHAPTER 8    PRICING GENERALLY

the possibility of error in the results. But even the most 
careful estimator can make a mistake in the takeoff—a 
fact that every experienced estimator will admit—and 
although computer systems can help reduce this risk, they 
cannot eliminate the risk. So an important task of senior 
estimators is still the review of their colleague’s takeoffs to 
try to identify anything that may have been done in error.

Time and cost restraints usually make it impossible 
for a second estimator to check every single step 
that was taken in the preparation of a takeoff, but 
veteran estimators develop an ability to make broad 
assessments of takeoffs that can often enable them to 
detect deficiencies. This assessment, nevertheless, is not 
perfect; inevitably some errors will still go undetected. 
Consequently, there is always some takeoff risk that 
needs to be addressed when the project fee is considered 
and the bid price is finalized.

A discuss ion of  the r isk associated with 
productivities, subcontractors, and suppliers follows.

Pricing Labor and Equipment

There are two basic methods of pricing labor and 
equipment. In the first method the estimator uses 
productivity rates to convert the takeoff quantities into 
labor-hours and equipment-hours, and then applies 
wage rates and equipment rates to the total hours to 
obtain the estimated labor and equipment prices for 
the project. The second method of pricing labor and 
equipment makes use of unit prices that are applied to 
listed takeoff quantities to calculate the total labor or 
equipment price for the work involved. While there are 
some advantages attached to the first method of pricing, 
particularly when assessing productivities of the work 
involved, it can get complicated when there are a 
number of different trades involved, each with their 
own set of wage rates. The second method of pricing 
is adopted here because it is a more straightforward 
approach to pricing and is the method most used by 
contractors in the commercial construction sector.

Here is an example of a typical line from an 
estimate priced by this second method:

Item Quantity Unit     Prices Labor Equipment

Excavate 	
Pits

1000 CY $7.00   $6.13 $7,000 $6,130 

The quantity of work measured in the takeoff, in 
this case pit excavation, is multiplied by the unit price 
to obtain the total price for labor and equipment for 
that item.

Whichever method of pricing is used, it is clear 
that there is a high-risk factor in pricing labor and 

equipment because each involves two components that 
are subject to variations that can be difficult to predict. 
The two factors are as follows:

	1.	 The hourly wage rate of labor or hourly cost of 
equipment

	2.	 The productivity of the labor or equipment 

Wage Rates

All of the labor unit prices used in the estimates that 
follow are derived from the base wages of the labor 
craft involved. The wage rates used in this text represent 
average rates, but it must be noted that rates vary from 
state to state and even from place to place within a state. 
Before the labor costs of an estimate can be priced, the 
estimator has to ascertain the craft wage rates that apply 
in the location of the project. Where union labor is used, 
the wage rate will be the rate that is found in the local 
union agreement for the craft involved. Nonunionized 
labor is paid the open-shop wage rate that is agreed to 
between the contractor and its individual workers. On 
projects funded by state or federal government money, 
crafts are usually paid the prevailing wage for the vicinity 
of the work site. The prevailing wage is calculated from 
a survey of wages in a geographical area.

In addition to the base wage rates, employers also 
have to consider such items as Social Security tax, 
unemployment tax, workers’ compensation insurance, 
liability insurance, and other fringe benefits. The 
amount of these additional contributions, referred to as 
payroll additive in the following, is calculated on the 
estimate summary sheet as a percentage of the total 
labor content of the bid price. See Chapter 15 for a 
discussion of payroll additive.

While a single wage rate can be used for each 
craft over the course of a project of short duration, the 
estimator has to predict how wage rates will change 
over the term of longer projects for each of the different 
crafts used in the work. This task is perhaps easier 
when dealing with unionized labor when definite wage 
agreements are in place, but the assessment can never 
be done with total certainty. Even with apparently firm 
union agreements, events can render the terms of these 
agreements invalid, leaving the contractor with wage 
bills that differ greatly from those anticipated.

Faced with the prospect of a construction project of 
long duration, historical trends can be studied to help 
predict the level of future wages. The usual procedure is 
to examine the shape of the graph of actual wage rates 
plotted over a number of years and from this graph 
determine the average rate of wage increment. From 
this, the analyst can proceed to extrapolate along the 
graph line to arrive at the projected wage rates for the 
term of the project. Yet, no matter how scientifically 
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this process is accomplished, in times when economic 
stability cannot be guaranteed, estimating future wage 
rates from previous trends amounts to little more than 
guesswork.

Equipment Rates

Accurate predictions of future hourly costs of 
construction equipment can be just as difficult to 
evaluate as future wage rates. Ownership costs of a 
contractor’s own equipment can be analyzed with 
some certainty (see Chapter 9 for examples), but even 
these calculations are based on assumptions about such 
things as life expectancy, maintenance costs, and salvage 
values, all of which can vary from expectations.

Rental rates of equipment can also be difficult to tie 
down because they fluctuate in response to a number of 
variables, including the level of economic activity in the 
construction industry, interest rates, taxes, import duties, 
and even construction labor wage rates. (Steeply rising 
wage rates cause managers to substitute equipment for 
labor wherever possible; this increases the demand for 
equipment, which can raise rental rates.)

The rental rate at the time the work is executed, 
therefore, can be quite different from the rate that is 
forecast at the time of the estimate. The risk of rental 
rate increases can be managed to some extent by 
procuring guaranteed price quotations from rental 
companies for major equipment on some projects, but 
these firm price agreements are not always obtainable.

In addition to the risk that rental rates at the time 
of the work may be higher than those quoted at the 
time of the bid, there are a number of other factors 
regarding equipment rental rates that the estimator 
should take into account. Whenever rental rates are 
solicited, the estimator should obtain the following 
rental information:

	1.	 What are the age and condition of the equipment 
being offered?

	 2.	 Is the cost of an operator included in the rates 
quoted?

	 3.	 Do the rates include the cost of necessary 
maintenance of the equipment (on longer rentals)?

	 4.	 Is the cost of fuel included in the rental?

	 5.	 Is there a minimum rental fee or a minimum rental 
duration that translates into a minimum rental fee?

	 6.	 Will there be additional charges for delivery?

	 7.	 Are there any accessories needed to operate the 
equipment; if so, at what price are they available?

	 8.	 What taxes or license fees over and above the rental 
fee are applicable?

	 9.	 What insurance coverage is included in the rental 
agreement?

	10.	 Are there any special qualifications needed before 
the contractor can legally operate the equipment? 
(In some jurisdictions, some proof of operator 
training is required before certain equipment can be 
legally used.) 

Obtaining Unit Prices

Clearly, if an estimator is to use the unit price method 
to price up their estimate, applicable unit prices have 
to be obtained. There are a number of sources for unit 
prices including: 

	1.	 Publications

	2.	 Prices from past jobs

	3.	 Prices calculated from the analysis of past jobs 

Publications can be useful but they tend to be a last 
resort when pricing for a bid because they are based 
on “average” productivities, which are not competitive.  
Also the labor and equipment rates used are probably 
not the same as those in your area. The chief estimator 
for a large general contractor once commented that if 
they used the rates from a publication their bid price 
would always be too high.

Using prices from your past jobs is better since they 
reflect the capabilities of your own work crews and 
you may have some idea about the projects and the 
conditions under which that work was done.  Below we 
examine the use of cost reports as a means of obtaining 
unit price information for future estimates.

Also discussed below are the many factors that 
have an impact on productivity; the better acquainted 
you are with the source of the past unit prices, the 
easier it is to make adjustments for the particular 
nature of the project being estimated. However, 
unit prices from past jobs may, like those from 
publications, may be based on wage and equipment 
rates that are not applicable to the project being 
estimated. Even if the unit prices are from the same 
location as the new project, wages and equipment 
rental rates may have changed since the unit prices 
were obtained.

So, probably the best way to go about obtaining 
unit prices is to calculate them from a productivity 
analysis of previous projects. In the chapters 
that follow you will find many examples of how 
productivity for various trade crews can be analyzed 
from the job records of completed projects. Here 
is an example of how this may be done for a crew 
excavating pits.
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Example

On a previous project the labor crew consisted of:

1 laborer @ $25.00>hour 5 $25.00

1 equipment operator @ $35.00>hour 5 $35.00

Total Labor Cost 5 $60.00

Equipment used was a backhoe with a rental 
rate of $52.50/hour.

This crew was observed to excavate 274 CY of 
small pits over a period of four days working eight 
hours per day.

Therefore:

Labor unit price 5 $60.00 3 32 hours>  274 CY

5 $7.00>CY

Equipment unit price 5 $52.50 3 32 hours>274 CY
5 $6.13>CY

The productivity of this crew is: 
274 CY>32 hour 5 8.56 CY/crew-hour.

Since crew-hour is a loose term that can vary 
depending on the number of workers on the crew, 
more precise units of productivity would be labor-
hours, where a labor-hour is defined as one person 
working for one hour.

So, here the number of labor-hours 
worked 5 32 3 2 5 64 labor-hours.

And, productivity 5 274 CY / 64 labor-hours
5 4.28 CY/labor-hour.

Using this productivity rate, the labor unit cost 
could be calculated thus:

Labor cost per CY 5 Average crew cost per labor- 
hour>productivity per labor-hour

5 ($60.00 >  2)>4.28 CY>labor-hour

5 $7.00>CY

So, if this crew worked on a future project 
similar to the previous job, the productivity of 
4.28 CY/labor-hour might remain constant, and 
this could be applied to the new wage rates to 
determine the new unit price for excavating pits. 
For instance, if the laborer wage is now $30.00/
hour and the operator is paid $40.00/hour, the new 
unit price could be calculated thus:

Labor price per CY 5 ($30.00 1 $40.00)>2 >  4.28
5 $8.18>CY

Productivity of Labor and Equipment

The productivity of labor and equipment is influenced 
by a large number of factors that can differ greatly 
according to the time and place of a project. These 
factors can be classified into two main groups: job 
factors and labor and management factors.

Examples of job factors include the following:

	1.	 Weather conditions expected at the site

	2.	 Access to and around site

	3.	 Site storage space

	4.	 Nature of the project, its size, and its complexity

	5.	 Distance from materials and equipment sources

	6.	 Wage and price levels at the job location 

Examples of labor and management factors include 
the following:

	1.	 Quality of job supervision

	2.	 Quality of job labor

	3.	 Motivation and morale of workers

	4.	 Type and quality of tools and equipment

	5.	 Experience and records of similar projects  
in the past 

Job Factors
The contractor has very little influence, if any, over the 
job factors that prevail on an individual project, but the 
nature of these factors should be carefully investigated as 
they can have a major impact on the rates of productivity 
and thus the cost of work done. Each of the job factors 
listed can vary over a wide range of possible conditions. 
The estimator has to learn to determine the implications 
of the particular conditions expected on the project with 
regard to their impact on job factors. Following are 
some observations on the method of investigating job 
factors and examples of some situations that may be 
encountered on different projects.

Weather Conditions      If the estimator is unfamiliar 
with the prevailing weather conditions at the location 
of the job, weather reports may be obtainable from a 
weather-monitoring agency in the vicinity of the site. 
Particular attention should be paid to data about the 
extreme and average summer and winter temperatures, 
together with information regarding expected rainfall 
and snowfall amounts at the site location. Many 
contractors have discovered to their detriment that 
weather conditions that are normal at the site of the 
work make it impossible to attain the productivity 
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levels they experienced on previous projects in other 
locations. A little investigative work at the time of 
the estimate can often help to avoid overoptimistic 
production forecasts.

Site Access      The quality of site access can affect 
productivity in many ways. Poor access to some sites 
may restrict the size of equipment that can be used 
for the work so that smaller, less efficient items of  
equipment have to be used rather than items of a more 
appropriate size. If large trucks are not able to get 
close to a site due to restricted access, they may have to 
unload some distance away and then move the material, 
some time later, to the actual work area. This double 
handling of materials can significantly raise the cost of 
work.

Storage Space      Cramped storage space at a site can 
also necessitate double handling of materials where 
materials have to be temporarily stored at one location 
and then moved on site some time later. “Just-in-time” 
delivery of materials in accordance with a precise 
schedule can be used to avoid this kind of double 
handling, but working to this kind of schedule requires 
extensive and careful management of operations that is 
not always available.

Nature of the Project and Other Job Factors      Clearly, 
certain types of projects will have a different cost 
structure from other types of projects. Even though a 
school building and a parking garage may both have 
concrete walls and slabs, the cost of these components 
will probably be different because they perform a 
different function on each job and, thus, their design 
will not be the same in each case.

Large jobs are generally less costly per unit than 
small jobs. Where there are large quantities of repetitive 
work to be performed on a project, the contractor may 
obtain increased productivity from work improvements 
attained because operations are repeated. Studies have 
shown that when a relatively complex work activity is 
repeated, there is an opportunity to improve production 
rates because those involved in the work learn to 
perform it more efficiently. But situations in which a 
certain operation is performed just once or only a 
few times exclude the contractor from the benefits 
of a learning rate achieved in repetitious operations. 
Even on large projects, the work may be too diverse 
to enable the contractor’s crews to achieve a significant 
learning rate.

Labor and Management Factors
Like job factors, some of the labor and management 
factors are also beyond the control of the contractor. 

Over the long term, a contractor may be able to develop 
effective supervisors and workers inside the company, 
but, because of the cyclical nature of the construction 
business, contractors often find it difficult to maintain 
enough employment to hold on to these good workers. 
Consequently, the staffing of most jobs requires the 
contractor to hire many workers from outside the 
company. Therefore, the quality of supervision and 
the labor available for the project often depend most 
on the economic climate at the time of the work. In a 
strong economy in which there is plenty of construction 
work under way and contractors are busy, the better 
supervisors and workers will not be available because 
they will already be fully employed, so the contractor 
may have to make do with lower-quality personnel for 
the next job. In a weak economy, good workers are far 
easier to find.

Some labor and management factors can, however, 
be influenced by the contractor. Efforts can be made 
to cultivate high morale and motivation of workers at 
the job site; a contractor can try to ensure that projects 
are equipped with high-quality, well-maintained tools 
and  euipment to pursue the work. The concepts of 
“total quality management” have been embraced by 
a number of construction companies that endeavor, 
through a process of constant improvement, to develop 
their personnel into a highly productive workforce. 
These contractors are convinced that these efforts will 
improve their company’s competitive edge, which will 
ensure their future success in the industry.

Use of Cost Reports

If an estimator had a range of accurate historic prices 
for the labor or equipment requirements of each work 
item on a project, then by accounting for all the factors 
and variables associated with that project, the estimator 
would be able to determine the price of each item with 
some confidence. But how does an estimator come by 
such a range of prices? What is required is a database 
of information on the precise cost of work items over a 
variety of past jobs that were completed under carefully 
monitored conditions. From this painstakingly gathered 
historic data, a range of realistic prices for each work 
item of an estimate can be established. This then allows 
the estimator to assess the cost of any particular work 
item on the range and arrive at a reasonable prediction 
of the cost of that item.

In order to be effective, a historic cost database for 
use in estimating has to be assembled systematically; a 
haphazard collection of previous project costs gathered 
using different systems of measurement and costing will 
be more of a hindrance to good estimating than a help. 
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A satisfactory cost database can only be developed from 
an accurate and consistent cost-reporting system, which 
is pursued in four key processes:

	1.	 The priced takeoff items on the estimate are coded 
to produce the project budget. Some of the estimate 
takeoff items may be combined to provide a simpler 
breakdown that is easier to use than a detailed 
estimate in the cost-reporting system.

	2.	 As the work is performed on the project, labor-
hours and equipment-hours expended are coded 
to the applicable work items of the budget. This 
coding function is best performed by the site 
supervisors who are responsible for the work 
in progress as they are in the best position to 
determine exactly which work item their work 
crews are working on.

	3.	 The quantity of work done in each of the work 
items under way is measured in accordance with 
the same rules of measurement followed by the 
estimators. Measurements that are most consistent 
with the estimate quantities will be obtained if 
work completed is measured by estimators, but this 
is generally not possible, so site personnel usually 
have to perform the task.

	4.	 Company accountants apply wage rates and equip-
ment prices to the hours coded. This determines the 
labor cost and equipment cost for each work item. 
Then these costs are combined with the work quan-
tities to generate the actual unit costs of the project 
work items.

See Figure 8.1 for an example of a cost report 
prepared in this way. The cost report shows the budget 
amounts and budget unit prices in the form of an 
estimate summary. Next, the amounts that have been 
spent on each of the items in the current month are 
shown together with the unit costs calculated from the 
quantity of work done on each item. The amount spent 
to date and the unit costs to date are then shown, and 
finally, based on the rates of productivity realized to 
date, projections of the final costs are indicated.

Project Information with Cost Reports

A carefully and systematically prepared cost report is 
necessary for obtaining accurate data for estimating 
purposes but does not provide sufficient information to 
accurately price the work of a new project. Before the 
data from cost reports can be used effectively, two basic 
questions must be answered:

	1.	 Why did the estimator choose the original unit 
price for an item?

	2.	 Why did the actual unit price for the item vary from 
the estimated unit price? 

While it is not the objective of the estimating process 
to predetermine the exact cost of every item of the work, 
it is useful for several reasons to learn why the actual cost 
of the work did vary from the estimated cost. If the quality 
of estimating is to improve, some feedback of information 
about actual results is necessary. The unit prices used in 
the estimate could have been inappropriate because of 
an estimating problem, because of a production problem, 
or simply due to unfortunate circumstances. We need to 
know the true reason for the variance.

As an example, consider the amounts shown in 
Figure 8.1 to be a record of the costs of Job #1. As you 
see, the final costs for stripping topsoil on this project 
were $0.96 and $2.05 per cubic yard for labor and 
for equipment, respectively. This compares with the 
amounts $0.80 and $2.00 that were originally estimated 
for this work. An estimator who is faced with the task 
of estimating the cost of stripping topsoil on a similar 
project (Job #2) has to decide whether to use $0.80 and 
$2.00 again or raise the prices to reflect the higher costs 
encountered on Job #1. There could be many different 
reasons why the costs of Job #1 were different from 
the estimate, but essentially what the estimator needs 
to know is: Were the estimate prices wrong, or did 
something happen in the execution of the work that 
caused the costs to be higher than expected?

If the estimator of Job #1 is the same person as 
the estimator now considering Job #2, and Job #1 
was constructed quite recently, then this estimator will 
be aware of the factors determining the unit prices 
of Job #1 and will probably have a good idea of the 
reasons why the final unit costs varied from the unit 
prices. That being the case, good use can be made of the 
cost information contained in the cost report for Job #1. 
But if the estimator of Job #1 is no longer around, or 
if Job #1 took place some time ago, the information 
necessary to properly evaluate the Job #1 cost report 
may be lacking. Also, if an estimator works on more 
than 30 bids per year and numerous projects are under 
way, all generating cost reports, it can be difficult to 
keep track of all the information involved, with the 
result that, when the cost report of a particular project 
is studied, the estimator may be uncertain of the actual 
circumstances surrounding that project.

To ensure that the needed project information is 
available to future estimators, the final cost report on 
a project should be accompanied by two commentaries: 
one should be from the project estimator describing the 
basis of the unit prices, at least for the substantial items 
of the estimate. A second report should come from the 
project supervisor, or the estimator if he or she has been 
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closely observing the progress of the job, describing 
the actual conditions that precipitated the unit costs 
realized. Armed with this information, the estimator is 
far more likely to obtain appropriate unit prices when 
estimating subsequent projects.

We can add that there are additional benefits 
that may be obtained from having estimators write a 
commentary on the unit prices they chose for a project. 
By performing this task, the estimator is disciplined to 
seriously think about the factors affecting unit prices 
rather than just pick a price for vague, if any, reasons. 
Additionally, the mere process of writing out their 
justifications often contributes to clearer thinking in 
estimators. Certainly, an estimator who has prepared 
detailed notes can provide a far more coherent 
explanation when questioned about unit prices at the 
management review of the estimate.

Strategy for Pricing Labor and Equipment

One pricing strategy used by some contractors, especially 
when producing a competitive bid, consists of adjusting 
unit prices for job factors and management factors that 
are relatively certain and then being optimistic with the 
other factors. For example, the estimator may know 
that access to the site is good, the size of the job is 
small, and supervision and labor at the site will be good 
quality; item prices are thus adjusted to reflect the effect 
of these factors. But for weather conditions, worker 
morale, and other factors for which there is uncertainty, 
the estimator makes optimistic assumptions that keep 
the prices inexpensive. The total dollar value of these 
“optimistic” assessments is calculated, and, when the 
fee for the job is determined, the appraised risk factor 
is accounted for.

There is certainly some danger involved in this 
strategy, but whether or not the strategy is adopted, 
estimators should always be encouraged to take time 
to try to identify the estimating risks because this 
information is needed to properly complete a bid. 
Quantifying and subsequently dealing with the project 
risk are studied later when we consider the process of 
completing the bid in Chapter 15.

Pricing Materials

The materials used in a construction project fall into 
two broad categories: materials that form part of the 
finished structure such as concrete, and materials that 
are consumed in the construction operations such as 
formwork and fuel oil. Items in the first category are priced 
using unit prices against the recapped work quantities in 
the same way as labor and equipment are priced. Some of 

the consumable materials used on a project are included 
in the price of the permanent work. For instance, the cost 
of form materials is added to the concrete work price 
for the project. The cost of other consumables such as 
fuel and lube oil can be found in equipment prices (see 
Chapter 9), and consumables are priced in a number of 
general expense items (see Chapter 14).

There should be less risk involved in the pricing 
of materials than there is with labor and equipment 
pricing. Once the work item quantities are established 
in the takeoff process, the estimator should be able to 
obtain firm prices from material suppliers for the 
supply and delivery of materials, which will minimize 
the contractor’s risk. Simply using a catalog price for 
materials may be acceptable for pricing minor items, but 
where significant quantities are involved, the estimator 
should communicate quantities and specifications to 
suppliers and ask them to return firm prices for the 
supply of materials that meet the project requirements. 
By following this procedure, volume discounts may be 
obtained and firm prices for the project can be secured.

Although the unit prices used to price materials 
are based on quotations from the suppliers of these 
materials, seldom are the unit prices used in the estimate 
obtained directly from the suppliers. The packaging units 
of materials obtained from suppliers are different from 
the units measured in the estimate. Even where suppliers 
do quote prices for the same unit of measurement as the 
estimate, like concrete, the suppliers’ prices need to be 
adjusted to account for wastage of materials. But, when 
pricing grout materials, for example, the estimator needs 
a price per cubic foot, which is the unit of measurement, 
but the supplier’s quote might be on the basis of a 
price per cartridge of grout. In this case the estimator 
will have to determine the size of the grout cartridge in 
order to calculate the price per cubic foot. These types 
of adjustments will be examined in more detail in the 
sections concerning the pricing of specific trades found 
in the following chapters.

When pricing any materials, there are a number of 
questions that should be answered before the prices are 
used in an estimate:

	1.	 Do the materials offered by the supplier comply 
with the specifications?
If gravels are specified to meet certain grading 
requirements, for instance, the estimator should 
ensure that the prices quoted by the supplier are for 
gravels that satisfy these requirements.

	2.	 Do the prices quoted include delivery of the 
materials to the site?
Wherever possible, suppliers should be required to 
quote the price of materials “F.O.B. (free on board) 
the site”, which, in the absence of a definition to 
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the contrary, is interpreted to mean that the price 
includes delivery to the site but the contractor 
is responsible for the cost of any unloading 
requirements at the site.

	3.	 Can the contractor rely on the supplier’s prices to 
remain firm until the owner awards the contract?
If the contractor is required to give the owner 
30 days to award the contract, consent should be 
obtained from the material suppliers to hold their 
prices firm for this time period. When the owner 
awards the contract, the contractor can ensure 
that the prices continue to remain firm by issuing 
purchase orders to the suppliers.

	4.	 Does the supplier’s price include state or city sales 
taxes?
Materials are usually quoted exclusive of taxes, and 
then state and city taxes are added, where they apply, 
to the item prices for materials used in the estimate.

	5.	 Will there be any storage or warehousing 
requirements for the materials?
On-site storage is often required for construction 
materials before they are incorporated into the 
structure. The estimator should ensure that storage 
space requirements can be met at the site; if they 
cannot, temporary storage of materials off-site 
may be necessary, which can have significant costs 
associated with it.

	6.	 What are the vendor’s terms of offer?
Almost all price quotations received from material 
suppliers will have terms and conditions attached to 
them. In the chapters that follow, we will consider 
many of the common terms and conditions of 
sale that attach to specific types of materials such 
as concrete and lumber, but there are some terms 
that are found on quotes for all kinds of materials. 
Payment terms fall into this category.

Owner-Supplied Materials

Most project specifications provide detailed descriptions 
of the materials to be supplied by the contractor. The 
contractor is often told in no uncertain terms what 
materials are required for the project, what brands 
are acceptable, and, sometimes, where to procure the 
goods required. However, when some of the project 
materials or equipment are to be supplied by the owner, 
specifications of exactly what is to be provided may 
be quite skimpy. The estimator has to be careful in 
these situations, particularly where the owner-supplied 
materials or equipment are to be installed by the 
contractor or even if they are simply to be handled in 
some way by the contractor.

Details of size, weight, and packaging are usually 
necessary to estimate handling costs, but additional, 
more detailed information can also be required. On 
some projects an owner may supply concrete that 
is to be placed and finished by the contractor. If the 
contractor’s price for placing the concrete is based on 
the use of concrete pumps, the estimator is wise to 
ascertain details of the proposed concrete mix because 
some mixes are easier to pump than others and some 
mixes are virtually impossible to pump into place.

Pricing Subcontractors’ Work

On the face of it, the process of pricing subcontractors’ 
work in the general contractor’s office would appear to 
be quite simple. Subtrades prepare takeoffs and price 
the work of their own trade; then they submit lump-sum 
prices to the general contractors who are preparing bids 
to go to the owner. The general contractors examine 
the prices received from subtrades and customarily 
select the lowest price for each trade, which, in turn, 
is incorporated into the general contractor’s bid price. 
By following this procedure, the risk of cost overruns 
is shifted to the subtrade, which agrees to perform the 
work of its trade for a firm price it quotes. However, 
the process is not quite as straightforward as it 
appears. Some of the problems associated with pricing 
subcontractors’ work are as follows:

	1.	 Not all subtrades offer lump-sum bids; some 
trades bid unit prices for work. For instance, a 
subcontractor may quote a price of so much per 
foot to supply and install concrete curb and gutter. 
In this case, the contractor will need to take off the 
length of curbs required for the project and then 
apply the unit price to the quantity obtained.

Other subtrades offer prices on an hourly basis. 
Excavation trades may present a price per hour 
for the use of operated excavation equipment; in 
this case, not only will work quantities have to be 
taken off, but also an assessment of the probable 
productivity rate of this crew will be needed before 
a complete price for the work can be calculated.

	 2.	 The subtrade’s interpretation of what is and what 
is not part of the work of its trade may differ from 
the general contractor’s interpretation. This problem 
is reduced where there are definitions of the scope of 
work in a trade available from trade associations or 
local bid rules. Even when these trade scope definitions 
are available, the general contractor’s estimator has to 
ensure that all the work he or she expects the trade to 
perform is, in fact, covered in the subtrade’s bid.
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	 3.	 The subcontractor whose price is used in the general 
contractor’s bid to the owner and who is awarded the 
subtrade work may be unable to perform the work. 
The most common reason for failure to perform is 
the financial collapse of the subtrade. While legal 
action against the defaulting subtrade is possible, 
suing a bankrupt outfit is a fruitless endeavor. This 

risk can be reduced by calling for performance bonds 
from subtrades and by making a habit of checking 
the financial health of major subtrades. 

These points will be examined in more detail when 
the pricing of individual subtrades’ work is dealt with 
in Chapter 13.

SUMMARY

�� Pricing an estimate consists of first sorting and list-
ing all takeoff items according to the required trade 
breakdown (the recap) and then applying prices to 
this sorted list of items.

�� If computer estimating is used, the process of sort-
ing into a recap is automated using a numerical-item 
coding system in the takeoff.

�� There are five price categories considered in the 
pricing of an estimate:

1.	 Labor

2.	 Equipment

3.	 Materials

4.	 Subcontractors

5.	 Job overheads 

�� There are three general reasons why project costs 
may exceed estimated prices:

1.	 Takeoff quantities are too low.

2.	 Actual productivity does not meet anticipated 
productivity.

3.		 Subcontractors or material suppliers fail to meet 
obligations. 

�� The estimator’s work is usually reviewed in order 
to reduce the risk of takeoff errors.

�� There are two main components to consider when 
pricing labor and equipment, both of which may be 
difficult to predict:

1.	 The hourly wage rate of labor or hourly cost of 
equipment

2.	 The productivity of labor or equipment 

�� Unit prices for estimates can be established in a 
number of ways; obtaining prices from the produc-
tivity analysis of previous projects is arguably the 
best way to proceed.

�� In order to price labor, the estimator has to determine 
the wage rates that apply to the project and predict 
how these rates will change over the life of the project.

�� Equipment rates depend on ownership costs or 
rental rates, both of which can be difficult to pre-
dict for a project.

�� The productivity of labor and equipment is gov-
erned by two groups of factors:

1.	 Job factors that have to do with the nature 
and location of the particular project under 
consideration

2.	 Labor and management factors that mainly 
relate to the quality of supervision and the skills 
of workers on the project. 

�� The contractor will have little if any influence over 
job factors, but must carefully examine these fac-
tors before pricing the work, including probable 
weather conditions, site access, and repetitive work.

�� Because a contractor will often need to hire supervi-
sors and workers on a project-by-project basis, the 
quality of project workers mostly depends on the 
economic conditions at the time and in the vicinity 
of the project. It is difficult to find good workers 
when busy economic conditions prevail.

�� A database of accurate historic labor and equip-
ment costs is a useful source of information when 
pricing an estimate. This is generally obtained from 
previous project cost reports.

�� It is also beneficial to have information about why 
the final cost of work shown on a cost report varied 
from the estimated costs.

�� Estimators are usually optimistic about conditions 
that are difficult to predict. The financial risk of 
this optimism is then accounted for when assessing 
the fee to be added to the estimate.

�� Construction materials are classified as those that 
are part of the finished structure such as concrete 
and steel, and those that are consumed in the con-
struction process such as formwork and fuel.

�� There is less risk of cost overruns with material esti-
mates since firm prices can be obtained from sup-
pliers for the supply of materials.
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�� The price of materials entered into an estimate has 
to be calculated because the units that materials are 
packaged in often differ from takeoff units.

�� On most projects the contractor is required to sup-
ply and install materials that comply with specifi-
cations, but some materials may be owner-supplied 
and then installed by the contractor. In such a case, 
the contractor needs to obtain detailed information 
about the nature of what is to be installed.

�� While pricing subcontract work may appear to be 
straightforward—the subtrade estimates the price 
of its work and submits the price to the general con-
tractor—in practice there can be many problems 
associated with pricing this work. Such problems 
range from concern about the subtrade’s ability to 
perform the work to overlap or gaps in the cover-
age of subtrade work. 

 REVIEW QUESTIONS

	 1.	Describe the two stages involved in pricing an 
estimate.

	 2.	Describe how computers can help with the first 
stage in pricing an estimate.

	 3.	List the five price categories that need to be 
considered when pricing a construction estimate.

	 4.	What is the “contractor’s risk,” and how does it 
relate to the type of construction contract to be 
used on a project?

	 5.	List three general reasons why actual costs may 
exceed estimated costs on a lump-sum contract.

	 6.	Describe the two basic methods of pricing labor 
and equipment in an estimate.

	 7.	Research the wage rates of the following crafts in 
your area:

a.	 Laborer

b.	Carpenter

c.	 Cement finisher

d.	Brick mason

e.	 Equipment operator

f.	 Teamster

	 8.	Why is the accurate pricing of labor and equipment 
very difficult on some projects?

	 9.	What ten questions should be considered regarding 
equipment rental rates?

	10.	List five job factors and five labor and management 
factors that can affect the productivity of labor and 
equipment on a construction project.

	11.	Why should an estimator be on the lookout for 
situations in which construction operations on a 
project are repetitive?

	12.	How does site access affect the price of work?

	13.	Which labor and management factors can a 
contractor have some influence over?

	14.	How are cost reports used by an estimator?

	15.	What two questions have to be answered before the 
data from a cost report can be used effectively by 
an estimator?

	16.	Why is the process of pricing materials usually 
easier than pricing labor and equipment on a 
project?

	17.	How can owner-supplied materials present a 
problem to estimators?
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Chapter

3

 CHAPTER

9

 PRICING CONSTRUCTION 
EQUIPMENT

 OBJECTIVES

After reading this chapter and completing the review questions, you should be able to do the following:

•	 Identify the three main equipment categories 
and describe how each is priced in an 
estimate.

•	 Explain the relative advantages of renting 
rather than owning construction equipment.

•	 List and describe the types of expenses that 
should be accounted for when calculating the 
ownership cost of equipment.

•	 Calculate depreciation allowances for 
construction equipment.

•	 Calculate maintenance and repair costs on an 
item of equipment.

•	 Calculate equipment overhead costs.
•	 Calculate fuel and lube oil costs on an item of 

equipment.
•	 Determine the hourly ownership cost 

and develop the rental rate for an item of 
equipment. 

Introduction

Plant, equipment, and tools used in construction 
operations are priced in three different categories in the 
estimate. First, hand tools up to a certain value together 
with blades, drill bits, and other consumables used in 
the work are priced as a percentage of the total labor 
price of the estimate. This percentage, referred to as the 
“Small Tools Allowance,” is included with the “add-ons” 
that are found toward the end of the estimate Summary 
Sheet. Pricing small tools is discussed in Chapter 14.

The second category consists of larger items of 
equipment that are usually shared by a number of 
work activities; the kind of equipment items that are 
kept at the site over a period of time and used only 
intermittently on the work in progress. Examples would 

include items such as air compressors and electrical 
generators. This equipment is priced on the estimate 
General Expenses Sheet under the “Site Equipment” 
heading. See Chapter 13, in which the process of pricing 
general expenses is described.

The third category of equipment comprises items 
that are used for specific tasks on the project, such 
as digging a trench or  providing a temporary work 
platform. This equipment is priced directly against the 
takeoff quantities for that work it is to be used on. The 
equipment is not kept on-site for extended periods like 
those in the previous classification, but is shipped to the 
site, used for its particular task, and then immediately 
shipped back to its source. Excavation equipment,  
pumps, hoisting equipment, and costly, highly specialized 
items such as concrete saws all fall into this category.
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Pricing this equipment calls for unit prices 
expressed in terms of hourly, weekly, or monthly 
rates for each item of equipment. In the situation 
in which the contractor’s equipment is rented, the 
pricing process is straightforward as the rental 
rates obtained from rental companies can be used 
directly against the time the equipment is required 
for. Where the equipment is owned by the contractor, 
ownership costs have to be calculated as detailed in 
the following, but this raises the following question: 
Should a contractor rent or own construction 
equipment?

Renting versus Purchasing 
Equipment

For the contractor who is new in the construction 
business, the decision whether to rent or purchase 
equipment is usually quite easy to make because, 
lacking surplus cash and without a well-established 
credit rating, the only viable alternative is renting. 
For the older, more mature construction business, 
the decision may be a great deal more difficult. This 
contractor, who is more likely to be in a position 
in which funds and credit sources are available 
for equipment investments, has to determine if 
such investments are justified. Buying construction 
equipment is justified only where the investment 
promises net benefits in comparison with the 
alternative of renting equipment and investing the 
cash elsewhere.

A contractor does not necessarily have to own any 
construction equipment in order to carry on business. 
In most parts of the country there are many companies 
in the construction equipment rental business offering 
competitive rental rates on a large selection of 
equipment. There can be distinct advantages to renting 
equipment, including:

	1.	 The contractor does not have to maintain a large 
inventory of specialized plant and equipment where 
individual items are used infrequently.

	2.	 The contractor has continuous access to the newest 
and most efficient items of equipment available.

	3.	 There is little or no need for equipment warehouse 
and storage facilities.

	4.	 There is a reduced need for the contractor to 
employ maintenance staff and operate facilities for 
their use.

	5.	 Accounting for equipment costs can be simpler 
when equipment is rented.

	6.	 There may be significant savings on company 
insurance premiums when a contractor is not 
maintaining a inventory of plant and equipment. 

However, when the construction operations of a 
contractor generate a steady demand for the use of 
certain items of equipment or plant, there can be distinct 
financial benefits gained by owning equipment. There 
can also be a marketing advantage to the contractors 
who own their own equipment due to the perception 
that these contractors are more financially stable and 
committed than others who own no equipment. In 
fact, some owners require contractors who bid on their 
projects to list on the bid the company-owned equipment 
they propose to use in the work. This information is 
utilized in the owner’s assessment of the bidder.

Where a comparison of equipment ownership 
with the rental alternative strictly on the basis of cost 
is needed, the full cost per unit of time of owning an 
item of equipment has to be determined. To estimate the 
full ownership cost, the following aspects of equipment 
ownership have to be considered:

	1.	 Depreciation expense

	2.	 Maintenance and repair costs

	3.	 Financing expenses

	4.	 Taxes

	5.	 Insurance costs

	6.	 Storage costs

	7.	 Fuel and lubrication costs

Depreciation

In everyday usage the term “depreciation” refers to the 
decline in market value of an asset. To accountants the 
term has a more narrow meaning having to do with 
allocating the acquisition cost of an item of plant over the 
useful life of that asset. The way this allocation of cost 
is calculated may or may not reflect the loss of market 
value; more often than not it does not. Also, the allocation 
of depreciation costs considered here is not related in any 
way to tax considerations. For tax purposes a completely 
different depreciation schedule may be adopted.

In our appraisal of depreciation, some factors 
are explicit while other factors have to be estimated. 
Generally what we know is that the asset costs a certain 
amount to acquire (the initial cost); the asset will be 
used for a number of years (the useful life); and the 
asset will be sold at the end of this period for a sum 
of money (the salvage value). There is, however, some 
uncertainty about the exact length of the useful life of 
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the asset and about the precise amount of salvage value 
that will be realized when the asset is disposed of. Any 
assessment of depreciation, therefore, requires these 
values to be estimated.

The process of allocating the cost of the item over its 
useful life is known as “amortization,” and there are several 
depreciation methods available to calculate amortization 
of an asset. Here we will consider three methods:

	1.	 The straight-line method

	2.	 The declining-balance method

	3.	 The production or use method 

Straight-Line Depreciation

The straight-line method is the most commonly used 
method of calculating depreciation and is the method that 
we will use in the examples that follow. Depreciation on 
a straight-line basis is allocated equally per year over the 
useful life of the asset thus the annual depreciation amount 
is constant and is equal to the cost of the asset minus any 
salvage value divided by the years of life of the asset:

Annual Depreciation 

  5
Initial Cost 2 Estimated Salvage Value

Estimated Useful Life (years)

Example 1

The total initial cost of an excavator is $250,000, the 
useful life is expected to be 5 years, and the estimated 
salvage value at the end of this period is $150,000:

Annual Depreciation 5
$250,000 2 $150,000

5
5 $20,000

Figure 9.1 shows the depreciation schedule 
based on straight-line depreciation over the life of 
this excavator.

When using straight-line depreciation, the 
depreciation in any particular year, D(n), can be 
calculated with following formula:

D(n) 5
P 2 S

N

Where:
P is the initial cost of the asset;
S is the salvage value; and
N is the useful life of the asset (years).

At least two valid criticisms can made of the 
straight-line method of depreciation: first, that it does 
not reflect the fact that depreciation usually occurs 
at an accelerated rate in the early years of the life of 
an asset; and, second, that this method of calculating 
depreciation does not account for the intensity of use of 
the asset. The two alternative methods of depreciation 
that follow try to address the deficiencies of the straight-
line method.

Declining-Balance Depreciation

With the declining-balance method of depreciation, the 
annual depreciation amounts decline as the asset gets 
older. Using this method of calculation, the depreciation 
in any given year, D(n), is calculated by applying the 
following formula:

D(n) 5 BV(n 2 1) 3 d

Where:
BV is the book value; and
d is the rate of depreciation.

The rate of depreciation (d) required to obtain a 
particular salvage value (S) at the end of N years of life 
can be calculated using this formula:

d 5 1 2
N

Å
S
P

Where:
N is the useful life of the asset;
S is the salvage value; and
P is the initial cost of the asset.

Example 2

If we consider the same equipment item described 
in Example 1, we first have to calculate the 
depreciation rate that gives a salvage value of 
$250,000 after 5 years:

d 5 1 2
N

Å
S
P

Figure 9.1  �Straight-Line 
Depreciation Schedule  
(Delmar/Cengage Learning)

End of Depreciation Book 
Year for This Year Value

$ $
0 – 250,000
1 20,000 230,000
2 20,000 210,000
3 20,000 190,000
4 20,000 170,000
5 20,000 150,000
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Rate of depreciation:

 d 5 2
N

Å
$150,000
$250,000

 d 5 1 2 0.9029

 d 5 0.0971195 (9.71%)

 Depreciation in year 1 5 $250,000 3 9.71%

 5 $24,280

Figure 9.2 shows the depreciation schedule 
based on declining-balance depreciation over the 
life of this excavator.

Production or Use Depreciation

Unlike the previous two methods, the production or use 
method of calculating depreciation is not a function of 
the age of the asset. Instead, the depreciation value in 
a specific year depends on the amount the asset is used 
in that year. First the number of units of work the asset 
will produce over its useful life is estimated, and then 
the depreciation in any given year can be calculated by 
multiplying the number of units produced in that year 
by the depreciation amount per unit:

Estimated Number Production Units

5 �The Number of Units Produced by the Asset 
Over Its Useful Life

Depreciation Amount per Unit

	 5
Initial Cost 2 Salvage Value

Estimated Number Production Units

Depreciation in Yearn

	 5 Depreciation Amount per Unit
	  3 The Number of Units Produced That Year

Example 3

Consider once again the excavator described in 
Example 1. If it is estimated that this unit will 
excavate a total of 10,000 cu. yd. over its useful life 
of 5 years and the unit excavates 2,800 cu. yd. in its 
first year of operation,

Depreciation Amount per cu. yd.

  5
$250,000 6 $150,000

10,000

5 $10.00 per cu. yd.

Depreciation in Year 1 5 2,800 3 $10.00

5 28,000

Figure 9.3 shows the depreciation schedule 
based on production depreciation over the life of 
this excavator.

Rubber-Tired Equipment

Because the life expectancy of rubber tires is generally 
far less than the life of the equipment they are used on, 
the depreciation rate of tires will be quite different from 
the depreciation rate on the rest of the vehicle. The repair 
and maintenance cost of tires as a percentage of their 
depreciation will also be different from the percentage 
associated with the repair and maintenance of the vehicle.

Consequently, when considering the depreciation of a 
rubber-tired vehicle, the cost of a set of replacement tires 
should be deducted from the initial cost of the vehicle, 
and the depreciation on the tires and the depreciation on 
the vehicle without the tires should each be calculated 
separately. The repair and maintenance of the vehicle and 
of the tires can then also be calculated separately.

Maintenance and Repair Costs

The costs of maintenance and repairs of plant and 
equipment comprise a factor that cannot be ignored 

Figure 9.2  �Declining-Balance Depreciation 
Schedule (Delmar/Cengage Learning)

End of Depreciation Depreciation Book 
Year Rate for This Year Value

$ $
0 – – 250,000
1 9.71% 24,280 225,720
2 9.71% 21,922 203,798
3 9.71% 19,793 184,006
4 9.71% 17,871 166,135
5 9.71% 16,135 150,000

Figure 9.3  �Production Depreciation Schedule 
(Delmar/Cengage Learning)

End of Units Depreciation Book 
Year Produced for This Year Value

$ $
0 – – 250,000
1 2,800 28,000 222,000
2 1,600 16,000 206,000
3 2,000 20,000 186,000
4 1,500 15,000 171,000
5 2,100 21,000 150,000
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when considering ownership costs. Equipment owners 
will agree that good maintenance, including periodic 
wear measurement, timely attention to recommended 
service, and daily cleaning when conditions warrant it, 
can extend the life of equipment and actually reduce 
the operating costs by minimizing the effects of adverse 
conditions. All items of plant and equipment used by 
a construction contractor will require maintenance and 
probably also some repairs during the course of their 
useful life. The contractor who owns equipment usually 
sets up facilities with workers qualified to perform the 
necessary maintenance operations on equipment. It is 
the cost of operating this setup that we have to consider 
and include in the total ownership charges applied to 
items of plant and equipment.

Construction operations can subject equipment to 
considerable wear and tear, but the amount of wear 
varies enormously between different items of equipment 
used and between different job conditions. The rates 
used in the following examples are based on the average 
costs of maintenance and repair, but since these costs 
can vary so much, the contractor formulating equipment 
operating prices should adjust the rates for maintenance 
and repairs according to the conditions the equipment 
is to work under. Again, as in many places in estimating, 
good records of previous costs in this area will much 
improve the quality of the estimator’s assessment of 
probable maintenance costs.

Maintenance and repair costs are calculated as a 
percentage of the annual depreciation costs for each 
item of equipment. When depreciation is calculated 
using the straight-line method, as in the Examples 6 
and 7 that follow, the result is a constant amount being 
charged yearly for depreciation and then a second 
constant amount is allowed for maintenance and 
repairs. Realistically, depreciation will be high in the 
early years of ownership, while actual maintenance and 
repair costs in these years should be low. The relative 
values of yearly depreciation and maintenance costs 
will gradually reverse until, in the later years, low 
depreciation will be accompanied by high maintenance 
and repair bills. Using a constant amount yearly for these 
two expenses, therefore, would seem reasonable as the 
variance of one factor is offset by the countervariance 
of the other factor.

Financing Expenses

Whether the owner of construction equipment purchases 
the equipment using cash or whether the purchase is 
financed by a loan from a lending institution, there is 
going to be an interest expense involved. The interest 
expense is the cost of using capital; where cash is used, 

it is the amount that would have been earned had the 
money been invested elsewhere, that is, the forgone 
interest revenue. Where the purchase is financed by a 
loan, the interest expense is the interest charged on the 
loan. In both cases the interest expense can be calculated 
by applying an interest rate to the owner’s average 
annual investment in the unit. The average annual 
investment is approximately midway between the total 
initial cost of the unit and its salvage value. Thus:

Average Annual Investment 

5
Total Initial Cost 1 Salvage Value

2

The interest rate used to calculate the financing 
expense will vary from time to time, from place to 
place and also from one company to another depending 
mostly on its credit rating and how good a deal it can 
get from the lending institution. In the examples that 
follow, we will use a rate of 6%.

Taxes, Insurance, and Storage Costs

Just as with investment expenses, significant variations 
can be expected in the cost of the annual taxes, insurance 
premiums, and storage costs together with fees for 
licenses required and other fees expended on an item of 
equipment. Where these expenses are known, they should 
be added into the calculation of the annual ownership 
costs of the equipment. In the case where information 
on these costs is not available, they may be calculated 
as a percentage of the average annual investment cost 
of the piece of equipment. The interest expense rate and 
the rate for taxes, insurance, and storage costs are often 
combined to give a total equipment overhead rate. Below 
we will use an equipment overhead rate of 11%, which 
comprises 6% for the investment rate and 5% to cover 
taxes, insurance, and storage costs.

Fuel and Lubrication Costs

Fuel consumption and the consumption of lubrication 
oil can be closely monitored in the field. Data from 
these field observations will enable the estimator to 
quite accurately predict future rates of consumption 
under similar working conditions. However, if there 
is no access to this information, consumption can be 
predicted where the size and type of engine are known 
and the likely engine operating factor is estimated. This 
operating factor is an assessment of the load under 
which the engine is operating. An engine continually 
producing full-rated horsepower is operating at a factor 
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of 100%. Construction equipment never operates 
at this level for extended periods, so the operating 
factor used in calculating overall fuel consumption is 
always a value less than 100%. The operating factor 
is yet another variable with a wide range of possible 
values responding to the many different conditions 
that might be encountered when the equipment under 
consideration is used. In the examples that follow, the 
specific operating factors used can be no more than 
averages reflecting normal work conditions. Again, there 
is no good substitute for hard data carefully obtained in 
the observation of actual operations in progress.

When operating under normal conditions, namely, 
at a barometric pressure of 29.9 in. of mercury and at 
a temperature of  68ºF, a gasoline engine will consume 
approximately 0.06 gallon of fuel for each horsepower-
hour developed. A diesel engine is slightly more efficient 
at 0.04 gallons of fuel for each horsepower-hour 
developed.*

Example 4

Regarding the excavator mentioned in Example 1, 
if the unit was equipped with a diesel engine rated 
at 120 hp. operating at a factor of 50%, the fuel 
consumption can be determined thus:

Fuel Consumption 5
120 3 0.04 3 50%

100
5 2.4 Gals. per Hour

The amount of lubricating oil consumed will 
vary with the size of the engine, the capacity of the 
crankcase, the condition of the engine components, 
the frequency of oil changes, and the general level 
of maintenance. An allowance in the order of 10% 
of the fuel costs is used as an average value in the 
following examples.

Equipment Operator Costs

Whether a contractor decides to rent or own the 
equipment used on projects, the cost of operating the 
equipment has to be considered. In some situations 
rentals may be available that include an operating 
engineer as part of the rental agreement. This variety of 
rental agreement is sometimes available for excavation 
equipment, and it can be a preferred alternative when 
the rental company offers a high-caliber equipment 
operator who is familiar with the particular excavation 
unit and is capable of high productivity.

*Robert L. Peurifoy and G. D. Oberlender, Estimating Construction 
Costs,  Sixth Edition, McGraw-Hill, New York, 2014.

More often than not, however, equipment is rented 
without an operator. So, just as in the case in which 
the contractor is using company-owned equipment, 
the labor costs for operating the equipment have to be 
calculated and added to the estimate. The usual way 
to price these costs is to apply an operating engineer’s 
hourly wage alongside the equipment hourly rate and 
then use the expected productivity of the equipment 
to determine a price per measured unit for labor and 
a price per measured unit for equipment. Example 5 
illustrates this method of pricing equipment and 
operator’s costs. Note that the unit prices for labor and 
for equipment should always be considered separately 
as the labor prices have to be included in the total labor 
content of the estimate so that “add-ons” can be applied 
to this amount at the close of the bid.

Example 5

Where the hourly cost of an excavator is $180.00, 
the wage of an operator for this equipment is 
$54.00 per hour, and the expected productivity of 
the excavator is 50 cu. yd. per hour, the unit prices 
for labor and equipment would be calculated thus: 

Labor Equipment

$54.00/50 cu. yd. $180.00/50 cu. yd.

5 $1.08 per cu. yd. 5 $3.60 per cu. yd.

These unit prices can now be applied to the total 
quantity of excavation that this equipment is 
expected to perform in accordance with the takeoff.

Company Overhead Costs

Where the equipment ownership costs calculated in 
accordance with this chapter are to be used as a basis 
of rental rates charged by the contractor to others for 
the use of the contractor’s equipment, the full rental 
rates should include an amount for company overhead 
costs and amount for profit. Company overhead costs 
are basically the fixed costs associated with running 
a business. They may include the cost of maintaining 
a furnished office, office equipment, and personnel 
together with all the other costs of business operation.

Since the rental rate quoted by a contractor to 
another party for the use of the contractor’s equipment 
is, in a sense, a kind of bid, the same considerations 
should be applied to the markup on the rental rate as 
are applied to markup on any of a contractor’s bids. 
Markup, comprising an amount for company overhead 
costs and an amount for profit, is dealt with in some 
detail in Chapter 15, where the markup included in a 
bid price is discussed.
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Example 6A

Calculate the ownership cost per hour for a crawler-
type excavator powered by a 250 hp. diesel engine 
based on the following data:

ENGINE: 250 hp. diesel

OPERATING FACTOR: 50%

PURCHASE PRICE: $420,000

FREIGHT CHARGES: $2,000

ESTIMATED SALVAGE  
  VALUE:

$250,000

USEFUL LIFE: 6 years

HOURS USED PER YEAR: 2,000

MAINTENANCE & REPAIRS: 110% of  
annual  
depreciation

EQUIPMENT OVERHEAD  
  RATE:

11%

DIESEL FUEL PRICE: $3.20 per  
gallon 

First, preliminary calculations are made to 
determine the average annual investment and the 
fuel consumption rate:

Average Annual Investment

5 (Total Cost 1 Salvage Value)>2
5 ($420,000 1 $2,000 1 $250,000)>2
5 $336,000

Fuel Consumption

5 250 3 0.04 3 50% Gals. per Hour

5 5 Gals. per Hour

The annual cost of depreciation, maintenance 
and repairs, and equipment overheads can now be 
calculated:

Annual Costs

Depreciation

5
Initial Cost 2 Estimated Salvage Value

Estimated Useful Life (years)

5
$422,000 2 $250,000

6
5 $28,666.67

Maintenance and Repairs 
5 110% of Annual Depreciation
5 1.1($28,666.67) 5 $31,533.33

Equipment Overheads

5 11% 3 Average Annual Investment

5 0.11($336,000)		   5 $36,960.00

Total Annual Costs—Vehicle:  $97,160.00

Now the hourly costs can be calculated, 
including the cost of fuel and lube oil required:

Hourly Costs

 Vehicle Cost 5
Total Annual Cost

Hours Used per Year

 5
$97,160

2,000
5 $48.58

 Fuel Cost 5 Fuel Consumption 3 Cost of Fuel
 5 5 Gals. per Hour

 3 $3.20 per Gal. 5 $16.00

 Lube Oil 5 10% of Fuel Cost
 5 0.1 3 $16.00 5 $1.60

Excavator Cost per Hour: $66.18

Example 6B

What would be the estimated unit prices for 
excavating basements using the excavator described 
in Example 6A together with an operating engineer 
at a wage of $54.00 per hour when the expected 
productivity of this unit is 36 cu. yd. per hour?

Labor Equipment

Unit Prices $54.00/36 cu. yd. $66.18/36 cu. yd.

5 $1.50 per cu. yd. 5 $1.83 per cu. yd.

Example 6C

What would be the hourly charge-out rates (rental 
rates) for the previously described excavator and 
operator based on the following overheads and 
profit requirements?

	 1.	 The company overhead on labor is 50%.

	 2.	 The company overheads on equipment is 20%.

	 3.	 The required profit margin is 10%.
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Charge-Out Rate for Excavator

Charge-Out Rate for Operator

Operator Cost per Hour 5 $54.00

Company Overhead at 50% 5 $27.00

Subtotal: $81.00

Profit Margin at 10% 5 $8.10

Total Charge-Out Rate—Operator: $89.10

Excavator Cost per Hour 5 $66.18

Company Overhead at 20% 5 $13.24

Subtotal: $79.42

Profit Margin at 10% 5 $7.94

Total Charge-Out Rate—Excavator: $87.36

In the next example, the item of equipment 
considered is a rubber-tired vehicle, so the depreciation 
cost of the tires is calculated separately for the 
depreciation cost of the rest of the vehicle.

Example 7

Calculate the ownership cost per hour for a dump 
truck powered by a 120 hp. gasoline engine based 
on the following data:

ENGINE: 120 hp. diesel

OPERATING FACTOR: 40%

PURCHASE PRICE: $175,000

FREIGHT CHARGES: $2,000

ESTIMATED SALVAGE VALUE: $57,500

USEFUL LIFE: 5 years

HOURS USED PER YEAR: 1,800

MAINTENANCE & REPAIRS: 130% of annual 
depreciation

TIRE COST: $5,000

TIRE LIFE: 4,000 hours

MAINTENANCE & REPAIRS 
(TIRES):

15% of tire 
depreciation

EQUIPMENT OVERHEAD 
RATE:

11%

GASOLINE FUEL PRICE:  $3.00 per gallon

Preliminary calculations are made to determine 
the average annual investment and the fuel 
consumption rate:

Average Annual Investment

5 (Total Cost 1 Salvage Value)>2
5 ($175,000 1 $2,000 1 $57,500)>2
5 $117,250

Fuel Consumption 5 120 3 0.06 3 40% Gals.
 per Hour

5 2.88 Gals. per Hour

The annual cost of depreciation, maintenance 
and repairs, and equipment overheads can now be 
calculated:

Annual Costs

Depreciation

1Vehicle2 5
Initial Cost 2 Estimated Salvage Value

Estimated Useful Life 1years2

5
1$177,000 2 $5,0002 2 $57,500

5
5 $22,900.00

Maintenance and Repairs 5 130% of Annual Depreciation

5 1.3($22,900) 5 $29,770.00

Equipment Overheads      5 11% 3 Average Annual Investment

5 0.11($117,250) 5 $12,897.50

	 Total Annual Costs—Vehicle:	  $65,567.50
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Hourly Costs

 Vehicle Cost 5
Total Annual Cost

Hours Used per Year

 5
$65,567.50

1,800
5 $36.43

 Tire Depreciation 5
Tire Cost

Life of Tires

 5
$5,000
4,000

5 $1.25

Maintenance and Repairs on Tires 5 15% 3 $1.25 5 $0.19

 Fuel Cost 5 Fuel Consumption 3 Cost of Fuel

 5 2.88 Gals. per Hour 3 $3.00 per Gal. 5 $8.64

 Lube Oil 5 10% of Fuel Cost

 5 0.1 3 $8.64 5 $0.86

	 Dump Truck Cost per Hour:	  $47.37

Use of Spreadsheets

Because of the repetitive nature of the calculations 
involved, a computer spreadsheet program is very 
useful for calculating equipment ownership costs. Use 
of computer spreadsheet applications is particularly 
befitting where it is necessary to calculate the ownership 
costs of large numbers of equipment items. Also, the 
process of updating the data on which the ownership 
cost calculations are based can be accomplished far 
more conveniently when the original calculations are 
stored in the form of spreadsheet calculations.

A spreadsheet template can be readily set up to 
provide the basic format of the calculation process; then 
the data applicable to the specific item of equipment 
can be inserted to generate the ownership cost of that 
item. This process can be repeated for any number of 
equipment units enabling the estimator to calculate 
their ownership costs in a matter of minutes. Figure 9.4 
shows the format of a spreadsheet template for this 
use. Figure 9.5 and Figure 9.6 show the computer 
calculations of the ownership costs of the items of 
equipment considered in Examples 6 and 7.
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EQUIPMENT OWNERSHIP COSTS

VEHICLE:

OPERATING FACTOR:

PURCHASE PRICE:

FREIGHT:

SALVAGE VALUE:

LIFE EXPECTANCY:

HOURS PER YEAR:

MAINTENANCE & REPAIRS:

TIRE COST:

TIRE LIFE:

MAINTENANCE & REPAIRS (TIRES):

EQUIPMENT OVERHEAD:

FUEL COST:

AVERAGE ANNUAL INVESTMENT:

FUEL CONSUMPTION:

ANNUAL COSTS

DEPRECIATION:

=:ELCIHEV

MAINTENANCE & REPAIRS: % OF DEPRECIATION =

___________

___________

___________ ___________

___________ ___________

=FO%:DAEHREVOTNEMPIUQE

VEHICLE FIXED COST: $

HOURLY COST

VEHICLE COST: =

TIRE DEPRECIATION:

MAINTENANCE & REPAIRS ON TIRES:

FUEL: Gal  × =

OIL: 10% OF FUEL COST = 

COST PER HOUR: $

Figure 9.4  �Spreadsheet Template for Equipment Ownership Costs  
(Delmar/Cengage Learning)
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Figure 9.5  �Example 6: Computer Calculation of Excavator Ownership Costs  
(Delmar/Cengage Learning)

                                  EQUIPMENT OWNERSHIP COSTS

VEHICLE: Excavator 250 HP Diesel
OPERATING FACTOR: 50%

PURCHASE PRICE: $420,000
FREIGHT:    $2,000

SALVAGE VALUE: $250,000
LIFE EXPECTANCY:          6 Years
HOURS PER YEAR:         2,000 Hours

MAINT. AND REPAIRS:   110% Depreciation
TIRE COST:       $0 (Track Vehicle)

TIRE LIFE:     N/A
MAINT. AND REPAIRS (TIRES):      N/A

EQUIPMENT OVERHEAD:        11% Average Annual Investment
FUEL COST:         $3.20 per gal. (Diesel)

AVERAGE ANNUAL INVESTMENT:
($422,000 + $2,000 + $250,000)/2      = $336,000.00

FUEL CONSUMPTION: 
250 H.P.  x 50%  x 0.04 Gal/H.P. Hou     = 5 Gal. per Hour

ANNUAL COSTS:

DEPRECIATION:
VEHICLE: ($422,000 - $250,000)/6

MAINT. & REPAIRS: 110% of Depreciation         =   31,533.33

EQUIPMENT OVERHEAD: 11% of $336,000      =   36,960.00

$97.160.00VEHICLE—FIXED COST:

HOURLY COST:

85.84=VEHICLE COST: $97,160.00/ 2,000

00.0=TIRE DEPRECIATION:  N/A

00.0=MAINT. & REPAIRS ON TIRES: N/A

00.61=FUEL: 5 Gal. x $3.20

06.1=OIL: 10% OF FUEL COST

DUMP TRUCK COST PER HOUR: $66.18

=   28,666.67
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Figure 9.5  �Example 7: Computer Calculation of Dump Truck Ownership Costs  
(Delmar/Cengage Learning)

                                  EQUIPMENT OWNERSHIP COSTS

VEHICLE:          Dump Truck120 HP Gasoline
OPERATING FACTOR:         40.00%

PURCHASE PRICE:     $175,000
FREIGHT:           $2,000

SALVAGE VALUE:   $57,500
LIFE EXPECTANCY:      5Years
HOURS PER YEAR:     1,800Hours

MAINT. AND REPAIRS:          130%Depreciation
TIRE COST:    $5,000

TIRE LIFE:            4,000Hours
MAINT. AND REPAIRS (TIRES):  15%Tire Depreciation

EQUIPMENT OVERHEAD:    11%Average Annual Investment
FUEL COST:     $3.00per gal. (Gasoline)

AVERAGE ANNUAL INVESTMENT:
                     ($175,000 + $2,000 + $57,500)/2 =  $117,250.00
FUEL CONSUMPTION: 
             120 H.P.  x 40% x 0.06 Gal/H.P. Hour =  2.88 Gal. Per hour

ANNUAL COSTS:

DEPRECIATION:
VEHICLE: ($177,000 – $5,000 – $57,500)/5 = 22,900.00

MAINT. & REPAIRS: 130% of DEPN.      = 29,770.00

EQUIPMENT OVERHEAD: 11% of $117,250   = 12,897.50

05.765,56$ 

HOURLY COST:

34.63=008,1/05.765,56$:TSOCELCIHEV

TIRE DEPRECIATION:  $5,000/4,000 Hours =     1.25

MAINT. & REPAIRS ON TIRES: 15% of Tire Depreciatior =    0.19

8.64=00.3$xl.aG88.2:LEUF

0.86=TSOCLEUFFO%01:LIO

 DUMP TRUCK COST PER HOUR: $47.37

VEHICLE - FIXED COST:
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 SUMMARY

�� Categories of equipment and how they are priced:

a.	 Hand tools, priced as a percentage of labor price 
(add-ons)

b.	On-site equipment used intermittently, priced as 
a general expense item

c.	 Equipment used for specific tasks, priced directly 
against the takeoff items 

�� Advantages of renting equipment:

a.	 The contractor does not have to maintain a large 
inventory specialized plan and equipment where 
individual items are used infrequently.

b.	The contractor has continuous access to the 
newest and most efficient items of equipment 
available.

c.	 There is little or no need for equipment 
warehouse and storage facilities.

d.	There is a reduced need for the contractor to 
employ maintenance staff and operate facilities 
for their use.

e.	 Accounting for equipment costs can be simpler 
when equipment is rented.

f.	 There may be significant savings on company 
insurance premiums when a contractor is 
not maintaining an inventory of plant and 
equipment. 

�� There are financial advantages to owning equip-
ment when a contractor can provide steady use of 
the equipment.

�� The following expenses should be considered when 
determining the full ownership cost of material:

a.	 Depreciation

b.	Maintenance and repair

c.	 Financing

d.	Taxes

e.	 Insurance

f.	 Storage

g.	 Fuel and lubrication

�� When straight-line depreciation is used, the amount 
of depreciation from initial cost to salvage value is 
distributed equally each year over the life of the asset.

�� Depreciation can also be calculated using the 
declining-balance method or the production or use 
method. Using these methods results in depreciation 
amounts that are high to begin with but decline as 
the asset gets older.

�� When considering the depreciation of a rubber-tired 
vehicle, the tire depreciation is calculated separately 
from the vehicle depreciation.

�� Maintenance and repair costs on construction 
equipment vary considerably depending on the type 
of equipment and the job conditions encountered.

�� Whether equipment purchase is financed by loans 
or by use of the contractor’s cash, interest charges 
will apply. These are calculated as a percentage of 
the average annual investment amount.

�� Taxes, insurance charges, and storage costs vary 
over a wide range of values depending on particular 
circumstances. An allowance for these costs is also 
calculated as a percentage of the average annual 
investment amount.

�� Fuel costs depend on the type of engine and are 
proportional to the engine’s horsepower rating. 
An operating factor that is always less than 100% 
is also introduced to account for the fact that 
the engine does not operate continuously at full 
throttle.

�� An allowance for company overheads and profit 
should be added to hourly ownership costs of an 
item of equipment when quoting a price for the 
rental of the item. 

 REVIEW QUESTIONS

	 1.	Describe the three different ways tools and equip-
ment are priced in an estimate.

	 2.	What factors should be considered by the contrac-
tor who is deciding whether to rent or buy con-
struction equipment?

	 3.	What are the advantages and disadvantages to 
the contractor of renting rather than buying 
equipment?

	 4.	Suggest how an accountant might explain the 
depreciation of an asset.

	 5.	Why is the “straight-line method” not a satisfactory 
way to calculate depreciation?

	 6.	Calculate the ownership cost per hour for a crawl-
er-type hydraulic crane powered by a 350 hp. diesel 
engine based on the following data:
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ENGINE: 350 hp. diesel

OPERATING FACTOR: 60%

PURCHASE PRICE: $570,000

FREIGHT: $2,500

ESTIMATED SALVAGE VALUE: $350,000

LIFE EXPECTANCY: 5 years

HOURS PER YEAR: 2,000

MAINTENANCE & REPAIRS: 120% of annual 
depreciation

EQUIPMENT OVERHEAD: 11%

DIESEL FUEL PRICE: $3.20 per gallon

	 7.	What would be the hourly charge-out rates (rental 
rates) for the crane and operator described in ques-
tion 6 based on the following overheads and profit 
requirements?

—The operator’s wage is $40.00 per hour.

—The company overheads on equipment is 20%.

—The company overhead on labor is 50%.

—The required profit margin is 10%. 

	 8.	Calculate the ownership cost per hour for a motor 
grader powered by a 190 hp. gasoline engine based 
on the following data:

ENGINE: 190 hp. gasoline

OPERATING FACTOR: 45%

PURCHASE PRICE: $95,000 
(including tires)

FREIGHT: $1,500

SALVAGE VALUE: $17,500

LIFE EXPECTANCY: 7 years

HOURS USED PER YEAR: 1,700

MAINTENANCE &  
REPAIRS:

125% of annual 
depreciation

TIRE COST: $9,000

TIRE LIFE: 5,000 hours

MAINTENANCE & 
REPAIRS (TIRES):

15% of tire 
depreciation

EQUIPMENT OVERHEAD: 11%

GASOLINE FUEL PRICE: $3.00 per gallon 
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 CHAPTER

10

PRICING EXCAVATION  
AND BACKFILL

 OBJECTIVES

After reading this chapter and completing the review questions, you should be able to do the following:

•	 Describe the job factors and the labor 
and management factors that influence 	
the price of excavation and backfill 	
operations.

•	 Use historic productivity rates to calculate 
the unit price of labor and equipment for 
excavation and backfill work.

•	 Calculate the price of gravels and other 
backfill materials.

•	 Calculate trucking requirements for hauling 
excavated material and gravels.

•	 Complete the recap and pricing of excavation 
and backfill work for housing and commercial 
projects. 

Excavation Equipment and Methods

Like much construction work today, the excavation 
trade is usually performed by contractors who special-
ize in this work. Further specialization is then found 
among excavation contractors who tend to concentrate 
on a single specific type of construction. For instance, 
one company’s business may involve operations that 
relate only to site preparation, while another company’s 
work may be restricted to small pit and trench exca-
vations. The main reason for this specialization can be 
found in the vast array of excavation equipment that 
is available to pursue the many different possible types 
of excavation activity. No contractor, even a large-sized 
excavation company, can hope to be equipped to per-
form effectively all types of excavation work—the scope 
is just too wide. Despite this specialization, some gen-
eral contractors do not subcontract excavation work 
on every project. They overcome the need to maintain a 
large inventory of specialized equipment by hiring items 

that are appropriate to the work to be done and owning 
only the kind of units that can be used on a wide variety 
of projects.

In this chapter, our objective is to develop an under-
standing of the principles of estimating the cost of 
excavation work generally. We will not be dealing with 
highly specialized excavation undertakings that call for 
special techniques and equipment. Instead, we will limit 
our scope by considering only four of the more com-
mon types of excavation and the backfill activities asso-
ciated with them:

	1.	 Site cut-and-fill operations

	2.	 Basement-type excavations

	3.	 Trench excavations

	4.	 Pit and sump excavations

Within each of these excavation categories, there 
are many ways to proceed as well as a large selection 
of different types of equipment that could be used to 
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execute the work. Again we will restrict our analy-
sis to the more usual methods and types of equipment 
employed in the four common types of excavation 
activities by contractors engaged in general building 
construction work.

The particular items of equipment used in excava-
tion operations may be owned or rented by the contrac-
tor performing the work. See Chapter 9 for a discussion 
of rental or ownership of construction equipment gen-
erally. Figure 10.1 shows a list of excavation equip-
ment prices that are used in the calculations that follow. 
These prices reflect the cost of equipment employed in 
a contractor’s work, whether the equipment is owned 
or rented, and the prices include fuel and maintenance 
expenses but do not include the cost of an operator or 
any allowance for transportation of the equipment to 
and from the construction site.

Equipment Transportation Expenses

The cost of transporting minor items of equipment such 
as plate compactors, small rollers, bobcats, and small 
tractors to and from the site is priced on the General 
Expense Sheet under the item “Trucking and Material 
Handling.” This item covers the cost of trucking asso-
ciated with carrying incidental construction goods and 
equipment where the supplier of these items does not 
deliver them to the site.

Transportation of major items of equipment—
backhoes, bulldozers, loaders, power shovels, and the 
like—is better priced on an item-by-item basis taking 
into account the cost of loading, unloading, trucking, 
and any rental charges levied while the unit is in transit. 

When pricing the trucking component of these costs, 
the estimator has to be aware of the additional require-
ments such as “scout trucks” when loads are oversize 
and also the possible need to take special routes when 
road or bridge weight restrictions make some routes 
unavailable.

Site Cut-and-Fill Operations

The equipment used in cut-and-fill operations depends 
mostly on the scale of the project. Extensive operations 
call for large-sized, earth-moving scrapers and bulldoz-
ers often working in teams excavating and depositing 
large quantities of material, which is then leveled and 
compacted by a second team of rollers, water trucks, 
and graders. Small cut-and-fill operations can be under-
taken with no more than a small dozer and grader or 
even with just a bobcat and a “walk-behind” roller.

Basement Excavations

Basements are often excavated using a track backhoe of 
between ½- and 1-cubic yard capacity filling dump trucks 
that dispose of surplus material. The excavation of large-
sized basements may be undertaken using one or more 
track loaders of up to 2- or 3-cubic yard capacity loading 
fleets of trucks that access the bottom of the basement by 
means of ramps down the sides of the excavation. Large-
scale excavations of this type may call for the pricing of 
grading and maintenance of these access ramps.

Trench Excavations

For smaller trenches such as those required for shal-
low pipes and cables, trenching machines are available 
that attach to rubber-tired tractors and provide a highly 
maneuverable and efficient trench-excavating setup.

Larger trenches are more often dug using backhoes. 
Small backhoes are available as attachments to tractors; 
larger units of up to one cubic yard or more capacity 
are usually mounted on crawler tracks. Large backhoes 
are used for excavating deep trenches, and typically 
they cast excavated material (spoil) to either side of the 
trench, where it remains until required for backfilling. 
Where it is not feasible to store spoil in heaps next to 
the trench due to lack of space, backhoes may have to 
load the excavated material onto trucks that remove it 
from the site. Material for backfilling will then have to 
be trucked back to the site when it is required.

Pit and Sump Excavations

Pit and sump excavation is mostly performed using 
backhoes. The particular type and size of backhoe 
used in any situation depend mostly on the size of the 

EXCAVATION EQUIPMENT

PRICE
per DAY

ITEM

105 HP DOZER

3T ROLLER

165 HP DOZER
MOTOR GRADER
VIBRATORY ROLLER

WATER TRUCK
1.5CY TRACK LOADER
12CY DUMP TRUCK
0.75CY TRACK BACKHOE
0.5CY WHEEL BACKHOE
BOBCAT LOADER

$850.00

$760.00

$1,300.00
$1,200.00

$250.00

$750.00
$660.00
$350.00
$700.00
$390.00
$450.00

Figure 10.1  �Excavation Equipment  
(Delmar/Cengage Learning)
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holes to be excavated. Where there are many small pits 
to be dug over the area of the site, backhoes mounted 
on rubber-tired tractors are generally favored because 
of their superior maneuverability over track-mounted 
machines.

Hand Excavation

While it is almost always more economical to use 
appropriate items of equipment to excavate rather than 
to perform the work by hand, there are occasional cir-
cumstances in which hand excavation methods offer a 
more effective means of obtaining the results required. 
But this is becoming a rare occurrence as there are now 
many items of “micro” equipment available that can 
deal with even the most intricate excavations. Even the 
process of trimming the bottom few inches of trenches 
or pits to leave undisturbed soil under concrete footings 
can now be undertaken more efficiently using a small 
backhoe rather than by hand.

Excavation Productivity

As we noted in Chapter 8, the cost of labor and equip-
ment used in completing the work depends on the pro-
ductivity of the project labor crews and the equipment 
they use. The amount of work that excavation and back-
filling crews can perform per hour is highly variable 
because there are so many factors that can affect the effi-
ciency of the labor and equipment involved. Job factors 
and labor factors that particularly influence excavation 
and backfill operations include the following:

Job Factors

	1.	 Type of material excavated or backfilled

	2.	 Moisture condition of materials

	3.	 Weather conditions expected

	4.	 Access to and around site

	5.	 Project size and complexity

	6.	 Distance to haul materials for disposal

	7.	 Availability of gravels and fill materials

	8.	 Wage and price levels at the job location 

Labor and Management Factors

	1.	 Quality of job supervision

	2.	 Quality of job labor

	3.	 Motivation and morale of workers

	4.	 Types and quality of tools and equipment

	5.	 Experience and records of similar past projects 

Type of Material Excavated or Backfilled

Different soils and rocks will certainly provide a wide 
variation in possible excavation productivity rates on a 
project, but it can often be difficult to determine exactly 
what are the nature and quality of the materials to be 
excavated. Even when soils reports are available, the 
information they contain can be inaccurate because data 
are obtained from sampling procedures that often gen-
erate misleading results. So there is a large component 
of risk involved when the estimator makes assumptions 
about the kind of material that is to be excavated on a 
project. Because a faulty assumption can translate into 
a significant dollar amount, the estimator is advised to 
proceed with much care in this area.

We recommend that notes are kept in the estimate stat-
ing all the underlying assumptions made about the material 
to be excavated and explaining the basis of these assump-
tions. Good clear notes detailing the evidence obtained 
in site investigations and information gleaned from soils 
reports together with the conclusions drawn therefrom, 
can provide useful support to possible future claims and 
to negotiations for additional contract reimbursement. The 
evidence of soils reports and investigations should be thor-
oughly discussed by the estimator and his or her colleagues 
during the estimating period; the opinion and advice of 
persons experienced in excavation operations can be most 
valuable in assessing likely soil conditions.

Moisture Conditions of Materials

As can be seen in Figure 10.2, wet materials are heavier 
than dry materials, so excavation productivity will gen-
erally be slower when the material being excavated is 
wet. Not only does the added weight contribute to a 
decrease in productivity but also, especially in clay soils, 
the presence of moisture can produce slippery condi-
tions that slow down operations considerably. Also, 
some soils can become sticky in wet conditions, which, 
again, reduces productivity.

While moisture in clay soil can be a hindrance 
to backfilling operations, adding water to dry back-
fill material is often desirable to assist in attaining the 
compaction requirements. Here close control of mois-
ture content is required since too much or too little mois-
ture can hamper backfilling productivity. The objective is 
to provide the optimum moisture content of soil so that 
the required density of the material can be obtained in 
the compaction operations.

Weather Conditions Expected

The moisture content of the materials handled in exca-
vation and backfilling operations is mostly dependent 
on the prevailing weather conditions at the site. In order 

99395_ch10_ptg01_172-191.indd   174



	 CHAPTER 10    PRICING EXCAVATION AND BACKFILL 	 175

to ascertain what the moisture content of excavation 
material is likely to be, an assessment of weather con-
ditions expected at the site during excavation and fill 
operations is necessary.

Expected weather conditions also have to be con-
sidered in order to forecast extremes of cold, heat, and 
wind conditions, all of which will adversely affect pro-
ductivity at the site and entail additional costs in which 
specific provisions have to be made to allow work to 
proceed in these weather conditions.

Consequently, it is very important for the estima-
tor to anticipate at what time of the year particular 
site operations will take place and obtain information 
about the likely weather conditions in those periods. 
This is another place in the estimating process in which 
estimators tend to take an optimistic approach. Know-
ing that extreme weather conditions are possible at cer-
tain times of the year, the prices used in the estimate are 
based on the assumption that the weather will be good. 
This approach is acceptable only where risk is identified 
and taken into account when the overall bid package 
and fee are assembled later in the process.

Access to and around Site

The condition of site access influences productivity in a 
number of ways. Restricted access can prohibit the use 
of large equipment on some sites. If a large backhoe 

would normally be used for the work involved in a 
project but lack of a suitable access road prevents a 
machine of the desired size from getting to the site, 
then prices have to be based on smaller, less productive 
equipment or the cost of improving the access has to 
be considered.

Productivity can also be reduced when the site is 
located in a congested city center or where a number 
of concurrent operations cause congestion on the site 
itself, forcing the excavator to work around other site 
activities. Here again the estimator has to anticipate 
probable site conditions and make allowances in the 
pricing for them.

Project Size and Complexity

It is, perhaps, axiomatic to state that productivity will 
decline when projects are of a more complex nature. 
However, in order to make appropriate adjustments to 
productivity rates to reflect the difficulty of executing 
the work, an estimator has to develop the skill of assess-
ing project complexity on a defined scale of difficulty. 
Exactly what makes one project more difficult than 
another has to be learned from experience. The junior 
estimator who has not yet developed this skill is advised 
to fully discuss the assessed difficulty of a project with 
more experienced colleagues so that necessary adjust-
ments to rates and prices can be made.

lb./cu. lb./cu. COMPACTION 
MATERIAL yd. kg/m3 yd. kg/m3 FACTOR

1. CLAY—Dry
—Wet

3. EARTH—Dry
—Wet

4. LOAM

—Dry 1⁄4
—Wet 1⁄4

6. SAND—Dry
—Damp
—Wet

2500 1483 3100 1839 24.00%
2800 1661 3500 2076 25.00%

2600 1543 3100 1839 19.23%

2500 1483 3200 1898 28.00%
2700 1602 3400 2017 25.93%

2100 1246 2600 1543 23.81%

2400 1424 2700 1602 12.50%
2850 1691 3200 1898 12.28%
3100 1839 3500 2076 12.90%

2. CLAY and GRAVEL—Dry 2400 1424 2800 1661 16.67%

5. GRAVEL—Pit-run, dry 2550 1513 2850 1691 11.76%
—Put-run, wet 3250 1928 3650 2165 12.31%

to 2" 2850 1691 3200 1889 12.28%
to 2" 3400 2017 3800 2254 11.76%

7. SAND and GRAVEL—Dry 2900 1721 3250 1928 12.07%
—Wet 3400 2017 3750 2225 10.29%

LOOSE BANK

—Wet

Figure 10.2  �Material Weights and Compaction Factors (Delmar/Cengage Learning)
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Generally a large project allows crews and equip-
ment to attain high rates of productivity as, through 
repetition of operations, this enables them to make 
method improvements that enhance production rates. 
Also, when fixed costs such as transportation expenses 
are spread over large quantities of work, unit prices per 
unit of work done are reduced, as demonstrated in the 
following example:

	1.	 Calculate the equipment and labor prices per cu. yd. 
to excavate 3000 cu. yd. of trench using a 3/4 cu. 
yd. backhoe costing $700.00 per day (8 hours) 
plus $4000 for transportation and setup charges. 
Expected output is 60 cu. yd. per hour with an 
operator and 0.5 of a laborer at wages of $54.00 
and $40.00, respectively.

	 2.	 Calculate the equipment and labor prices per cu. yd. 
to excavate 300 cu. yd. of trenching with the same 
crew as listed in item 1. Because the amount of work 
involved is so much less, overall equipment productiv-
ity would probably be lower, but even if it remained 
the same the price per unit of work would increases:

Other Job Factors

As we see later under “Excavation Materials,” the prin-
cipal cost of the materials involved in excavation-and-fill 
operations is the cost of transportation, so, clearly, the 
availability near the site of suitable materials and dis-
posal fields will lower the cost of the work significantly.

Perhaps the most important job factors that must 
be established before an estimate of any trade can be 
prepared are the trade wage rates and equipment prices 
prevailing at the location of the project under consid-
eration. All subsequent pricing is based on the rates 
established by the estimator at the start of the pricing 
operations, so it goes without saying that great care 
should be taken in obtaining accurate information 
about the wage rates and prices that will be in force for 
the project duration.

Labor and Management Factors

The cost of the work of the excavation trade, as in all 
other trades, is much influenced by the quality of the 
labor and management engaged in the operations, but, 
because much of this work is accomplished by use of 
major items of equipment, the ability and skills of com-
petent equipment operators are key to high productivity 
in excavation-and-fill operations. An estimator would 
benefit from maintaining a separate set of productiv-
ity rates for each of the operators of major equipment 
employed by the company so that, when the estimate is 
priced and operator “X” is to be employed, the estima-
tor will be able to ascertain the productivity rate this 
individual operator is capable of for the work involved.

Excavation Work Crews

In order to determine the labor price per unit of excava-
tion work, four elements have to be considered:

	1.	� The number of workers that comprise the work 
crew and their trades

	2.	� The wage rates of the trades involved

	3.	� The probable productivity rate of the crew or the 
equipment they are operating

	 4.	� The productivity time factor (per hour, day, or week) 

Example

A crew comprising 3 laborers and 0.5 of a labor 
foreman is observed to take 2 days (16 hours) to 
excavate by hand 36 cu. yd of heavy soil. (Note 
that 0.5 of a foreman is included because the 
foreman is attached to this crew for only 50% of 
the time.) If the wage rate of laborers is $30.00 

Labor Equipment

Unit Prices: $ $

  Operator 54.00 —

  Laborer	 0.5 3 $40.00 20.00 —

  Backhoe	 $700.00>8             —       87.50

	 Per hour 74.00 87.50

	 Per cu. yd. (>60)         1.23         1.46

Project Prices:

  Transportation: — 4,000.00

  Excavation

    Labor	 3,000 cu. yd. 3 1.23 3,690.00 —

    Equip	 3,000 cu. yd. 3 1.46             — 4,380.00

3,690.00 8,380.00

	 Per cu. yd. (>3000)         1.23         2.79

Labor Equipment

Unit Prices (unchanged): $ $

	 Per cu. yd. (>60)     1.23        1.46

Project Prices:

  Transportation: — 4,000.00

  Excavation

    Labor	 300  cu. yd. 3 1.23 369.00 —

    Equip	 300  cu. yd. 3 1.46            —    438.00

369.00 4,438.00

	 Per cu. yd. (>300)        1.23      14.79
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per hour and of foremen is $33.00 per hour, the 
unit cost of hand excavation on this project can be 
obtained thus:

Crew Cost 5 3 3 $30.00 1 0.5 3 $33.00

	 5 $106.50 per crew@hr.

Productivity Rate 5 16 hours>36 cu. yd.

	 5 0.44 crew@hr. per cu. yd.

	 Unit Cost 5 0.44 3 $106.50

	 5 $46.86 per cu. yd. 

If the same wage rates and productivity rate are 
expected to prevail on a future project, then hand 
excavation on this future project could be priced at 
the same $46.86. But because wage rates and pro-
ductivity rates are liable to vary on different jobs, 
the price will probably have to be modified before 
it can be used for pricing a future job. The unit cost 
in this example is calculated in two steps so that 
changes in wage rates can be assessed separately 
from productivity variations.

If, for example, laborers’ wages rise to $40.00 
and a foreman’s to $44.00, the crew cost would 
become

Crew Cost 5 3 3 $40.00 1 0.5 3 $44.00

	 5 $142.00 per crew@hr.

This represents a 33.3% increase in the crew cost. 
Then, if the productivity is expected to decline by 
10% due to some changed conditions, the new 
productivity rate would become

Productivity Rate 5 0.44 3 1.10

	 5 0.484 crew@hr. per cu. yd. 

And, finally, the revised unit price would be

	 Unit Price 5 0.484 3 $142.00

	 5 $68.73 per cu. yd. 

This new unit price of $68.73 represents an 
overall increase of 46.7% over the original unit 
cost ($46.86) calculated at the beginning of this 
example.

Note that a different unit price would be 
obtained if simply 43.3% was added to the original 
unit rate (33.3% for the wage increase plus 10% for 
the productivity decline). Because these rate changes 
apply to different components of the unit price, 
changes in productivity should be dealt with sepa-
rately from wage rate changes for most accuracy.

Tracking productivity rates separately 
from prices also has the advantage of 
“transportability”—the same productivity rates 

can be used in different localities, only the wage 
rates have to be adjusted to reflect pay rates that 
differ from place to place. 

Productivity Rates

Where contractors do not have their own productivity 
records available to use in estimating future projects, 
they can turn to publications such as Means Building 
Construction Cost Data that provide crew productivity 
rates.* Some production rate information is also avail-
able from equipment manufacturers. Figure 10.3 shows 
the productivity of hydraulic excavators from informa-
tion published by Caterpillar, Inc. All published produc-
tivity rates should be used with caution because they 
generally reflect production in ideal conditions using 
new equipment. But, when there is no alternative, the 
rates given do provide a basis for making an assessment 
of probable production rates.

However, there is no substitute for a good historic 
database of the costs established on a contractor’s own 
projects, as described in Chapter 8. This database can be 
compiled from observations of excavation work made 
by site supervisors, project coordinators, or estimators. 
An example of the data recorded and how the data are 
processed is shown in Figure 10.4. On this example the 
backhoe is taken to be owned by the contractor, and 
an equipment item number is used to identify the spe-
cific unit of equipment used on the work. The estimator 
could use this identification number to determine the 
make, age, and condition of the equipment if neces-
sary. Alternatively, this equipment information could be 
recorded on the data record.

A summary chart of historic productivity rates can 
be prepared from these data records. This chart lists 
excavation operations, shows the typical crew constit-
uents for each operation, and indicates its historic pro-
ductivity range. A sample chart is shown in Figure 10.5 
(page 179). The productivity rates on this chart are used 
in pricing the examples that follow.

Excavation Materials

Materials required in the excavation and backfill oper-
ations mostly comprise gravels and fill materials that 
are required to meet the designer’s specifications for 
use in backfilling and providing base courses under 
slabs and paving. Material prices for backfill have two 
components: the price of supplying material to the site 
and the price of spreading and compacting the material. 
The estimator’s task is to establish the “supply price” of 

*RSMeans (Kingston, MA) publishes a variety of cost data media.
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Estimated Bucket Payload Loose cu. yd./hr. Loose m3/hr.
Loose Cubic Yards (100% Efficiency) (100% Efficiency)

0.25 (0.19 m3) 37 to 67 28 to 51

0.50 (0.38 m3) 75 to 135 57 to 103

0.75 (0.57 m3) 90 to 202 69 to 154

1.00 (0.76 m3) 120 to 270 92 to 206

1.25 (0.96 m3) 150 to 300 115 to 229

1.50 (1.15 m3) 154 to 360 118 to 275

1.75 (1.34 m3) 180 to 420 138 to 321

Hourly Production

Source: Caterpillar, Inc.

Figure 10.3  Productivity of Hydraulic Excavators (Delmar/Cengage Learning)

PRODUCTIVITY RECORD
DATE: 24-Jul-17

JOB NUMBER: #17128
PROJECT: Acme Office Building

JOB SUPERINTENDENT: J. J. Doe
LOCATION: 123 XYZ Street

Seattle, Washington

DATE OF WORK: 17 - 20 Jul 17 (4 days)

WEATHER CONDS: Mostly cloudy, sunny periods

AVE. TEMP: 75°F

NAME TRADE
CREW: John A. Doe             Operator

John B. Doe             Laborer

EQUIPMENT: 3/4 CY Backhoe (Owned)
UNIT NO:

WORK ITEM: Excav. Utility Trench

WORK QUANTITY: 1562.00 cu. yd.

WORK DURATION: 30.00 Hours

PRODUCTIVITY RATE: 52.07 cu. yd./Hour

OTHER COMMENTS:
BY: J. J. Doe

B9133

Rain one day

Figure 10.4  Sample Data Record (Delmar/Cengage Learning)
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OPERATION EQUIPMENT CREW OUTPUT

1. Hand Excavation 0.5 Foreman 3–5 cu. yd./hr. 2–4 m3/hr.
—Light to Medium Soil Site Tools Only    3.0 Laborers
—Heavy Soil to Rock Site Tools Only    0.5 Foreman 0.5–4 cu. yd./hr. 0.4–3 m3/hr.

3.0 Laborers

2. Hand Trimming Site Tools Only    0.5 Foreman 70–200 sq. ft./hr. 6.5–18.5 m2/hr.
srerobaL0.3

3. Strip Topsoil
—Lot Size Areas Bobcat 1.0 Operators 20–50 cu. yd./hr. 15–38 m 3/hr.
—Small Areas 105 HP Dozer 1.0 Operators 40–70 cu. yd./hr. 31–54 m 3/hr.

4. Excavate to Reduce 105 HP Dozer 1.0 Operators 40–70 cu. yd./hr. 31–54 m 3/hr.
Levels—Small Areas

5. Site Grading Motor Grader 1.0 Operators 100–250 sq. yd./hr. 9–23 m2/hr.

6. Basement Excavations 1.5 CY Loader 1.0 Operators 50–150 cu. yd./hr. 38–115 m3/
*Trucks * Drivers hr.0000000

0.5 Laborer

7. Trench Excavations 0.75 CY 1.0 Operators 15–75 cu. yd./hr. 11–57 m3/hr.
Backhoe 0.5 Laborer

8. Excavate Pits and 0.50 CY 1.0 Operators 12–30 cu. yd./hr. 9–23 m 3/hr.
Sumps Backhoe 0.5 Laborers

9. Spread and Compact 105 HP Dozer 1.0 F/M Operator 30–100 cu. yd./hr. 23–76 m3/hr.
Backfill—Basements Roller 1.0 Operators

3.0 Laborers
—Footings  Bobcat 1.0 F/M Operator 20–60 cu. yd./hr. 15–46 m3/hr.

Roller 1.0 Operators
3.0 Laborers

10. Spread and Compact Bobcat 1.0 F/M Operator 10–30 cu. yd./hr. 8–23 m3/hr.
Gravel 6" Thick Roller 1.0 Operators

3.0 Laborers

11. Remove Surplus  1.5 CY Loader 1.0 Operators 100–200 cu. yd./hr. 76–153 m3/
Excavated *Trucks hr.
Material from Site 1.0 Laborer

12. Import Fill from Pit 1.5 CY Loader 1.0 Operators 50–100 cu. yd./hr. 38–76 m3/hr.
to Site *Trucks * Drivers

* Drivers

1.0 Laborer

13. 6" Diameter Drain Tile Site Tools Only    0.3 Foreman 25–35 ft./hr. 7–11 m/hr.
1.0 Skilled Worker
1.0 Laborer

14. Place Drain Gravel, Bobcat 1.0 Operators 20–50 cu. yd./hr. 15–38 m3/hr.
No Compaction 1.0 Laborer

*Calculate number of trucks required.

Figure 10.5  Excavation Work: Productivity Rates (Delmar/Cengage Learning)
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these materials, which is the full price per takeoff unit, 
usually bank measure, to supply the materials to the site 
and unload them. The cost of spreading and compact-
ing these materials after they have been unloaded is esti-
mated separately on the excavation and backfill recap.

Whenever it is possible, the contractor will use the 
material excavated at the site for backfill requirements 
and, thus, eliminate the need to pay for importing out-
side materials for this purpose. For instance, if a base-
ment is to be excavated and backfilled, the excavator 
will leave sufficient excavated material next to the base-
ment so that, when the basement is constructed, this 
material can be used to backfill around the finished 
basement as required. In this case there will be just two 
items to price:

	1.	 Excavation of the basement (including the cost of 
removing surplus material)

	2.	 Backfill around the basement using the excavated 
material

However, where it is not possible to use the 
excavated material for backfill because it is not 
suitable or it does not meet specification require-
ments, a third item has to be priced on the estimate:

	3.	 Import basement backfill material
This item may be priced in two ways: a quote 

may be obtained from a supplier who offers a price 
to deliver to the site material that meets specifi-
cations, or the estimator can calculate the cost of 
obtaining suitable material from a pit or quarry 
and transporting it to the site, including pit royalty 
charges and any additional expenses for grading or 
processing the material to meet specifications. An 
example of pricing the supply of gravel by this sec-
ond method follows. 

Swell and Compaction Factors

Before we can calculate a price for supplying gravel, 
we must consider the effect of material compaction 
because, no matter which method of pricing the sup-
ply of fill material is used, the estimator has to account 
for the swell or compaction factors applicable to that 
material. Swell and compaction factors are discussed in 
Chapter 4, where the measurement of excavation work 
was addressed. However, these factors are not applied 
at the time of the takeoff since bank measure excava-
tion and backfill quantities are not modified when they 
are measured. So now the necessary adjustments have 
to be made for swell and compaction.

Recall that when soil or gravel is excavated, the 
resulting material is less dense than it was in the ground 
before it was disturbed. This same material now occu-
pies more volume, a concept called the swell factor. Sim-
ilarly, backfill material that is compacted will be more 

dense than before it is compacted so, to fill a certain vol-
ume with compacted material, a larger volume of loose 
material will be required. The “compaction factor” is an 
allowance for the extra material required to fill volumes 
with compacted material rather than loose material.

A list of gravels and materials commonly used in 
backfill operations together with their compaction fac-
tors is shown as Figure 10.2.

When a supplier quotes a price of $18.00 per cu. 
yd. (loose) for wet sand, either the price or the bank 
measure takeoff quantity has to be increased by a 
compaction factor that, according to Figure 10.2, is 
approximately 13% in this case. In addition to the 
extra material required for compaction, there will also 
be some wastage of material in the operations, so it is 
convenient to also add a wastage factor to the compac-
tion factor. In this example wastage might amount to a 
further 10%, which gives a combined total of 23% to 
be added for wastage and compaction of the wet sand. 
Where a quantity of 1000 cu. yd. (bank measure) of 
sand bedding had been taken off, the supply of material 
could be priced by either of the following two methods:

	 a.	 Supply Sand: 1000 cu. yd. @ $22.14 5 $22,140

	b.	 Supply Sand: 1230 cu. yd. @ $18.00 5 $22,140 

Some estimators prefer to use method (a) because 
it leaves the takeoff quantity unchanged. Others prefer 
method (b) because it reflects the actual quantity of sand 
that needs to be ordered; either method is acceptable.

Where the supply of fill material is quoted as a 
price per ton, the estimator has to use the unit weight 
of the compacted material to determine the price per 
cu. yd. bank measure. For instance, if a price of $15.00 
per ton is offered for the supply of pit run gravel, using 
the weight of compacted pit run from Figure 10.2, the 
price per cu. yd. can be calculated thus:

Price per cu. yd.

  5 Price per ton 3
Weight of Compacted Cu. Yd. (lbs)

2000 lbs per ton

So, in this case:

Price per cu. yd. 1Bank Measure2 5 $15.00 3
3650
2000

	  5 $27.38

If a price per cu. yd. of loose material is required, 
then, of course, the weight of a loose cubic yard is used 
in the preceding formula.

Calculating Trucking Requirements

In the examples that follow, the estimator has to deter-
mine the optimum number of trucks required to trans-
port excavated materials and gravels. A simple formula 
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can be used for this calculation based on the premise 
that it is desirable to have sufficient trucking capac-
ity to ensure that the excavation equipment is able to 
operate continuously and not have to waste time wait-
ing for trucks. Clearly, three trucks will be required 
if it takes 10 minutes to load a truck and 20 minutes 
for that truck to unload and return for another load, 
because, while the first truck is away, two other trucks 
can be loaded. From this intuitive analysis, the follow-
ing expression is obtained:

Number of Trucks Required 5
Unloading Time

Loading Time
1 1

where

Unloading  Time 5 Round- Trip Trave l Time
	 1 Time to Off@load the Truck

and

Loading Time 5
Truck Capacity

Loader Output

and

Truck Capacity 1Bank Measure2 5
Capacity 1Loose2
1 1 Swell Factor

Note that the number of trucks obtained from this 
calculation should always be rounded up no matter 
how small the decimal. This is because to round down, 
even a small fraction may result in a shortage of truck 
capacity. Most estimators consider it better to have 
more rather than less capacity so that the excavator is 
kept occupied.

Also, this method of calculating the number of 
trucks required is based on there being a sufficient 
amount of material to justify the use of a fleet of 
trucks. Where only small quantities of material are to 
be transported, one or two trucks 
may be all that is needed to move 
the entire quantity of excavated 
material regardless of the output 
of the excavator and the other 
variables. For example, if there 
is a total of just 20 cu. yd. (bank 
measure) of excavated material to 
be removed from a site, and the 
capacity of trucks is 10.5 cu. yd. 
(bank measure), then, clearly, two 
trucks are all that is needed. The 
estimator merely has to calculate 
the time the trucks are required 
for given the output of the exca-
vator, the speed of the trucks, and 
the distance to be traveled by the 
trucks.

Example: Gravel Supply Pricing

Calculate a price of obtaining gravel from a pit 
located 16 miles from the site where there is a 
pit royalty of $2.50 per cu. yd., using a 1.5 cu. 
yd. track loader at the pit to load the gravel at a 
rate of 50 cu. yd. (bank measure) per hour and 
12 cu. yd. dump trucks to transport the gravel to 
the site. The loader and dump trucks are priced at 
the rates stated in Figure 10.1, and the labor crew 
for this operation consists of one equipment opera-
tor at $54.00 per hour, two laborers at $40.00 per 
hour, and truck drivers at $45.00 per hour. In this 
case the dump trucks travel at an average speed 
of 20 miles per hour, the gravel has a swell factor 
of 12%, and 5 minutes is required to off-load the 
truck.

Given these data, the first step in the calcula-
tion is to determine how many trucks are required 
for the operation. So, making use of the formula 
described above:

Number of Trucks Required 5
Unloading Time

Loading Time
1 1

where, in this case:

	 Unloading Time 5
12 3 16 miles2

20 miles per hour

	 3
60 mins.
1@hour

1 5 mins.

	  5 96 1 5

	  5 101 minutes

	 Truck Capacity 5
12 cu. yd. of Loose Material

1.12

	 5 10.71 cu. yd. 1Bank Measure2

Labor Equipment

Gravel Supply Prices: $ $

  Track Loader	 ($660.00>8 hr.) — 82.50

  Operator 54.00 —

  Trucks	 9 3 1$350.00>82 — 393.75

  Drivers	 9 3 $45.00 405.00 —

  Laborers	 2 3 $40.00   80.00        —

539.00 476.25

	 Price per cu. yd.

(Divide by output of 50 cu. yd.>hr.)   10.78 >cu. yd.      9.53  >cu. yd.

Therefore, the total price for gravel 5 $10.78 1 $9.53 1 $2.50 (royalty)

	  5 $22.81  per cu. yd. (bank measure)
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Figure 10.6  House Example: Excavation and Backfill Recap (Delmar/Cengage Learning)

PRICING SHEET SHEET No.  1 of 10

JOB:               House Example                                              DATE:

ESTIMATED: DJP

UNIT UNIT UNIT
NO.  DESCRIPTION   QUANTITY UNIT PRICE LABOR PRICE MATERIALS PRICE EQUIP SUBS TOTAL

 EXCAVATION AND BACKFILL

   $    $    $    $    $    $    $    $

3,988 1,436 3,175 0 8,598

0

0

0

0

0

0

  MATERIALS

0

0

0

0

0.00

0.00

0.00

0.00

0.00

0.00

395

480

561

Strip Topsoil

Excavate Basement

Hand Excavation

6" Dia. Drain Tile

Drain Gravel

Backfill Basement

Gravel Under Slab-on-grade

1

2

3

4

5

6

7

93

448

2

144

21

157

18

CY

CY

CY

LF

CY

CY

CY

2.70

4.23

71.00

2.82

4.70

5.83

15.53

251

1,895

142

406

99

915

280

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0

0

0

0

0

0

0

2.81

4.29

0.00

0.00

2.81

3.44

5.83

261

1,922

0

0

59

540

105

  TRANSPORT EQUIPMENT

512

3,817

142

406

158

1,455

384

1 No. 0.00

0.00

0 0

1 No. 0 0

0.00

0.00

0

0

175.00

112.50

175

113

175

113

8

9

10

6" Drain Tile

Drain Gravel

Pitrun Gravel

158

24

23

LF

CY

CY

0.00

0.00

0.00

0

0

0

2.50

20.00

24.38

11

12

0.75 CY Backhoe

Bobcat

TOTAL EXCAVATION TO SUMMARY:

395

480

561

	 Loading Time 5
110.712 3 60 minutes

50 cu. yd.>hr.

	 5 12.85 minutes

Number of Trucks 5
101

12.85
1 1

	 5 7.86 1 1

	 5 8.86

Therefore, nine trucks are required. 

Excavation and Backfill Recap and 
Pricing Notes Example 1: House

The page number of Figure 10.6, “Excavation and Back-
fill Recap,” is designated as 1 of 14 because this is the first 
sheet of the entire recap for the house. Sheets 2, 3, and 
4 of 14 for the concrete work are found in Figure 11.9; 

sheets 5 through 14 of 14 are found in Figures 12.5 
through 12.9, where the rest of the work is priced.

	 1.	 Excavation and backfill items are listed on the recap 
generally in the same order they appear in the takeoff, 
but note that the item “Gravel under slab-on-grade,” 
which was included in the Concrete Work section 
of the takeoff, is listed on this recap. This is because 
gravel is part of the excavation and backfill trade. 
Large takeoffs will often have items of different trades 
mixed together throughout their length, so each time 
a trade is recapped, the estimator has to comb the 
entire takeoff for all the items of that particular trade.

	2.	 A precise check-off system is required to indicate 
which items have been recapped and thus make 
it clear which items are yet to be considered. The 
accuracy of a takeoff can be completely under-
mined if items that were measured do not get onto 
the recap for pricing. Most estimators check off the 
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takeoff items as they transfer them to the recap, 
and then check them a second time to ensure that 
all items have been recapped.

	3.	 For each of the items listed on the recap, there can 
be an equipment price, a labor price, and, in some 
cases, also a material price. It is useful to be able 
to obtain separate values for the total labor, total 
material, total equipment, and combined totals 
included in an estimate; the use of multiple-column 
stationery can achieve this.

	4.	 Labor, materials, and equipment prices are entered 
in separate columns to provide information for the 
analysis of estimates. This also allows the estimator 
to calculate “add-ons” for each of these cost cate-
gories separately. For example, payroll additive is 
calculated as a percentage of labor, whereas waste 
factors and some taxes are often calculated as a 
percentage of material prices. Here a separate list of 
materials is included so that individual waste fac-
tors can be applied as detailed in the following.

	5.	 The quantity of drain tile has been increased by 
10% to allow for wastage.

	6.	 The quantities of drain gravel and pit-run gravel 
materials are increased to allow for compaction 
and waste:

Net  
Quantity Factor

Gross  
Quantity

Drain Gravel 21 cu. yd. 15% 24 cu. yd.

3” Pit-Run Gravel 18 cu. yd. 25% 23 cu. yd. 

The compaction factor on drain gravel is less 
because this material is not compacted as much as 
the gravel under slab-on-grade.

	7.	 Before excavation work can be priced, equipment 
prices and wage rates for the project have to be 
established. In this example the equipment prices 
shown in Figure 10.1 are used and the wage rates 
are as follows:

Basic Hourly Wage

Equipment Operator	 $54.00

Operator Foreman	 $59.00

Truck Driver	 $45.00

Skilled Worker	 $42.50

Laborer	 $40.00

Labor Foreman	 $44.00 

	8.	 Productivity rates: In all the price calculations for 
this project, the productivity rates selected tend 
toward the low end of the scale because the rela-
tively small quantities of each item prohibit higher 
rates from being attained.

	9.	
Labor Equipment

Strip Topsoil Prices: $ $

Operator	 1.0 3 $54.00 54.00 —

Bobcat	 1 3 $450.00>8      — 56.25

Per hour 54.00 56.25

Per cu. yd. (Productivity: 
20 cu. yd.>hr.)    2.70   2.81

	10.	 Before the basement excavation prices can be calcu-
lated, the number of trucks required for this oper-
ation has to be determined based on the following 
data:

Truck capacity:	� 9 cu. yd. bank  
measure

Distance to dump:	 3 miles one way

Time to off-load truck:	 5 minutes

Average truck speed:	 20 miles per hr.

Output of excavator:	 60 cu. yd.>hr.

 Number of Trucks Required 5
Unloading Time

Loading Time
1 1

	 Where Unloading Time 5 Travel Time
	 1 5 minutes to Off@load

	  5
16 miles2 3 60

20 miles per hr.
1 5

	  5 18 1 5

	  5 23 minutes

	  and Loading Time 5
Truck Capacity

Excavator Output

	  5
9 cu. yd. 3 60

60 cu. yd.>hr.

	  5 9 minutes

	  Therefore, No. of Trucks 5
23
9

1 1

	  5 3.6

So allow for four trucks. 
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	11.	
Labor Equipment

Excavate Basement Prices: $ $

Track Loader (1.5 cu. yd.) 1 3 $660.00>8 — 82.50

Operator 1.0 3 $54.00 54.00 —

Laborer 0.5 3 $40.00 20.00 —

Dump Trucks 4.0 3 $350.00>8 — 175.00

Drivers 4.0 3 $45.00 180.00         —

Per hour 254.00 257.50

Per cu. yd. (Productivity: 60 cu. yd.>hr.)     4.23      4.29

	12.	
Labor Equipment

Hand Excavation Prices: $ $

Foreman 0.5 3 $44.00 22.00 —

Laborer 3.0 3 $40.00 120.00         —

Per hour 142.00 0.00

Per cu. yd. (Productivity: 2 cu. yd.>hr.)   71.00      0.00

	13.	
Labor Equipment

6” Drain Tile Prices: $ $

Foreman 0.5 3 $44.00 22.00 —

Skilled Worker 1.0 3 $42.50 42.50 —

Laborer 0.5 3 $40.00   20.00         —

Per hour 84.50 0.00

Per cu. yd. (Productivity: 30 feet>hr.)     2.82      0.00

	14.	
Labor Equipment

Drain Gravel Prices: $ $

Bobcat 1 3 $450.00>8 — 56.25

Operator 1.0 3 $54.00 54.00 —

Laborer 1.0 3 $40.00   40.00         —

Per hour 94.00 56.25

Per cu. yd. (Productivity: 20 cu. yd.>hr.)     4.70      2.81

	15.	
Labor Equipment

Backfill Basement Prices: $ $

105HP Dozer 1 3 $850.00>8 — 106.25

Vibratory Roller 1 3 $250.00>8 — 31.25

Operator Foreman 1.0 3 $59.00 59.00 —

Operator 1.0 3 $54.00 54.00 —

Laborer 3.0 3 $40.00 120.00         —

Per hour 233.00 137.50

Per cu. yd. (Productivity: 40 cu. yd.>hr.)     5.83     3.44
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	17.	 Drain gravel material price: $20.00 per cu. yd. 
(loose) is quoted by a supplier to deliver gravel to 
the site. This price can be used without adjustment 
as the quantity has been increased to allow for both 
compaction and waste.

	18.	 30 pit-run gravel price: If the price of $15.00 per 
ton is offered to supply and deliver this material to 
the site, the price per cu. yd. (loose) is calculated 
using the weight per cubic yard of uncompacted 
gravel. Thus:

Price per cu. yd. 5 Price per ton

	 3
Weight of Loose Cu. Yd. 1lbs2

2000 lbs>ton

	 5 $15.00 3
3250
2000

	 5 $24.38

	19.	 Another item is added at the end of the recap for 
pricing the transportation cost for the major equip-
ment used in the excavation work.

	20.	Note that all extensions (the amounts obtained 
when the unit prices are multiplied by the quan-
tities) are rounded to the nearest whole number 
so there are no cents shown in any of the price 
totals. 

Excavation and Backfill Pricing 
Notes Example 2: Office/Warehouse 
Building

The page number of this Pricing Sheet (Figure 10.7) is 
designated 1 of 5 because this is the first of five sheets 
needed to recap all the trades, starting with excavation, 
that comprise the contractor’s own work.

On this recap, note that an item, “Dispose of surplus 
excavated material,” has been added that was not listed 
on the takeoff. The quantity for this item is obtained 
by adding together all the excavation amounts, includ-
ing “Bulk excavation,” and deducting the total amount 
of material used for backfill. (Excavation 412CY 2 
Backfill 201CY 5 Dispose 211CY.)

We develop labor, equipment, and material unit 
prices for each item listed on the recap. Labor prices are 
based on the wage rates listed below, equipment prices 
are based on those listed on Figure 10.1, and productiv-
ity rates are obtained from Figure 10.5.

Basic Hourly Wage

Equipment operator	 $54.00

Operator foreman	 $59.00

Truck driver	 $45.00

Skilled worker	 $42.50

Laborer	 $40.00

Labor foreman	 $44.00

Cement finisher	 $46.00

Carpenter	 $50.00

Carp foreman	 $55.00

Rodman	 $52.00

Rodman foreman	 $57.00 

Figure 10.7 shows the estimate spreadsheet based 
on the prices calculated as follows. Unit prices for labor, 
materials, and equipment are entered onto the spread-
sheet by typing these prices into the unit price columns 
against each item of work. If there are existing prices 
in these fields, the required price can be typed over the 
previous price. Note that the material amounts on the 
spreadsheet for gravels include the waste factors that 
were set up in the database.

	16.	
Labor Equipment

Gravel under S.O.G. Prices: $ $

Bobcat 1 3 $450.00>8 — 56.25

Vibratory Roller 1 3 $250.00>8 — 31.25

Operator Foreman 1.0 3 $59.00 59.00 —

Operator 1.0 3 $54.00 54.00 —

Laborer 3.0 3 $40.00 120.00         —

Per hour 233.00 87.50

Per cu. yd. (Productivity: 15 cu. yd.>hr.)   15.53     5.83
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	1.	
Labor Equipment

Gravel under S.O.G. Prices: $ $

Bobcat 1.0 3 $450.00>8 — 56.25

Vibratory Roller 1.0 3 $250.00>8 — 31.25

Operator Foreman 1.0 3 $59.00 59.00 —

Operators 1.0 3 $54.00 54.00 —

Laborers 3.0 3 $40.00 120.00       —

Per hour 233.00 87.50

Price per cu. yd. (Productivity: 20 cu. yd.>hour)   11.65   4.38

PRICING SHEET SHEET No.  1 of 5

JOB: Office/Warehouse Project DATE:

ESTIMATED: DJP

UNIT UNIT UNIT
NO.  DESCRIPTION   QUANTITY UNIT PRICE LABOR PRICE MATERIALS PRICE EQUIP SUBS TOTAL

   $    $    $    $    $    $    $    $

 EXCAVATION AND BACKFILL

1  Gravel under slab-on-grade

2  Strip topsoil 6" deep

3  Excavate trench

4  Excavate pits

5  Bulk excavation

6  Trim bottoms of excavations

7  Gravel fill

9  Backfill trench

10  Backfill pits

11  Waste on gravels

8  Dispose of surplus excavated material

  TRANSPORT EQUIPMENT

12  105 HP dozer

13  0.75 CY Backhoe

14  0.50 CY Backhoe

15  1.5 CY Loader

16  3-Ton Roller

17  Bobcat

12,468 16,798 10,346 0 39,612

1 No. 0.00 0 0

1 No. 0.00 0 0

1 No. 0.00 0 0

1 No. 0.00 0 0

1 No. 0.00 0 0

1 No. 0.00 0 0

0

0

0

0

0

0

0

0

0

0

0

403

1,294

249

13

150

2,942

507

211

191

10

182

CY

CY

CY

CY

CY

sf

CY

CY

CY

CY

CY

11.65

1.08

1.48

2.96

1.35

0.95

7.18

5.24

11.65

15.53

0.00

4,695

1,398

369

38

203

2,795

3,640

1,106

2,225

155

0

9,825

0

0

0

0

0

12,361

0

0

0

4,437

4.38

2.13

1.75

1.95

2.66

0.00

8.16

5.20

4.38

5.83

0.00

1,765

2,756

436

25

399

0

4,137

1,097

837

58

0

16,285

4,154

804

64

602

2,795

20,138

2,203

3,062

214

4,437

90.00

90.00

90.00

90.00

90.00

90.00

90

90

90

90

90

90

100.00

100.00

100.00

100.00

100.00

100.00

100

100

100

100

100

100

190 

190 

190 

190 

190 

190 

TOTAL EXCAVATION TO SUMMARY

24.38

0.00

0.00

0.00

0.00

0.00

24.38

0.00

0.00

0.00

24.38

Figure 10.7  �Estimate Spreadsheet for Pricing Notes Example 2 (Delmar/Cengage Learning)
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Pit-run gravel material will be used for this item and for granular fill. This 
material is quoted at a price of $15.00 per ton delivered to the site.

Price per cu. yd. 5
Price per ton 3 Weight of Loose Cu. Yd. 1lbs2

2000 lbs>ton

	 5
$15.00 3 3250

2000
	 5 $24.38 per cu. yd.

	2.	
Labor Equipment

Remove Topsoil Prices: $ $

105 HP Dozer 1.0 3 $850.00>8 — 106.25

Operator 1.0 3 $54.00 54.00        —

Per hour 54.00 106.25

Price per cu. yd. (Productivity: 50 cu. yd.>hour)   1.08      2.13

	3.	
Labor Equipment

Excavate Trench Prices: $ $

0.75 cu. yd. Backhoe 1.0 3 $700.00>8 — 87.50

Operators 1.0 3 $54.00 54.00 —

Laborers 0.5 3 $40.00 20.00        —

Per hour 74.00 87.50

Price per cu. yd. (Productivity: 50 cu. yd.>hour)   1.48      1.75

	4.	
Labor Equipment

Excavate Pits Prices: $ $

0.5 cu. yd. Backhoe 1.0 3 $390.00>8 — 48.75

Operators 1.0 3 $54.00 54.00 —

Laborers 0.5 3 $40.00 20.00        —

Per hour 74.00 48.75

Price per cu. yd. (Productivity: 25 cu. yd.>hour)   2.96      1.95

	5.	
Labor Equipment

Bulk Cut Prices: $ $

105 HP Dozer 1.0 3 $850.00>8 — 106.25

Operator 1.0 3 $54.00 54.00        —

Per hour 54.00 106.25

Price per cu. yd. (Productivity: 40 cu. yd.>hour)   1.35     2.66
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	6.	
Labor Equipment

Grade & Trim Bottom of Excavations Prices: $ $

Foreman 0.5 3 $44.00 22.00    —

Laborers 3.0 3 $40.00 120.00    —   

Per hour 142.00    —

Price per SF (Productivity: 150 SF.>hour)      0.95    —   

	7.	
Labor Equipment

Granular Fill Prices: $ $

105 HP Dozer 1.0 3 $850.00>8 — 106.25

Motor Grader 1.0 3 $1000.00>8 — 125.00

3 Ton Roller 1.0 3 $760.00>8 — 95.00

Operator Foreman 1.0 3 $59.00 59.00 —

Operators 2.0 3 $54.00 108.00 —

Laborers 3.0 3 $40.00 120.00         —

Per hour 287.00 326.25

Price per cu. yd. (Productivity: 40 cu. yd.>hour)     7.18     8.16

	8.	 Because trucking is required to remove surplus excavated material, the 
number of trucks required for this operation is calculated from the fol-
lowing data:

Truck capacity:	 9 cu. yd. (bank measure)

Distance to dump:	 5 miles one-way

Time to off-load truck:	 5 minutes

Average truck speed:	 15 miles per hr.

Output of loader:	 100 cu. yd. per hr. 

 Number of Trucks 5
Unloading Time

Loading Time
1 1

	  Unloading Time 5 Travel Time 1 5 minutes to Off@load

	  5
10 miles 3 60

15 miles per hr.
1 5

	  5 40 1 5

	  5 45 minutes

	  Loading Time 5
Truck Capacity

Excavator Output
 

	  5
9 cu. yd.

100 cu. yd.>hr.
3 60

	  5 5.4 minutes

	 Number of Trucks 5
45
5.4

1 1

	  5 9.33

So allow for 10 trucks. 
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	9.	
Labor Equipment

Dispose of Surplus Prices: $ $

1.5 cu. yd. Track Loader 1.0 3 $660.00>8 — 82.50

Operator 1.0 3 $54.00 54.00 —

Laborer 0.5 3 $40.00 20.00 —

Dump Trucks 10.0 3 $350.00>8 — 437.50

Drivers 10.0 3 $45.00 450.00          —

Per hour 524.00 520.00

Price per cu. yd. (Productivity: 100 cu. yd.>hour)     5.24     5.20

	10.	
Labor Equipment

Backfill Trenches Prices: $ $

Bobcat 1.0 3 $450.00>8 — 56.25

Vibratory Roller 1.0 3 $250.00>8 — 31.25

Operator Foreman 1.0 3 $59.00 59.00 —

Operator 1.0 3 $54.00 54.00 —

Laborers 3.0 3 $40.00 120.00          —

Per hour 233.00 87.50

Price per cu. yd. (Productivity: 20 cu. yd.>hour)   11.65     4.38

	11.	
Labor Equipment

Backfill Pits Prices: $ $

Bobcat 1.0 3 $450.00>8 — 56.25

Vibratory Roller 1.0 3 $250.00>8 — 31.25

Operator Foreman 1.0 3 $59.00 59.00 —

Operator 1.0 3 $54.00 54.00 —

Laborers 3.0 3 $40.00 120.00          —

Per hour 233.00 87.50

Price per cu. yd. (Productivity: 15 cu. yd.>hour)   15.53     5.83

	12.	 Waste on gravel is calculated using a 20% waste 
factor.

	13.	 Included is an allowance for transportation of each 
item of excavation equipment. This allowance 

comprises two hours for a truck driver at $45.00 
per hour and two hours for a truck at $50.00 per 
hour. 

SUMMARY

�� There are many subcontractors performing excavation 
and backfill work. Most of these companies specialize 
in some aspect of this trade, often because they have 
equipment specifically for one particular type of work.

�� The cost of transporting equipment should be 
considered when pricing excavation and backfill 
operations; this should include the cost of loading, 
unloading, and trucking requirements.
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�� There are four common types of excavation methods:

1.	 Site cut-and-fill operations—on large projects, 
scrapers, dozers, rollers, water trucks, and grad-
ers may be used. Smaller jobs may use just a 
grader or a bobcat with a small roller.

2.	 Basement-type excavations—a track backhoe or 
track loader and dump trucks are often used.

3.	 Trench excavations—trenching machines are 
available for shallow pipes; rubber-tired tractors 
and backhoes for small trenches. Larger trenches 
usually call for track-mounted backhoes.

4.	 Pit and sump excavations—this is mostly per-
formed using various sizes of backhoes. 

�� The productivity of excavation and backfilling 
operations depends on the following:

a.	 Job factors
�� Type of material excavated or backfilled
�� Moisture content of materials
�� Weather conditions expected
�� Access to and around site
�� Project size and complexity
�� Distance to haul materials for disposal
�� Availability of gravels and fill materials
�� Wage and price levels at the job location

b.	Labor and management factors
�� Quality of supervision
�� Quality of job labor

�� Motivation and morale of workers
�� Types and quality of tools and equipment
�� Experience and records of similar past projects 

�� In order to determine the labor price per unit 
of excavation work, four elements have to be 
considered:

1.	 The number of workers that comprise the work 
crew and their trades

2.	 The wage rates of the trades involved

3.	 The probable productivity rate of the crew or 
the equipment they are operating

4.	 The productivity time factor (per hour, day, or 
week) 

�� Productivity rates can be obtained from publica-
tions and from equipment manufacturers, but the 
estimator’s best source of information is his or her 
own record of previous excavation jobs.

�� Material prices for backfill have two components:

1.	 The price of supplying the material to the site

2.	 The price of spreading and compacting the material 
�� The estimator also has to account for swell factors 

and compaction factors when pricing excavation 
and backfill materials.

�� Trucking requirements can be assessed using the 
following formula:

Number of Trucks Required 5
Unloading Time

Loading Time
1 1 

 REVIEW QUESTIONS

	 1.	Describe the two methods of pricing equipment 
transportation expenses.

	 2.	Give two examples of situations in which hand 
excavation may be required.

	 3.	Describe how different materials excavated and dif-
ferent moisture content of these materials affect the 
price of excavation work.

	 4.	Calculate the unit cost per cubic yard achieved in 
the following situation: A crew comprising 4 labor-
ers and 0.5 of a labor foreman is observed to take 
3 days (24 hours) to excavate by hand 40 cubic yards 
of heavy soil. (Note that 0.5 of a foreman is included 
because the foreman is attached to this crew for only 
50% of the time.) The wage rate of laborers is $40.00 
per hour, and of foremen $44.00 per hour.

	 5.	Based on the output shown in Figure 10.5, how 
long should it take a motor grader to grade a 

10,000 square-foot area when the output is expected 
to be at the low end of the scale?

	 6.	Calculate the cost per cubic yard (bank measure) 
of gravel delivered to the site for a price of $12.50 
per ton when one cubic yard bank measure of this 
material weighs 3555 lbs.

	 7.	a. Calculate the price of pit-run gravel delivered to 
the site per cubic yard (bank measure) based on the 
following data:

�� The pit is located 10 miles from the site.

�� Trucks cost $43.75 per hour, including fuel and 
maintenance; they have 12 cubic yards (loose 
material) capacity and travel at an average speed 
of 30 miles per hour.

�� The swell factor for this material is 15%.
�� Trucks take 5 minutes to unload at the site.
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�� The loader costs $82.50 per hour, and loads mate-
rial at the pit at the rate of 40 cubic yards per hour.

�� The truck driver’s wage is $45.00 per hour, and 
the equipment operator’s wage is $54.00 per hour. 

	 7.	b. Calculate the price of crushed gravel delivered to 
the site per cubic meter (bank measure) based on 
the following data:
�� The gravel source is located 15 kilometers from 

the site.
�� Trucks cost $43.75 per hour, including fuel and 

maintenance; they have 9 cubic meters (loose 
material) capacity and travel an average speed of 
50 km per hour.

�� The swell factor for this material is 12%.
�� Trucks take 4 minutes to unload at the site.
�� The loader costs $82.50 per hour and loads 

materials at the pit at the rate of 42 cubic meters 
per hour.

�� The truck driver’s wage is $45.00 per hour, and 
the equipment operator’s wage is $54.00 per hour. 

	 8.	Based on the equipment prices given in Figure 10.1 
and the crew described in Figure 10.5, calculate 
a price per cubic yard to strip topsoil from small 
areas when the expected productivity is 45 cubic 
yards per hour.
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CHAPTER

11

PRICING CONCRETE WORK

 OBJECTIVES

After reading this chapter and completing the review questions, you should be able to do the following:

•	 Describe the job factors and the labor and 
management factors that influence the cost of 
concrete work.

•	 Calculate and compare the costs of different 
concreting methods.

•	 Describe the factors that should be 
considered when pricing concrete materials.

•	 Identify the factors to consider when pricing 
formwork systems.

•	 Calculate the price per unit area of form 
systems.

•	 Describe the factors that influence the price of 
reinforcing steel.

•	 Price miscellaneous items associated with 
concrete work.

•	 Use Excel spreadsheets to price concrete work. 

Cast-in-Place Concrete Work 
Generally

This chapter concerns the process of pricing the cast-
in-place concrete work a general contractor would 
perform. Precast concrete operations are carried out 
primarily by specialist contractors and are considered 
in Chapter 13 together with the work of other 
subcontractors.

Concreting work encompasses a large array of 
activities that can be divided into four main categories:

	1.	 Supplying and placing concrete

	2.	 Construction and removal of formwork

	3.	 Supplying and placing reinforcing steel

	4.	 Miscellaneous items associated with concrete work 

The nature and the quantity of the work included 
in the concreting operations have been described and 
measured in detail in the takeoff process, but the 
takeoff is unlikely to be neatly partitioned into these 
categories of concrete, formwork, reinforcing steel, 
and miscellaneous items. So the first task in the pricing 
process is to recap the takeoff items into these divisions 
ready for pricing.

There are many components that must be examined 
in order to be able to price the work involved in each of 
the categories, so, in each case, we will briefly consider 
those aspects of the work that have an impact on cost. 
Then we will proceed to examine the process of pricing 
this work in terms of the productivity of the crews who 
perform the work and the cost of the materials required 
for the work.
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Supplying and Placing Concrete

The cost of supplying concrete to a site includes the cost 
of cement, sand, aggregate, water, and equipment to mix 
and transport the concrete. A concrete batching and 
mixing plant may be set up at the site of the work on 
projects where a great number of large-sized concrete 
“pours” will create a demand for almost continuous 
concrete production, or where concrete is required in a 
remote area and there is no alternative. Otherwise most 
projects will use ready-mix concrete obtained from a 
local concrete company, which quotes a price to mix 
and deliver to the site concrete that meets the project 
specifications.

If it is necessary for the contractor to operate a batch 
plant at the site, the estimator will have to calculate 
the quantity and cost of cement, sand, aggregate, and 
water required for each class of concrete measured in 
the takeoff, together with the cost of equipment to mix 
this material. To determine the amounts of ingredients 
required to produce specific concrete strengths needed 
in the work, the estimator can consult tables that list 
the weights of materials required per cubic yard of 
concrete. Then the cost of procuring these materials 
can be determined from quotations obtained from 
suppliers, who generally offer to provide and deliver the 
requirements to the site.

In the examples that follow, concrete is assumed 
to be obtained from ready-mixed concrete suppliers, 
which simplifies the pricing process but does introduce 
considerations that have to be addressed regarding 
ready-mix suppliers. These considerations are examined 
in a later section, “Concrete Materials.”

Productivity Placing Concrete

Once the concrete has been mixed and delivered to 
the site, the next cost to consider is the cost of placing 
the concrete in its required position. The productivity 
of this operation depends on a large number of factors 
that we can again classify under job factors and labor 
and management factors as we did with excavation 
operations. Many of the same job factors listed under 
excavation productivity in Chapter 10 also apply to 
concrete work, and certainly all five of the labor and 
management factors identified there will impact the 
productivity of any operation, but the following list 
of job factors introduces some items specific to the 
concrete placing operations:

Job Factors

	1.	 Method of placing concrete

	2.	 Rate of delivery of ready-mix concrete

	3.	 Properties of the concrete to be placed

	4.	 Size and shape of concrete structures

	5.	 Amount of rebar in the forms 

Method of Placing Concrete
The factor that, perhaps, has the most influence on 
the cost of placing concrete is the method used to 
convey the concrete from the mixing trucks to its final 
location. When large continuous concrete “pours” are 
anticipated on a project, the estimator should first 
check on the maximum rate of delivery that can be 
sustained by the ready-mix supplier before deciding on 
a placing method. Using concrete pumps at an output 
of 120 cubic yards per hour may be possible, but if 
concrete can arrive at the site no faster than 50 cubic 
yards per hour, the decision on the method of placing 
concrete might be quite different.

There are a number of methods of placing concrete 
available, including:

	1.	 “Pouring” direct from mixing trucks by means of 
chutes

	2.	 Using hand-operated or powered buggies

	3.	 Using crane and bucket setup

	4.	 Using concrete pumps

	5.	 Using conveyors

	6.	 Using a combination of two or more of these 
methods 

Clearly, if the mixing trucks can get near to where 
the concrete is required, the most economical method 
of placing the concrete is to discharge it into position 
directly from the trucks. The concrete needs to be 
required at a lower level than the level at which the 
material is expelled from the truck if we are to use 
gravity as the motive force, but chutes may be used to 
increase the distance concrete can be conveyed away 
from a truck. This, however, has limitations because 
chutes over 8 feet long can be harmful to the concrete 
mix by causing segregation of concrete constituents.

The use of concrete buggies has declined significantly 
in recent years because using cranes or pumps to move 
concrete is usually less costly. The full price of buggies 
includes not only the cost of renting or owning the 
buggies, but also the cost of constructing runways for 
them to operate on. Buggies also require a large number 
of personnel to operate them if reasonable production 
rates are to be maintained in terms of cubic yards placed 
per hour. As wage rates increase, this labor intensiveness 
makes them even more expensive.

The use of a crane-and-bucket arrangement to 
place concrete is very popular especially on projects 
like high-rise buildings where a central tower crane is 
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employed for a variety of purposes in the construction 
process. The cost of placing concrete by means of a 
pump may be less in a straight comparison between 
“crane and bucket” and pumping, but, so the argument 
goes, if the crane is in place anyway, it is cheaper to 
make use of it for placing concrete and avoid the cost of 
operating a concrete pump. In other words, the expense 
of maintaining and operating a crane at the site is a 
“fixed cost” that will be incurred whether or not it is 
used for placing concrete.

Where a central tower crane is not in place on a 
site, using pumps to place concrete is usually the most 
economical alternative. Concrete pumps are readily 
available on hourly or daily rental terms in most areas 
of the country. Most contractors prefer to rent concrete 
pumps with an operator as they are costly items and 
require much maintenance to remain in good operating 
condition. Modern pumps are capable of high outputs, 
which usually means the limiting factor in determining 
output is not the pump but, rather, the rate at which 
concrete can be delivered or the amount that the labor 
crew placing the concrete can handle.

Conveying concrete in certain project situations 
may be best achieved using a combination of methods. 
For instance, concrete may be raised to a central hopper 
on a high-level floor with a crane and bucket and then 
transported a short distance using hand buggies or even 
a small pump at that location. Sometimes an estimator 
may calculate the cost of placing concrete based on a 
certain placement method and then the project manager 
will use a quite different method on the job. There is 
nothing inherently wrong with this as the estimate 
provides a sum of money for an operation and if this 
work can be performed for less by using different 
methods than originally planned, then cost savings can 
be made. However, in order for the estimated price to 
be most competitive, the estimate has to be based on the 
most efficient methods, which, as we have previously 
stated, can only be determined, with any consistency, 
from frequent discourse between estimators and those 
that manage operations.

Conveying concrete using belt conveyor systems is 
only considered where large quantities of concrete have 
to be placed quickly on a project. This can occur in the 
construction of such structures as concrete dams that 
can call for several thousand cubic yards of concrete to 
be placed in a continuous single “pour.” Occasionally 
other projects may include the placement of a large 
amount of concrete in one continuous operation, 
in which case the estimator may wish to consider a 
number of alternative methods of executing the work 
to determine, at least theoretically, which offers the 
lowest costs. An example of such a cost comparison 
follows.

Example

A high-rise building is to be supported on a 
reinforced concrete “raft” foundation measuring 
100 feet by 150 feet. This foundation contains 
3,000 cubic yards of concrete to be placed in a 
single continuous “pour.” Concrete is to be brought 
to the site in concrete mixers that can deliver up 
to 75 cubic yards of concrete per hour. Three 
alternative means of conveying the concrete from 
the trucks to the foundation are to be considered 
based on the following data:

Wage Rates and Prices

Laborer $40.00 per hr.

Labor Foreman $44.00 per hr.

Equipment Operator $54.00 per hr.

25-Ton Mobile Crane $1,015.00 per day

5" Concrete Pump $1,250.00 per day

Conveyor System $1,150.00 per day

		  1. � Crane and Bucket. Using two mobile cranes with 
1.25 cubic yard buckets and a crew consisting 
of 1 foreman, 12 laborers, and 2 equipment 
operators, it is estimated that this concrete can 
be placed at the rate of 50 cubic yards per hour.

Time required 5
3,000 cu. yd.

50 cu. yd.>hr
1 3 hours 

for start-up and finishing 

5 63 hours

	
	

2.	� Pumping. Using two concrete pumps and a 
crew consisting of 1 foreman, 14 laborers, and 
2 equipment operators, it is estimated that this 
concrete can be placed at the rate of 60 cubic 
yards per hour.

Labor Equipment

Costs: $ $

Mobile 	
Cranes 2  3  3 days  3  $1,015.00 — 6,090.00

Foreman 1  3  63 hours  3  $44.00 2,772.00 —

Laborers 12  3  63 hours  3  $40.00 30,240.00 —

Operators 2  3  63 hours  3  $54.00   6,804.00            —

Totals: 39,816.00 6,090.00

Price per cu. 	
yd. (/3,000):

       13.27         2.03
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Time required 5
3,000 cu. yd.

60 cu. yd.>hr
1 3 hours 

for start-up and finishing

5 53 hours

	3.	� Using two belt conveyor systems and a crew 
consisting of 1 foreman, 18 laborers, and  
2 equipment operators, it is estimated that this 
concrete can be placed at the rate of 72 cubic yards 
per hour.

Time required 5
3,000 cu. yd.

72 cu. yd.>hr
1 5 hours 

for start-up and finishing

5 47 hours

So, on the basis of these calculations, the pumping 
system of placing the concrete would appear to be the 
least-cost alternative in this situation. In practice these 
results would be carefully reviewed and a number of 
other factors would probably be taken into account 
before a final decision on which method to use is reached.

Whenever estimators and managers sit down to 
consider this type of decision, many “what if” questions 
can be raised. In order to better analyze the costing 
of these problems, calculations should be entered 
on a computer spreadsheet so that questions such as 
the following may be answered immediately at the 

discussion table. This speeds up the decision-making 
process and can lead to better decisions.

	1.	 What would be the effect of paying a 10% premium 
for shift work?

	2.	 What productivity rate of the conveyors alternative 
would take it below the cost of pumping?

	3.	 If the number of workers on the crews were 
changed, how would this affect the overall costs?

Properties of the Concrete to Be Placed
Some concrete mixes are easier to handle than others. 
Higher-slump mixes of concrete that are sloppier and 
more liquid than low-slump mixes will flow more easily 
and will take less time to consolidate. Consequently 
less labor should be required to place concrete with a 
higher slump. Unfortunately some concreting crews 
have been known to try to improve the workability 
of concrete that arrives on site by adding a little more 
water to the mix. This is an unacceptable practice as the 
addition of extra water to a mix can seriously impair 
the strength of the concrete. The task of the estimator is 
to recognize specifications that call for low-slump mix 
concrete, appreciate the effect of this on the productivity 
of placing operations, and make the necessary price 
adjustments for these.

Estimators should be aware of the use of 
superplasticizer additives to concrete. These ingredients 
are used to maintain a low water/cement ratio in a 
concrete mix for maximum strength but produce a high-
slump concrete mixture that has the good workability 
required for easy placing. Superplasticizers may be 
specified for a project, in which case the extra cost of 
these additives must be included in the concrete price. If 
they are not specified, analysis of a project might suggest 
possible net savings from introducing superplasticizers, 
in which case they would be used if the extra cost of the 
additives is more than offset by savings in the labor and 
equipment placing the concrete.

Another somewhat recent development in concrete 
technology is the use of fiber-reinforced concrete (FRC). 
Randomly distributed fibers are incorporated into  
the concrete mix with the object of improving the tensile 
strength of the concrete and increasing the concrete’s 
ability to resist cracking and deformation. The use of 
FRC reduces the need for some reinforcing steel bars 
and mesh that are in the concrete to attain these same 
objectives. Fiber reinforcing may be specified in the 
contract, which will require the estimator to account 
for the extra cost of this additive in the concrete prices, 
or the contractor may identify savings if allowed to 
substitute fiber-reinforced concrete for steel-reinforced 
concrete on the project.

Labor Equipment

Costs: $ $

Concrete 	
Pumps 2  3  3  days  3  $1,250.00 — 7,500.00

Foreman 1  3  53 hours  3  $44.00 2,332.00 —

Laborers 14  3  53 hours  3  $40.00 29,680.00 —

Operators 2  3  53 hours  3  $54.00   5,724.00            —

Totals: 37,736.00 7,500.00

Price per cu. yd. (/3,000):        12.58         2.50

Labor Equipment

Costs: $ $

Conveyor 	
System 2 3 2 days 3 $1,150.00 — 4,600.00

Foreman 1 3 47 hours 3 $44.00 2,068.00 —

Laborers 18 3 47 hours 3 $40.00 33,840.00 —

Operators 2 3 47 hours 3 $54.00   5,076.00            —

Totals: 40,984.00 4,600.00

Price per cu. yd. (/3,000):        13.66         1.53
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Size and Shape of Concrete Structures
Generally, large-volume concrete “pours” will cost 
less on a unit price basis than small-volume “pours”; 
thus, columns of greater cross-section will cost less 
per cubic yard than slender columns, and the cost 
of placing concrete in long lengths of wall or wider 
walls will be less than placing in short, thin walls, and 
suchlike.

Placing concrete continuously will be more 
economical than interrupting the placing operations 
to move from one location to another; therefore the 
unit cost of concrete in strip footings will normally 
be less than the cost of isolated footing per cubic yard 
placed.

The size and shape of the concrete structures to be 
built will also impact the decision previously discussed 
regarding which method to use in placing concrete. For 
instance, using a crane and bucket to place concrete 
where the work involves a large number of columns is 
usually more efficient than pumping the concrete into 
place because moving the pump hose from column to 
column hampers productivity.

Amount of Rebar in the Forms
When placing concrete in columns, walls, pilasters, 
and the like, the rate of placement can be seriously 
hampered if a great deal of reinforcing steel has been 
installed in the forms for these structures. A concrete 
mix that gives good workability (high slump) is called 
for so that concrete is able to flow into forms that are 
congested with large amounts of rebar. This condition 
also makes it difficult for workers to insert vibrating 
rods needed to consolidate and avoid air pockets in the 
concrete placed.

Concreting Productivity Rates

Most contractors maintain a database of historic unit 
prices or productivity rates for concreting operations 
gathered on different projects in the past. The information 
contained in the database may be compiled from 
previous project cost reports (see Chapter 8) or from site 
observations of the work in progress, as we discussed 
with regard to excavation work (see Chapter 10).  
Figure 11.1 shows an example of a concreting 
productivity database that we will use for pricing the 
following examples. As with the excavation productivity 
chart used in Chapter 10, a range of historic production 
rates is given for each item. The estimator then decides 
where on this range the work under consideration lies 
by taking into account the factors affecting the work as 
previously listed.

Concrete Materials

Prices for ready-mix concrete are obtained from local 
suppliers who are interested in quoting the supply of all 
concrete required for a project. Most suppliers maintain 
a current price list of concrete, but it is always advisable 
to secure a price quotation specifically for the project 
being estimated for several reasons: discounts may be 
available, prices for concrete that meet the specifications 
are required, and, perhaps most importantly, firm 
prices are required. The prices on a current price list 
are exactly that, that is, prices in effect at this time, but 
the concrete for the project being estimated may not 
be required until some time in the future. So, what the 
estimator needs is the price that will be charged for the 
concrete when it is used on the project; in other words, 
a price offer that, when it is accepted by the contractor, 
will bind the supplier to the prices quoted for the full 
duration of the project. This is what is referred to as a 
“firm price.”

Price quotations obtained from ready-mix concrete 
suppliers usually have a large number of conditions and 
extra charges attached to them. Some of the issues that 
the estimator has to carefully consider when pricing 
concrete materials include:

	1.	 Does the concrete described in the quote meet 
the specifications? The estimator should be alert 
to special mix requirements that are sometimes 
included in concrete specifications. These might be 
in the form of minimum cement requirements in 
addition to concrete strength provisions.

	 2.	 What are the extra charges for supplying special 
cements like sulfate-resisting or high-early cements? 
When using cements other than ordinary portland 
type I cement, concrete prices are invariably increased 
by a stipulated sum per cubic yard of material 
supplied.

	3.	 What are the extra charges for air entrainment, 
calcium chloride, or any other concrete additives 
required to meet specifications?

	4.	 Are there additional charges for cooling concrete 
in hot weather or heating concrete in cold weather 
to account for? In some areas, the cost of heating 
or cooling will be charged automatically for all 
concrete delivered in certain months of the year.

	5.	 If small quantities of concrete are required on a 
project, what are the premiums charged on small 
loads of concrete?

	 6.	 If delays are anticipated in unloading the concrete at the 
site, what will be the waiting time (demurrage) charges?  
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Figure 11.1  �Concrete Work Productivities (Delmar/Cengage Learning)

	 CREWS	 METHOD	 CREW MEMBERS

	 CREW A	 Chute	 1.0 Foreman
			   4.0 Laborers
			   1.0 Cem. Finisher

	 CREW B	 Pumped	 1.0 Foreman
			   5.0 Laborers
			   1.0 Cem. Finisher
			   1.0 Operator

	 CREW C	 Crane and 	 1.0 Foreman
		  Bucket	 5.0 Laborers
			   1.0 Cem. Finisher

	 CREW D	 Hand Placed	 0.5 Foreman
			   1.0 Laborer
			   2.0 Cem. Finishers

ITEM	 OPERATION	 METHOD	 CREW	 OUTPUT

  1.	 Continuous Strip Footings	 Chute	 A	 10–20 cu. yd./hr.	   8–15 m3/hr.
		  Pumped	 B	   8–15 cu. yd./hr.	   6–12 m3/hr.

  2.	� Isolated Footings and Pile Caps	 Chute	 A	   6–12 cu. yd./hr.	   5–9 m3/hr.
		  Pumped	 B	   5–10 cu. yd./hr.	   4–8 m3/hr.

  3.	� Grade Beams and Pilasters	 Chute	 A	 16–25 cu. yd./hr.	 12–19 m3/hr.
		  Pumped	 B	 14–18 cu. yd./hr.	 11–14 m3/hr.

  4.	� Foundation and Retaining Walls	 Chute	 A	 10–13 cu. yd./hr.	   8–10 m3/hr.
		  Pumped	 B	   9–12 cu. yd./hr.	   7–9 m3/hr.

  5.	� Above-Grade Walls	 Pumped	 B	   8–13 cu. yd./hr.	   6–10 m3/hr.
		  Crane	 C	   7–12 cu. yd./hr.	   5–9 m3/hr.

  6.	 Columns	 Pumped	 B	   5–10 cu. yd./hr.	   4–8 m3/hr.
		  Crane	 C	   4–9 cu. yd./hr.	   3–7 m3/hr.

  7.	 Sumps and Manholes	 Chute	 A	   6–10 cu. yd./hr.	   5–8 m3/hr.
		  Pumped	 B	   5–9 cu. yd./hr.	   4–7 m3/hr.

  8.	 Slab-on-Grade	 Chute	 A	 13–22 cu. yd./hr.	 10–17 m3/hr.
		  Pumped	 B	 14–23 cu. yd./hr.	 11–18 m3/hr.

  9.	� Mud Slab	 Chute	 A	 10–14 cu. yd./hr.	   8–11 m3/hr.
		  Pumped	 B	   8–12 cu. yd./hr.	   6–9 m3/hr.

10.	� Suspended Slab and Beams	 Pumped	 B	 13–19 cu. yd./hr.	 10–15 m3/hr.
		  Crane	 C	 11–17 cu. yd./hr.	   8–13 m3/hr.

11.	� Stairs and Landings	 Pumped	 B	   5–9 cu. yd./hr.	   4–7 m3/hr.
		  Crane	 C	   4–8 cu. yd./hr.	   3–6 m3/hr.

12.	 Stair Treads	 Hand Placed	 D	 25–60 sq. ft./hr.	   2–6 m2/hr.

13.	 Slab Topping�—Separate	 Pumped	 B	   3–7 cu. yd./hr.	   2–5 m3/hr.
	 Slab Topping—Monolithic	 Pumped	 B	   5–9 cu. yd./hr.	   4–7 m3/hr.

14.	 Slab-on-Metal Deck	 Pumped	 B	   7–12 cu. yd./hr.	   5–9 m3/hr.
		  Crane	 C	   6–11 cu. yd./hr.	   5–8 m3/hr.

15.	 Equipment Bases	 Pumped	 B	   6–10 cu. yd./hr.	   5–8 m3/hr.

16.	� Beams	 Pumped	 B	   5–8 cu. yd./hr.	   4–6 m3/hr.
		  Crane	 C	   6–9 cu. yd./hr.	   5–7 m3/hr.

17.	 Sidewalks	 Chute	 A	 15–25 cu. yd./hr.	 11–19 m3/hr.
		  Pumped	 B	 15–25 cu. yd./hr.	 11–19 m3/hr.
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Demurrage charges for long unloading times are 
seldom included in the estimate because estimators 
are usually optimistic about the crews’ ability to 
unload concrete quickly.

	7.	 If concrete is required to be delivered to the job 
outside of normal working hours, what are the 
additional charges?

	 8.	 If disposal of surplus concrete and cleaning of concrete 
trucks are restricted because of environmental 
restrictions, are there any additional fees payable 
to cover these activities? An “environmental fee” is 
sometimes charged by suppliers to cover the cost of 
complying with regulations. 

Waste Factors

Recall that the quantities of concrete taken off are 
the unadjusted net amounts shown in the drawings. 
Allowance for waste and spillage of this material can be 
made by increasing the takeoff quantities or by raising 
the price by the percentage factor considered necessary. 
In the examples that follow, the concrete material 
quantities have been increased as noted to account for 
wastage.

The value of waste factors usually lies between 1% 
and 5% for concrete placed in formwork and can be 
as much as 10% for concrete placed directly against 
soil. Even higher waste factors can be expected when 
concrete is to be placed in rock excavations where there 
is a possibility of “over break” present.

Example: Concrete Supply Pricing

The example of a quotation for the supply of 
ready-mix concrete shown in Figure 11.2 is used to 
price the following concrete material requirements 
for work to be completed on a project between 
December and February:

		    1.	 3000 psi Concrete, Type I Cement:

			   Basic concrete price:� $ 120.00

			   Environmental fee:� 3.00

			   Extra for winter heat:�   12.00

� 135.00

			   Sales tax:			   7%� 9.45

			   Total price per cu. yd:� 144.45 

		    2.	 3500 psi Concrete, Type V Cement, Air Entrained:

			   Basic concrete price:� $ 135.00

			   Environmental fee:� 3.00

			   Extra for winter heat:� 12.00

			   Extra for type V:� 5.50

			   Extra for air entrainment:�     6.00

� 161.50

			   Sales tax:			   7%�   11.31

			   Total price per cu. yd:� 172.81 

		    3.	� 4000 psi Concrete, Type V Cement, Air 
Entrained, Fiber Reinforced:

			   Basic concrete price:� $140.00

			   Environmental fee:� 3.00

			   Extra for winter heat:� 12.00

			   Extra for type V:� 6.50

			   Extra for air entrainment:� 7.00

			   Extra for fiber reinforcement:�   17.00

� 185.50

			   Sales tax:			   7%�   12.99

			   Total price per cu. yd:� 198.49 

		    4.	� 4500 psi Concrete, Type I Colored Cement, Air 
Entrained:

			   Basic concrete price:� $ 150.00

			   Environmental fee:� 3.00

			   Extra for winter heat:� 12.00

			   Extra for colored cement:� 5.50

			   Extra for air entrainment:�   7.50

� 178.00

			   Sales tax:			   7%�   12.46

			   Total price per cu. yd:� 190.46 

Formwork

A wide range of methods of providing formwork for a 
project is available. At one end of the range, a formwork 
system may be custom built at the site for use on the 
one project only. At the other extreme, a system, which 
was prefabricated off-site at some time in the past, may 
be employed on the project for one or several uses and 
then be shipped off to other projects for further use. 
Whichever method of providing formwork is adopted, 
there are a number of costs that must be considered 
when pricing a formwork system:

	1.	 The cost of building the form system (fabrication) 
and keeping it in good repair, which can be spread 
over the number of uses the form system is put to.

	2.	 The cost of setting up the form system each time it 
is used.
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	3.	 The cost of removing the system after the concrete 
has been placed (stripping). The cost of cleaning 
and oiling the forms ready for reuse should be 
included with the stripping cost.

	4.	 Other possible costs such as transportation, 
handling, and storage of the form system between 
uses. 

Formwork Productivity

The factors that affect the productivity of crews 
fabricating and erecting formwork systems include the 
same general job factor and labor and management 
factors previously discussed, but there are a number 
of items that impact the productivity and cost of 
formwork, particularly:

	1.	 Potential for reuse of a form system

	2.	 Complexity of formwork design

	3.	 Use of “fly forms” (“gang forms”)

	4.	 Number of form ties required for a system 

Amount of Reuse
A major factor in determining the cost of formwork is 
the number of times a set of forms can be reused. The 
cost of the materials used in a formwork system and 

the cost of constructing the system—the fabrication 
costs—are distributed over the total number of square 
feet (m2) formed by the form system over its life. Thus, 
increasing the number of times the system is used will 
reduce its unit cost per square foot (m2) of use. Also, 
reuse of a form system many times over can increase 
the productivity of the crew that sets up the forms each 
time they are used. As the crew becomes more familiar 
with the system after repeated uses, especially with 
the more complicated systems, the crew can maintain 
a learning rate that reflects increased efficiency every 
time the system is reused.

However, the estimator should note that as forms 
are used over and over again, the cost of their repair 
increases and offsets the advantage of reuse to some 
extent. In fact, a form system can be used so many times 
that it reaches such a state of disrepair that it is more 
economic to replace it.

Wherever possible, form systems are constructed of 
panels made in standard shapes and sizes so that they 
can be assembled in different configurations to produce 
a variety of designs. Using simple-to-build standard 
panels offers savings from both minimum material 
usage and maximum labor and equipment productivity. 
These panels often consist of a lumber or aluminum 
frame faced with plywood that will be in contact 
with the concrete. Panels made entirely of metal are 

ABC CONCRETE PRODUCTS, INC.

PROJECT: XYZ Office Building, Townville.

We are pleased to quote you as follows for the supply of ready-mix delivered to the above project:

Delivered Additional Additional
Mix Strength Aggregate Cement Price for Type III for 4–6% Air

(psi) Size Type per CY or Type V  Entrainment

1. 3000 3/4" I $120.00 $5.00 $4.00
2. 3500 3/4" I $135.00 $5.50 $6.00
3. 4000 3/4" I $140.00 $6.50 $7.00
4. 4500 3/4" I $150.00 $7.00 $7.50
5. 5000 3/4" I $155.00 $7.50 $8.00

The above prices are based on ABC Concrete's standard mix designs.

All products are subject to a municipal sales tax of 7%.

For 1/2" aggregates add $6.50 per CY to the above prices.
For polypropylene fibers add $17.00 for 2 lbs. per CY.
For pigments (red, black, tan, or brown) add $5.50 per CY.

    EXTRA CHARGES: Calcium Chloride (1%): $3.00  Per CY
Calcium Chloride (2%): $6.00  Per CY

Winter Heat between November 25 and March 15: $12.00  Per CY
Environmental Fee: $3.00  Per CY

Figure 11.2  �Concrete Materials Price Quote Example (Delmar/Cengage Learning)
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available, and the large number of reuses possible with 
metal panels can justify their high price. However, when 
metal panels have been used many times, the quality of 
concrete finish attainable from them deteriorates if they 
have been roughly handled in their use.

Complexity of Formwork Design
Formwork can mold concrete to virtually any shape, 
but constructing complicated shapes significantly 
increases the cost of formwork. Where unique concrete 
shapes are called for on a project, forms will have to be 
custom made. Not only will this result in a high initial 
construction cost but also, if the shape is not to be 
repeated again and the forms are not reusable, the cost 
per use will be extremely high because fabrication costs 
cannot be distributed over multiple uses.

The estimator always has to be alert to any 
concrete features that will demand special formwork 
on a project. The use of prices for “standard” forms 
in these situations can lead to considerable formwork 
cost overruns as the price of custom work can be many 
times the price of general formwork.

Use of “Fly Forms” (“Gang Forms”)
The cost of formwork operations can also be 
substantially reduced where formwork systems are 
constructed for large areas of floors or walls and reused 
many times over in the course of a project. These 
systems of “fly forms” or “gang forms” are fabricated in 
large modules, and “flown” from one setup to the next 
usually by means of a cen-trally located tower crane at 
the site. The construction of reinforced concrete high-
rise buildings is particularly suited to this method of 
construction.

Number of Form Ties Required for a System
The most time-consuming activity involved in setting 
up a form system is usually the placing and adjusting 
of form ties. The function of form ties is to hold the 
form system together prior to concreting, then to resist 
the pressures exerted by concrete as it is placed in the 
forms. Form ties fall into two main categories: “snap 
ties,” which are designed to break inside the concrete 
and are thus completely used up in the process, and 
she-bolt or coil ties systems that comprise bolts that are 
reused and connecting rods that remain in the concrete. 
The number of form ties required for a system depends 
on five variables:

	1.	 The capacity of the form ties—Form ties have to 
resist the pressure of the con-crete; higher-capacity 
ties can resist more pressure so they can be spaced 
farther apart in the system.

	2.	 The rate of filling the forms—Quickly filling forms 
for walls or columns will cause high pressures on 
the forms that will call for more ties, especially at 
the lower levels.

	3.	 The temperature of the concrete—Colder concrete 
takes longer to gain strength, so concreting in 
colder temperatures generally results in higher 
pressures on form ties.

	4.	 The method of placing concrete—Methods that 
result in large loads of concrete being deposited 
quickly in the forms will cause high pressures.

	5.	 The depth of drop and the distribution of reinforc-
ing steel—Concrete that drops some distance into 
the forms will exert added pressure on forms, but if 
the concrete has to pass by rebar in its fall the effect 
will be reduced.

Formwork Productivity Rates

Figure 11.3 shows an example of a formwork 
productivity database that might be maintained by 
a contractor who is engaged in pricing formwork 
operations based on the performance of crews on past 
projects. We will use the productivity rates shown in the 
figure for pricing the examples that follow.

Pricing Formwork Materials

Formwork for cast-in-place concrete may be constructed 
of lumber, plywood, aluminum, steel, and combinations 
of these materials. These materials are combined in a 
formwork system that can be reused a number of times 
on the project under construction and possibly on other 
projects. The cost of materials used in a formwork 
system would include the rental or purchase cost of 
all the components involved in its construction except 
for form ties and other hardware items that are priced 
separately. The cost of form hardware is often estimated 
as a percentage of the price of the form system it is 
required on. Any shoring required to support a form 
system is also usually priced separately from the form 
system.

After all the components of a form system have 
been priced, the total system price would be expressed 
as a price per square foot or square meter of formwork 
contact area. Recall that the “contact area” is the area 
of the form system that will be in contact with the 
concrete. This material price per square foot or square 
meter can then be applied to the total square foot or 
square meter area that is to be formed using this 
particular form system on the project as recorded in the 
quantity takeoff.
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Figure 11.3  �Formwork Productivities (Delmar/Cengage Learning)

If a rented formwork system is to be considered 
for use on a project, pricing the materials is a relatively 
straightforward procedure. Prices are obtained 
from formwork rental companies quoting the cost 
of renting the required system for a specified time 
period. Any further charges necessary for such items as 
transportation, storing, or handling the forms before 
and after their use are added to the rental prices. This 
total price is then divided by the total formwork contact 
area to determine the required price per square foot or 
square meter. Here is another situation in which the 
estimator should endeavor to secure from suppliers firm 
quotations whenever possible for the specific formwork 
requirements of a project. Using catalog prices for “off 
the shelf” form systems can lead to problems brought 
about by price increases that occur between the time a 

price is used in the estimate and the time a contract is 
concluded for the rental of the formwork.

Where form materials are to be purchased, 
calculating the price to use in the estimate can be a little 
more complicated than with rented systems. Quotations 
for formwork components such as lumber and plywood 
are readily available, but the price of the form system 
depends on its design and taking into account such 
factors as the size and type of components, the stud 
spacing, the amount of bracing required, and so on. The 
price also depends on the amount of reuse the system 
is expected to get on this project and on all possible 
future projects. To obtain the most accurate prices, form 
materials are priced in detail by first considering all the 
components of the system needed to meet the required 
design, then adjusting the price for the cost of anticipated 

FORMWORK PRODUCTIVITIES

	 CREWS	 CREW MEMBERS

	 CREW A	 1.0 Carp. Foreman 
		  6.0 Carpenters 
		  2.0 Laborers

	 CREW B	 0.3 Carp. Foreman 
		  2.0 Carpenters

	 CREW C	 1.0 Labor Foreman 
		  1.0 Carpenter 
		  6.0 Laborers

ITEM	 OPERATION	 CREW	 OUTPUT

  1.	 Continuous Strip Footings	 A	 115–150 sq. ft./hour	 11–14 m2/hour
  2.	 2 3 4 Keyways	 B	 150–170 ft./hour	 46–52 m/hour
  3.	 Isolated Footings and Pile Caps	 A	   95–130 sq. ft./hour	   9–12 m2/hour
  4.	 Grade Beams	 A	 110–130 sq. ft./hour	 10–12 m2/hour
  5.	 4" 3 8" Void Forms	 B	 150–170 feet/hour	 46–52 m/hour
  6.	� Pilasters	 A	   55–80 sq. ft./hour	   5–7 m2/hour
  7.	 Foundation and Retaining Walls	 A	   80–105 sq. ft./hour	   7–10 m2/hour
  8.	� Bulkheads	 A	   30–40 sq. ft./hour	   3–4 m2/hour
  9.	� Blockouts up to 8 SF	 B	  0.5–2.0 no./hour	  0.5–2.0 no./hour
10.	 Above-Grade Walls	 A	   60–90 sq. ft./hour	   6–8 m2/hour
11.	� Columns�—Rectangular	 A	   55–80 sq. ft./hour	   5–7 m2/hour
	 —Circular	 A	   25–50 sq. ft./hour	   2–5 m2/hour
12.	� Sumps and Manholes	 A	   60–80 sq. ft./hour	   6–7 m2/hour
13.	 Edges of Slab-on-Grade	 A	   80–100 sq. ft./hour	   7–9 m2/hour
14.	� Construction Joints—SOG	 A	   45–60 sq. ft./hour	   4–6 m2/hour
15.	� Edges of Suspended Slab	 A	   65–85 sq. ft./hour	   6–8 m2/hour
16.	� Soffit of Suspended Slabs	 A	   90–120 sq. ft./hour	   8–11 m2/hour
17.	 Soffit of Stairs	 A	   35–40 sq. ft./hour	   3–4 m2/hour
18.	 Edges and Risers of Stairs	 A	   60–80 sq. ft./hour	   6–7 m2/hour
19.	 Edges of Slab-on-Metal Deck	 A	   45–60 sq. ft./hour	   4–6 m2/hour
20.	� Edges of Equipment Bases and Curbs	 A	   40–90 sq. ft./hour	   4–8 m2/hour
21.	� Sides and Soffits of Beams	 A	   45–90 sq. ft./hour	   4–8 m2/hour
22.	 Edges of Sidewalks	 A	   80–100 sq. ft./hour	   7–9 m2/hour
23.	 Stripping Forms	 C	 120–350 sq. ft./hour	 11–33 m2/hour
24.	 Shoring Frames	 B	     3–5 no./hour	   3–5 no./hour
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repairs and material wastage, and, finally, accounting for 
the number of reuses it is estimated the system will have 
in its full lifetime.

When there are a large number of form systems 
required for a project, calculating each form material 
price in such detail can be a substantial chore. The 
“number crunching” can be reduced where a computer 
program is set up based on the form materials 
requirements of common form designs. This program 
can be designed to automatically calculate the price of 
an assortment of form systems from the input prices 
of the components used to construct the formwork 
systems considered. See Figure 11.4 for an example 
of form materials priced on a computer spreadsheet 
program.

Alternatively, the need for a multitude of 
calculations of form materials prices can be entirely 
avoided by using an “average price” for all form 
materials required on a project. Most contractors 
keep track of actual form materials costs incurred 
on their projects in much the same way as they track 
productivities. From this information the average 
cost of form materials can be determined from past 
project records; then this established “average price” 
can be used to estimate the average cost of form 
materials on a future project. This method of pricing 
form materials can be reasonably accurate if the 
same kind of formwork systems are used on past and 
future projects and necessary adjustments are made to 
the “average prices” for the price fluctuations of the 
lumber, plywood, and suchlike components used in the 
formwork systems.

However, if a formwork system is to be used that 
is different from systems used on previous projects, an 
accurate price of the new system can be obtained only 
by pricing it in detail as previously described. Also, 
when a new formwork system is considered, the labor 
cost of the system has to be analyzed in detail since 
“historic” labor productivities apply only to reuse of 
established form systems. An example of pricing a new 
form system in detail follows.

Example: Formwork Pricing

Figure 11.5 shows the design of a formwork 
system for use in forming an elevated beam. It 
is assumed that a number of long sections are 
to be constructed and each section of formwork 
will be used 6 times. If the contractor has 
never used this form system before, a detailed 
analysis is required to obtain the most accurate 
assessment of the costs of the system. The labor 
price for this system is calculated using the labor 
productivity of a crew fabricating the forms, 
the productivity of a second crew setting up 

the forms each time the system is used, and the 
productivity of a labor crew stripping, cleaning, 
and oiling the forms ready for reuse. These 
productivities are based on the observation and 
cost analysis of similar operations involved in 
fabricating, erecting, and stripping different form 
systems in the past.

The labor crews, their productivities and the 
prices of component materials used in this example 
are as follows:

Labor Crew: 1 Carpenter  
Foreman 

$55.00/hr. 5 $ 55.00

5 Carpenters $50.00/hr. 5  250.00

2 Laborers $40.00/hr. 5     80.00

Crew Cost per Hour: 385.00

Note: This crew will fabricate the form system, a 
crew of the same composition will erect the system 
each time it is used, and a crew composed of 
laborers will strip the forms after each use. 

Productivity erecting the form system is 75 square 
foot (contact area)/hr. Productivity stripping the 
form system is 30 square foot/hr. per laborer.

The following materials are based on a section 
of forms 12'0'' long. Note that this length of 12'0'' 
is chosen merely for convenience; the actual length 
of the form system to be used on the job may not 
be known at the time of the estimate. Because the 
actual length of the system will probably be much 
longer than 12'0'', the calculation of the number of 
beams will have to be modified. Usually, if beams 
are spaced 3'0'' on center over a space of 12'0'', 
we would divide 12 by 3 and add 1 for the end 
beam. In this case, however, we divide 12 by 3 and 
leave it as 4, which leaves spaces at each end of this 
12'0'' length for continuity with the remainder of 
the section.

Component
Material  

Price
Fabricating 
Productivity

¾" 	
Formply

$60.00 	
per sheet 5 $1.88/sq. ft. 250 sq. ft./hr.

2 3 4 	
Lumber

$620.00/	
1000 bd. Ft. 5 $0.62/bd. ft. 200 sq. ft./hr.

4 3 4 	
Lumber

$1275.00/	
1000 bd. Ft. 5 $1.28/bd. ft. 240 sq. ft./hr.

4 3 10 	
Lumber

$1450.00/	
1000 bd. Ft. 5 $1.45/bd. ft. 300 sq. ft./hr.

Form Oil $5.00/gal. 5 $0.05/sq. ft. Not Applicable
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PRICING FORM MATERIALS ON A COMPUTER SPREADSHEET

By setting up formulas that reflect the quantities of component parts  
required for a form system, the computer can be used to calculate the material 
price of that form system using the prices of the component parts as variables. 
Updating the prices of the component parts will automatically update the mate-
rial price per SF for the system as shown below.

The formwork system prices generated by this program can be linked to 
other cells on the spreadsheet for pricing the quantities of formwork taken off.

Continuous Footings: From records of previous work: for 8 SF (contact area) of 
forms, 8 SF of formply is required, 15.33 BF of 2 3 4 is required, and 6.0 BF of  
2 3 6 is required.

Calculation for SET 1:	Cost of formply	 5 $50.00/32	   5 $1.56/SF 
	 Cost of 2 3 4	 5 $580.00/1000	   5 $0.58/BF 
	 Cost of 2 3 6	 5 $580.00/1000	   5 $0.58/BF

Cost of Forms 5 8 3 $1.56 1 15.33 3 $0.58 1 6 3 $0.58 5 $24.85 for 8 SF 
	 Per SF	   5 $24.85/8 5 $3.11 /SF 
If these forms are used 6 times, cost per use	  5 $3.11/6  5 $0.52 /SF per use 
	 Add 20% for waste and repairs	   5 $0.52 3 1.20 
	 Total Cost	   5 $0.62 /SF per use

SET 1: COMPONENTS	 PRICES ($)

Form plywood:	   50.00	 per sheet 
2 3 4 Lumber:	 580.00	 per 1000 board feet 
2 3 6 Lumber:	 580.00	 per 1000 board feet

SET 1: FORM SYSTEMS	 PRICES ($)

Continuous Footings 1'0" high:	 0.622	 per SF 
Walls 8'0" high:	 0.559	 per SF 
Grade Beams 2'0" high:	 0.699	 per SF

SET 2: COMPONENTS	 PRICES ($)

Form plywood:	   65.00	 per sheet 
2 3 4 Lumber:	 620.00	 per 1000 board feet 
2 3 6 Lumber:	 720.00	 per 1000 board feet

SET 2: FORM SYSTEMS	 PRICES ($)

Continuous Footings 1'0" high:	 0.752	 per SF 
Walls 8'0" high:	 0.682	 per SF 
Grade Beams 2'0" high:	 0.835	 per SF

SET 3: COMPONENTS	 PRICES ($)

Form plywood:	   80.00	 per sheet 
2 3 4 Lumber:	 680.00	 per 1000 board feet 
2 3 6 Lumber:	 740.00	 per 1000 board feet

SET 3: FORM SYSTEMS	 PRICES ($)

Continuous Footings 1'0" high:	 0.872	 per SF 
Walls 8'0" high:	 0.797	 per SF 
Grade Beams 2'0" high:	 0.962	 per SF

Figure 11.4  �Pricing Form Materials Example (Delmar/Cengage Learning)
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Figure 11.5  Formwork System to Elevated Beam (Delmar/Cengage Learning)

Component
Material 
Price $

4 3 10 Beams 4 3 6'-0" 5 24 ft. 5 80 bd. ft. @ $1.45 5 116.00

4 3 4 Joists 4 3 12'-0" 5 48 ft. 5 64 bd. ft. @ $1.28 5   81.92

2 3 4 Walers 12 3 12'-0" 5 144 ft.

Frames 4 3 12'-0" 5 48 ft.

2 3 10 3 4'-0"5 80 ft.

Braces 2 3 4 3 5'-0" 5 40 ft.

5 312 ft. 5208 bd. ft.@ $0.62 5 128.96

¾" Formply — sides 8'-0"

— bottom 13'-0"

11'-0" 3 12' 5 132 sq. ft. @ $1.88 5 248.16

575.04

Waste and Repairs add 20% 115.01

690.05

Price per use (/6) 115.01

Material price per sq. ft. (/126 sq. ft contact area) 0.91

Add cost of form oil required for each use 0.05

0.96
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Again, based on a section of forms 12'0" long, the fabricating costs are as follows:

Component
Labor 
Price $

4 3 10 Beams 80 bd. Ft. @ $385.00/300 bd. ft. 5 102.67

4 3 4 Joists 64 bd. Ft. @ $385.00/240 bd. ft. 5 102.67

2 3 4 Pieces 208 bd. Ft. @ $385.00/200 bd. ft. 5 400.40

¾" Formply 132 sq. Ft. @ $385.00/250 sq. ft. 5 203.28

809.01

Waste and Repairs add 20% 161.80

970.82

Price per use (/6) 161.80

Fabricating price per sq. ft. (/126 sq. ft.) 1.28

Erecting price per sq. ft. 5 $385.00/75 sq.ft. 5.13

Stripping price per sq. ft. 5 $40.00/30 sq.ft. 1.33

7.75

The cost of form hardware and shoring frames 
required for this system would be estimated 
separately.

Form hardware is often computed at a rate 
of between 15% and 30% of the total value of 
formwork material included in the estimate. If 
a detailed analysis of hardware required for the 
above system is called for, it may be calculated as 
follows.

The form design calls for 3 form ties to be 
placed at intervals of 3'0" horizontally along the 
length of the beam (see Figure 11.5); therefore,  
12 ties are required for a 12'0'' long section of 
beam. Thus 0.095 ties (12/126 sq. ft.) are required 
per sq. ft. of contact area.

If form ties cost $2.00 each, 
the cost per square foot for 
form ties 5 $2.00 3 0.095 ties>sq. ft.
� 5 $0.19

Add for the cost of nails and other  
items of hardware� 5 $0.10

Then the total estimated cost of form 
hardware per sq. ft.� 5 $0.29

The cost of shoring frames to support this 
beam form system includes the rental cost and 

the cost of labor erecting the frames. In order to 
estimate the cost of renting the shoring frames, the 
estimator needs to determine how long the shores 
will be used with each beam setup. Let us say, 
in this situation, that the shores will be required 
for an average of 9 workdays supporting one 
beam before they can be moved to the next beam 
location.

Material Price: If the shoring frames complete 
with accessories are rented at the price of  
$16.50/frame per month (22 workdays), the cost  
of shoring can be estimated as follows:

Considering a 12'0" length of beam forms 
once again,

the number of shoring frames required 
5 2 3 (12'0"/3'0")� 5 8 frames 

Rental cost 5 8 frames × 9 workdays  
3 ($16.50/22)� 5 $54.00 

Material cost per sq. ft. of contact area 
5 $54.00/126 sq. ft.� 5 $0.43 

Labor Price: With a crew comprising 0.3 
carpenter foreman and 2 carpenters, the expected 
productivity to set up and take down shoring 
frames is 4 frames per hour.
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$

Crew Cost: 0.3 Carpentry Foreman $55.00/hour 5 16.50

2.0 Carpenters $50.00/hour 5100.00

 116.50 

Estimated cost for 8 frames 5 (116.50/4) 3 8 5 233.00

Labor Cost per sq. ft. of contact 

area 5 $233.00/126 sq.ft. 51.85/sq. ft.

5 54.00
Rental cost 5 8 frames 3 9 workdays 3 (16.50>22)

form ties 5 2.00 3 0.095 ties>sq. ft. 

5 $0.19 

5 $0.10

 5 $0.29

Reinforcing Steel

Reinforcing steel for concrete includes welded wire mesh 
and reinforcing bars. Welded wire mesh is purchased in 
mats or rolls delivered to site for placing, so there are two 
costs associated with mesh: the supply cost, including 
delivery to site, and the labor cost for installation. The 
cost of supplying and placing reinforcing steel bars 
on a project has a number of additional constituents, 
including:

	1.	 The cost of rebar shop drawings

	2.	 The cost of the raw steel bars

	3.	 The cost of handling, cutting, bending, and 
identifying (tagging) rebar in the fabrication shop

	4.	 The cost of transporting the bars to the site

	5.	 The cost of spacers, chairs, saddles, and ties used in 
the installation of rebar

	6.	 The labor cost of installation 

Usually, costs 1 through 4 are included in the prices 
obtained from subcontractors who offer to supply rebar 
“cut, bent and tagged” to the site in accordance with 
the specifications. The general contractor completes 
the reinforcing steel pricing by adding an amount to 
the supply price for the installation materials (cost 5) 
and by estimating the labor cost for the installation of 
rebar (cost 6). In some cases, subcontractor prices for 
the rebar installation are available, which can simplify 
the task of the contractor’s estimator. Alternatively, the 
estimator can make a detailed analysis of the installation 
cost as outlined in the following section.

Reinforcing Steel—Installation Productivity

In addition to the general job factors and labor and 
management factors discussed in Chapter 8, the 
productivity of labor installing reinforcing steel bars is 
affected by the following factors:

	1.	 The size and lengths of the reinforcing bars

	2.	 The shapes of the bars

	3.	 The complexity of the concrete design

	4.	 The amount of tolerance allowed in the spacing of 
bars

	5.	 The amount of tying required 

Generally less time will be required to install 
a ton of large-sized bars than a ton of small bars, so 
productivity should be higher when installing the large-
sized bars.

Where bars are bent into complicated shapes or bars 
have to be laid in elaborate configurations, extra time 
spent sorting out the bars and interpreting requirements 
will add to the cost of the installation process.

Having to work to small tolerances will hinder 
productivity, and where the amount of tying is increased 
because the number of bar intersections is more than 
usual, the rate of labor output will again be reduced.

Figure 11.6 indicates expected labor productivity 
rates for the installation of reinforcing steel.

Miscellaneous Concrete Work Items

There are a number of items of work that are associated 
with concreting operations but not covered in the 
preceding concrete, formwork, and reinforcing steel 
sections. These items include such work as concrete 
finishes, grouting, and installing accessories like anchor 
bolts and waterstops that are required to be embedded 
in concrete. See Figure 11.7 for the labor productivity 
rates of a sample of miscellaneous concrete work items.

Pricing Miscellaneous Concrete Materials

The first thing that needs to be considered before an 
item can be priced is the question of what materials are 
required for that item. Although this question appears 
to be quite trivial, in some cases it is not clear exactly 
what materials are required and a decision has to be 
made before the estimator can proceed. The item of 
setting slab screed is an example. Screeds are set in the 
process of preparing for placing concrete in slabs; their 
function is to provide a means of obtaining the required 
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1. STEEL BAR REINFORCING

CREW: � 1 Foreman 
5 Rodmen

	 Bar Size
Item	 Operation	 #3 to #6	 #7 and Over

  1.	� Footings	 0.39–0.40    tons/hr.	 0.42–0.68    tons/hr.
  2.	 Walls	 0.56–0.57    tons/hr.	 0.58–0.75    tons/hr.
  3.	� Columns	 0.28–0.29    tons/hr.	 0.30–0.43    tons/hr.
  4.	 Beams	 0.30–0.31    tons/hr.	 0.32–0.51    tons/hr.
  5.	 Suspended Slabs	 0.54–0.55    tons/hr.	 0.56–0.75    tons/hr.
  6.	� Slabs-on-Grade	 0.43–0.44    tons/hr.	 0.43–0.72    tons/hr.

	 Metric Bar Size
Item	 Operation	 10 M to 20 M	 25 M and Over

  1.	 Footings	 0.35–0.36    tonnes/hr.	 0.38–0.62    tonnes/hr.
  2.	 Walls	 0.51–0.52    tonnes/hr.	 0.53–0.68    tonnes/hr.
  3.	 Columns	 0.25–0.26    tonnes/hr.	 0.27–0.39    tonnes/hr.
  4.	 Beams	 0.27–0.28    tonnes/hr.	 0.29–0.46    tonnes/hr.
  5.	� Suspended Slabs	 0.49–0.50    tonnes/hr.	 0.51–0.68    tonnes/hr.
  6.	 Slabs-on-Grade	 0.39–0.40    tonnes/hr.	 0.39–0.65    tonnes/hr.

2. WIRE MESH REINFORCING

	 CREW:	 1 Foreman 
		  3 Laborers

	 Outputs
Item	 Size of Mesh	 Small Areas	 Large Areas

  1.	� 6 3 6–10/10	 800 sq. ft./hr.	 1480 sq. ft./hr.
  2.	� 6 3 6–8/8	 750 sq. ft./hr.	 1370 sq. ft./hr.
  3.	� 6 3 6–6/6	 680 sq. ft./hr.	 1260 sq. ft./hr.
  4.	 6 3 6–4/4	 630 sq. ft./hr.	 1160 sq. ft./hr.
  5.	� 4 3 4–10/10	 720 sq. ft./hr.	 1330 sq. ft./hr.
  6.	 4 3 4–8/8	 660 sq. ft./hr.	 1200 sq. ft./hr.
  7.	 4 3 4–6/6	 600 sq. ft./hr.	 1100 sq. ft./hr.
  8.	 4 3 4–4/4	 540 sq. ft./hr.	 1000 sq. ft./hr.

	 Outputs (Metric Units)
Item	 Size of Mesh	 Small Areas	 Large Areas

  1.	 150 3 150–W1.4 3 W1.4	 74 m2/hr.	 137 m2/hr.
  2.	� 150 3 150–W2.1 3 W2.1	 70 m2/hr.	 127 m2/hr.
  3.	� 150 3 150–W2.9 3 W2.9	 63 m2/hr.	 117 m2/hr.
  4.	 150 3 150–W4.0 3 W4.0	 59 m2/hr.	 108 m2/hr.
  5.	� 100 3 100–W1.4 3 W1.4	 67 m2/hr.	 124 m2/hr.
  6.	� 100 3 100–W2.1 3 W2.1	 61 m2/hr.	 111 m2/hr.
  7.	� 100 3 100–W2.9 3 W2.9	 56 m2/hr.	 102 m2/hr.
  8.	� 100 3 100–W4.0 3 W4.0	 50 m2/hr.	   93 m2/hr.

Figure 11.6  �Reinforcing Steel Productivities (Delmar/Cengage Learning)
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elevations in the top surface of the slab. Slabs often 
have to provide a slope so that any spills on the surface 
of the slab flow to drains, for instance. A number of 
materials can be used for screeds including lumber, 
steel “T-bar,” or steel pipes, together with a variety of 
adjustable support bases.

Most contractors tend to use the same screed 
system on all their jobs so the estimator may be able 
to obtain cost information from a previous job and 
use it to price the next job. However, if a new system 
is to be implemented, the estimator may have to get 
information about the price and method of use of the 
proposed system so that a detailed estimate of its cost 
can be prepared.

After the estimator has established what materials 
are required for an item, he or she usually proceeds 
to obtain prices for the supply of these materials. 
The next problem that often arises is that the prices 
received are for units of measurement that are 
different from the takeoff units. Curing compound 
to be sprayed on concrete slabs, for example, might 
be quoted as a price per gallon (per 5-gallon or per 
40-gallon container), but the takeoff unit is square 
feet of area to be cured. See Figure 11.8 for prices 
and conversion factors of miscellaneous concrete 
materials. Note that these conversion factors can vary 
according to packaging sizes and different rates of 
application.

	 CREWS	 CREW MEMBERS

	 CREW A	 0.3 Carp. Foreman 
		  2.0 Carpenters

	 CREW B	 0.3 Foreman 
		  2.0 Laborers

	 CREW C	 0.3 Foreman 
		  2.0 Cement Finishers

ITEM	 OPERATION	 CREW	 OUTPUT

    1.	� Set Screeds	 A	 1350–2000 sq. ft./hr.	 125–186 m2/hr.

    2.	 Curing Slabs	 B	 1000–1200 sq. ft./hr.	   93–111 m2/hr.

    3.	 Finish Slabs�—Screed	 C	   200–250 sq. ft./hr.	   19–23 m2/hr.
	    —Float	 C	   160–200 sq. ft./hr.	   15–19 m2/hr.
	    —Broom	 C	   155–185 sq. ft./hr.	   14–17 m2/hr.
	    —Steel Trowel	 C	   140–180 sq. ft./hr.	   13–17 m2/hr.

    4.	 Floor Hardener	 C	   140–210 sq. ft./hr.	   13–20 m2/hr.

    5.	 Rub Finish Walls	 C	     70–110 sq. ft./hr.	     7–10 m2/hr.

    6.	 Grout Base Plates	 C	  0.90–1.67 hr./cu. ft.	   35–59 hr./m3

    7.	� Install Anchor Bolts��—1⁄2" to 3⁄4"	 A	   100–180 no./hr.	 100–180 no./hr.
	    —over 3⁄4"	 A	     24–120 no./hr.	   24–120 no./hr.

    8.	 Waterstops�—6" Wide	 A	     36–38 ft./hr.	   11–12 m/hr.
	      —9" Wide	 A	     33–35 ft./hr	   10–11 m/hr.

    9.	 Install Anchor Slot	 A	     88–114 ft./hr.	   27–35 m/hr.

  10.	 Rigid Insulation to Walls�—1"	 B	   200–250 sq. ft./hr.	   19–23 m2/hr.
	    —2"	 B	   180–225 sq. ft./hr.	   17–21 m2/hr.

  11.	� Sprayed Damp-Proofing�—1 Coat	 B	   200–220 sq. ft./hr.	   19–20 m2/hr.
	    —2 Coat	 B	   120–140 sq. ft./hr.	   11–13 m2/hr.

  12.	� 6 Mil Polyethylene Vapor Barrier	 B	   900–1000 sq. ft./hr.	   84–93 m2/hr.

  13.	� 1⁄2" 3 6" Expansion Joint Filler	 A	     80–100 ft./hr.	   24–30 m/hr.

Figure 11.7  �Miscellaneous Concrete Work Productivities (Delmar/Cengage Learning)
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     MISCELLANEOUS CONCRETE MATERIAL PRICES

SAMPLE CONVERSION UNIT
ITEM           MATERIAL PRICE FACTOR PRICE

1.  Curing Compound  $180.00/ 5Gals. 200 - 400 sq.ft/Gal.  $0.09 - $0.18/sq.ft

in metric units  $180.00/ 5Gals. 18.5 - 37 m2/Gal $0.97 - $1.95/m2

2.  Non-Shrink Grout  $27.00/Bag  5 Bags/cu.ft $135.00/cu.ft

in metric units  $27.00/Bag 176.5 Bags/m3 $4,766.00/m3

3.  Waterstop – 3/8" × 6"  $240.00/ Roll 48 ft./Roll $5.00/ft.
in metric units  $240.00/ Roll 14.6 m/Roll $16.44/m
– 3/8" × 9"  $375.00/Roll 48 ft./Roll $7.81/ft.
in metric units  $375.00/Roll 14.6 m/Roll $25.68/m

4.  Rigid Insulation – 1" $10.50/Sheet 16 sq.ft/Sheet $0.66/sq.ft

in metric units $10.50/Sheet 1.5 m2/Sheet $7.00/m2

 (SM Styrofoam) – 2" $20.50/Sheet 16 sq.ft/Sheet $1.28/sq.ft

in metric units $20.50/Sheet 1.5 m2/Sheet $13.67/m2

5.  Sprayed Damp-Proofing $5.00/Gal.   20 - 40 sq.ft/Gal. $0.12 - $0.25/sq.ft

in metric units $5.00/Gal. 1.85 - 3.70 m2/Gal $1.35 - $2.70/m2

6.  6Mil Polyethylene $100.00/Roll 2000 sq.ft/Roll $0.05/sq.ft

in metric units $100.00/Roll 186 m2/Roll $0.54/m2

7.  Floor Hardener $65.00/Bag 50 lb/Bag $1.30/lb
in metric units $65.00/Bag 22.7 kg/Bag $2.86/kg

8.  1/2" × 6" Expansion Joint Filler $18.00/Piece 16 ft./Piece $1.25/ft.
in metric units $18.00/Piece 4.9 m/Piece $3.67/m

Figure 11.8  Miscellaneous Concrete Material Prices (Delmar/Cengage Learning)

Wage Rates

The wage rates of workers in the following examples 
are:

Basic Hourly Wage		     $

Equipment operator		  54.00

Labor foreman			   44.00

Laborer				   40.00

Cement finisher			  42.50

Carpentry foreman		  55.00

Carpenter			   50.00

Rebar rodman			   56.00 

Concrete Work Recap and Pricing 
Notes Example 1: House

Concrete Work Figure 11.9

	1.	 It is recommended that each trade be recapped 
onto a separate page as in the example because this 
allows extra items to be more easily inserted and 
provides space to make notes on the pricing for that 
trade.

	2.	 On the Concrete Work Recap, the three items of 
concrete from the takeoff are listed, and against 
these the labor and equipment prices are entered. 
Below, the concrete materials required for these 
items are listed for pricing separately.
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PRICING SHEET SHEET No.  2 of 10

JOB:    House Exampl De ATE:

ESTIMATED: DJP

UNIT UNIT UNIT
No.  DESCRIPTION   QUANTITY UNIT PRICE LABOR PRICE MATERIALS PRICE EQUIP SUBS TOTAL

   $    $    $    $    $    $    $    $

CONCRETE WORK

1 Footings 7 CY 35.21 246  ---  ---  ---  ---  --- 246

2 Walls 26 CY 34.05 885  ---  --- 17.31 450  --- 1,335

3 Slab-on-Grade 12 CY 20.54 246  ---  ---  ---  ---  --- 246

MATERIALS

4 3000# Concrete Type V with air 35 CY  ---  --- 132.00 4,620  ---  ---  --- 4,620

5 3000# Concrete Type I with air 13 CY  ---  --- 127.00 1,651  ---  ---  --- 1,651

6 Extra for Winter Heat 48 CY  ---  --- 12.00 576  ---  ---  --- 576

 TOTAL CONCRETE WORK TO SUMMARY: 1,378 6,847 450 0 8,675

Figure 11.9  �House Example—Pricing Concrete Work (Delmar/Cengage Learning)

	3.	 The footings and the slab-on-grade concrete are 
to be placed by chute directly from the concrete 
trucks, so Crew A is selected from Figure 11.1 at 
the following price per hour:

Labor

Concrete Crew A $

1 Labor Foreman $44.00/hr. 5   44.00

4 Laborers $40.00/hr. 5 160.00

1 Cement Finisher $42.50/hr. 5   42.50

246.50/hr.

	 4.	 A full hour from this crew will probably be needed 
to place the 7 cu. yd. in the footings and to place the  
12 cu. yd. in the slab-on-grade, so the unit prices will be:

Labor

$

Footings: Crew A $246.50/7 5 $35.21/cu. yd.

Slab-on-grade: Crew A $246.50/12 5 $20.54/cu. yd.

	 5.	 The walls are to be placed using a concrete pump, so 
crew B will be used at the following price per hour:
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Labor 

Concrete Crew B $ 

1 Labor Foreman $44.00/hour 5 44.00 

5 Laborers $40.00/hour 5 200.00 

1 Cement Finisher $42.50/hour 5 42.50 

1 Equipment Operator $54.00/hour 5 54.00 

340.50/hour

	6.	 The rental price of the concrete pump is $150.00 
per hour. If the 26 cu. yds. are to be placed in the 
walls at the rate of 10 cu. yd./hr., this pump will be 
needed for about 3 hours. Using this rate of output, 
the unit prices will be:

Labor Equip.

$ $

Pump 3 hours 

@ $150.00 5 �$450.00/26 	
cu. yd.

5       — 17.31

Crew B 5 �$340.50/10 	
cu. yd. per hr.

5 34.05 — 

Unit Prices for 	
Concrete Walls:

34.05/cu. yd. 17.31/cu. yd.

	7.	 The concrete in contact with soil, footing, and wall 
concrete is required to be sulfate resisting and also 
to be air entrained, so this is priced separately from 
the slab-on-grade concrete.

	8.	 Concrete material quantities were increased by 5% 
to allow for wastage, and prices are taken from the 
sample quote shown in Figure 11.2.

Formwork Figure 11.10

	9.	 On the formwork recap, a materials price and a 
labor price will be entered against each item and 
15% will be added to the total materials price to 
allow for rough hardware in the last item. A num-
ber of hand tools will also be used for this work; 
the cost of these tools is included on the general 
expenses under the item “Small Tools.”

10.	 Figure 11.3 indicates that with a formwork crew A,  
the productivity forming footings should be 
between 115 and 150 sq. ft./hr. In this case, the 
quantity involved is small so the productivity will 
not be high, so a rate of 120 sq. ft./hr. is adopted. 
This translates into the following unit price:

Labor 

Formwork Crew A $ 

1 Carpenter Foreman $55.00/hr. 5 55.00 

6 Carpenters $50.00/hr. 5 300.00 

2 laborers $40.00/hr. 5   80.00 

435.00/hour

Unit price for continuous (strip) 
footings

5 $435.00/120 

Labor price: 5 $3.63/sq. ft.

11.	 Forming keyways uses crew B and should be at a 
rate of 150 ft./hr.:

 Labor 

Formwork Crew B $

0.3 Carpenter Foreman $55.00/hr. 5 16.50 

2 Carpenters $50.00/hr. 5 100.00 

$116.50/hour

Unit Price for keyway to footings 5 $116.50/150

Labor Price: 5 $0.78/ft.

12. 	Forming a small area of pad footings would be at a 
low rate of productivity; but straight forward wall 
forms would be at an average productivity rate:

Unit price for pad footings 5 $435.00/95 

Labor price: 5 $4.58/sq. ft.

Unit price for walls 5 $435.00/100

Labor price: 5 $4.35/sq. ft.

13.	Generally the form materials prices used are 
based on past records of the contractor using his 
or her own forms except for walls. Wall forms are 
assumed to be rented in 2'0" 3 8'0" panels for the 
price of $6.40 per panel. This price includes the 
cost of walers and accessories for securing snap ties. 
This gives the following unit price:

 Rental of panels: 5
$6.40

16 sq. ft.
 5 $0.40

Add for waste and repairs: 5%	 5 $0.02
Materials price:� 5 $0.42>sq.ft.

14.	Because there is such a small area of bulkheads 
in this example, a crew B is thought to be more 
appropriate at a rate of about 6 sq. ft./hr.:

Unit Price for Forming Bulkheads 5  $116.50/6 
Labor price:	                                  5  $19.42/sq. ft.
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15. 	Crew C is used for stripping forms: a high 
productivity rate should be attained on a simple job 
such as this:

Labor 

Formwork Crew C $

1 Labor Foreman $44.00/hour 5 44.00

1 Carpenter $50.00/hour 5 50.00 

6 Laborers $40.00/hour 5 240.00

$334.00/hour

Unit Price for Stripping Forms: 5 $334.00/350

Labor Price: 5 $0.95/sq. ft.

Miscellaneous Work Figure 11.11

16.	With a rebar crew consisting of 1 foreman and 
5 rodmen, the output shown in Figure 11.6 is 
between 780 and 800 lbs/hr. installing #5 bars 
in footings. But, because the quantity is so small, 
an even lower output is expected, so a rate of  
680 lbs/hr. is used:

Labor 

Rebar Crew $

1 Foreman $61.50/hr. 5 61.50

5 rodmen $56.00/hr. 5 280.00

$341.50/hour

Unit Price for Rebar to Footings: 5 $341.50/680Ibs

Labor Price: 5 $0.50/Ib

	17.	The unit rate for installing rebar in walls is expected 
to be the same as in footings.

18.	The quote to supply reinforcing steel is $900.00 per 
ton, “cut bent, and tagged,” then the price per lb

5 $  950.00

2000 lb

5 0.48/lb

Add for waste 10% 5       0.05 

Rebar material price:        0.53/lb

19.	The trowel finish requires the rental of a power 
trowel at $60.00 per day. From Figure 11.7, crew 
C should be able to finish the slab-on-grade at the 
rate of at least 140 sq. ft./hour:

Time to finish slab:	 5 991 sq. ft.>140

		  5 7.08 hr.

So, the trowel is  
required for one day:	 5  $60.00>991 sq. ft.

Equipment price:	 5  $0.06>sq. ft.

Labor 

Miscellaneous Crew C $ 

0.3 Labor Foreman $44.00/hr. 5 13.20 

2 Cement Finishers $42.50/hr. 5        85.00 

$        98.20/hour

Unit Price for Trowel Finish: 5 $ 98.20/140 sq. ft. 

Labor Price: 5 $0.70 /sq. ft.

20.	The miscellaneous materials prices are based on 
quotes and conversion to appropriate unit rates as 
per Figure 11.8.

21. 	Setting screeds uses a crew A with an output of 
1350 sq. ft per hour:

Labor 

Miscellaneous Crew A $ 

0.3 Carpenter 
Foreman

$55.00/hr. 5 16.50 

2 Carpenters $50.00/hr. 5          100.00 

$          116.50 /hour

Unit Price for Setting Screeds: 5 $ 116.50/1350 sq. ft. 

Labor Price: 5 $0.09 /sq. ft.

22. 	Curing Slabs uses a crew B with an output of 1000 
sq. ft per hour:

Labor 

Miscellaneous Crew B $ 

0.3 Labor Foreman $44.00/hr 5 13.20 

2 Laborers $40.00/hr. 5          80.00 

$         93.20 /hour

Unit Price for Curing Slabs: 5 $93.20/1000 sq. ft. 

Labor Price: 5 $0.09 /sq. ft.

23. 	Crew B is used to instal vapor barrier at the rate of 
1000 sq. ft. per hour.

Unit Price for Vapor Barrier: 5 $93.20/1000 sq. ft. 

Labor Price: 5 $0.09 /sq. ft.
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24. 	The rebar crew is used for installing welded wire 
mesh and their productivity for this small area 
should be about 800 sq. ft. per hour:

Unit Price for 8 3 8  
2.1/2.1 WWM: 5 $341.50/800 sq. ft.

Labor Price: 5 $0.43 /sq. ft.

25. 	Crew A can set anchor bolts at a rate of 100 bolts 
per hour:

Unit Price Installing Anchor 
Bolts: 5 $116.50/100 No. 

Labor Price: 5 $1.17/No.

26.	Note that no sales tax has been added to materials 
prices at this stage; taxes will be included on  
the estimate summary sheet as an add-on. See 
Chapter 15.

Concrete Work Pricing Notes  
Example 2: Office/Warehouse 
Building

	1.	 Figure 11.12 shows the pricing sheets for formwork, 
concrete work, and miscellaneous concrete work 
based on the following prices.

	2.	 Labor crews used for concrete work, formwork, 
and miscellaneous work:

Labor 

Formwork Crew A (FA)

1 Carpenter Foreman $55.00/hr. 5 $  55.00

6 Carpenters $50.00/hr. 5 $300.00

2 laborers $40.00/hr. 5 $  80.00

$ 435.00/hr.

Formwork Crew B (FB)

0.3 Carpenter Foreman $55.00/hr. 5 $  16.50

2 Carpenters $50.00/hr. 5 $100.00

$116.50/hr.

Formwork Crew C (FC)

1 Labor Foreman $44.00/hr. 5 $  44.00

1 Carpenter $50.00/hr. 5 $  50.00

6 Laborers $40.00/hr. 5 $240.00

$334.00/hr.

Reinforcing Crew A (RA)

1 Foreman $61.50/hr. 5 $  61.50

5 rodmen $56.00/hr. 5 $280.00

$341.50/hr.

Reinforcing Crew B (RB)

1 Labor Foreman $44.00/hr. 5 $  44.00

3 Laborers $40.00/hr. 5 $120.00

$164.00/hr.

Concrete Crew A (CA)

1 Labor Foreman $44.00/hr. 5 $  44.00

4 Laborers $40.00/hr. 5 $160.00

1 Cement Finisher $42.50/hr. 5 $  42.50

$246.50/hr.

Concrete Crew B (CB)

1 Labor Foreman $44.00/hr. 5 $  44.00

5 Laborers $40.00/hr. 5 $200.00

1 Cement Finisher $42.50/hr. 5 $  42.50

1 Equipment Operator $54.00/hr. 5 $  54.00

$340.50/hr.

Concrete Crew D CD)

0.5 Labor Foreman $44.00/hr. 5 $  22.00

1 Laborers $40.00/hr. 5 $  40.00

2 Cement Finisher $42.50/hr. 5 $  85.00

$147.00/hr.

Miscellaneous Crew A (MA)

0.3 Carpenter Foreman $55.00/hr. 5 $  16.50

2 Carpenters $50.00/hr. 5 $100.00

$116.50/hr.

Miscellaneous Crew B (MB)

0.3 Labor Foreman $44.00/hr. 5 $  13.20

2 Laborers $40.00/hr. 5 $  80.00

$93.20/hr.

Miscellaneous Crew C (MC)

0.3 Labor Foreman $44.00/hr. 5 $  13.20

2 Cement Finishers $42.50/hr. 5 $  85.00

$  98.20/hr.
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Item Crew Productivity Labor price 

Form Pad Ftgs. & Pile Caps: FA $435.00/100 sq. ft. 5 $4.35/sq. ft.

Form Continuous Footings: FA $435.00/130 sq. ft. 5 $3.35/sq. ft.

2 3 4 Keyway: FB $116.50/160 ft. 5 $0.73/ft.

Form Walls: FA $435.00/105 sq. ft. 5 $4.14/sq. ft.

Form Pilasters/Pedestals: FA $435.00/70 sq. ft. 5 $6.21/sq. ft.

Form Grade Beams: FA $435.00/120 sq. ft. 5 $3.63/sq. ft.

4 3 8 Void Forms: FB $116.50/160 ft. 5 $0.73/ft.

Form Edges of Slab-on-Grade: FA $435.00/90 sq. ft. 5 $4.83/sq. ft.

Form Edges of Slab on Metal Deck: FA $435.00/50 sq. ft. 5 $8.70/sq. ft.

Form Curbs and Sidewalks: FA $435.00/90 sq. ft. 5 $4.83/sq. ft.

Stripping Forms: FC $334.00/300 sq. ft. 5 $1.11/sq. ft.

Conc. Pile Caps/Pad Footings: CA $246.50/4 cu. yd. 5 $61.63/cu. yd.

Conc. Continuous Footings: CA $246.50/10 cu. yd. 5 $24.65/cu. yd.

Conc.Walls: CB $340.50/10 cu. yd. 5 $34.05/cu. yd.

Conc. Pedestals: CA $246.50/4 cu. yd. 5 $61.63/cu. yd.

Grout Base Plates: MC $98.20/0.60 cu. ft. 5 $163.67/cu. ft.

Conc. Grade Beams: CB $340.50/15 cu. yd. 5 $22.70/cu. yd.

Conc. Slab-on-Grade: CB $340.50/20 cu. yd. 5 $17.03/cu. yd.

Conc. Suspended Slabs: CB $340.50/18 cu. yd. 5 $18.92/cu. yd.

Conc. Sidewalks/Curbs: CB $340.50/20 cu. yd. 5 $17.03/cu. yd.

Conc. Stair Treads: CD $147.00/0.28 cu. yd. 5 $525.00/cu. yd.

Install 3/4" Anchor Bolts: MA $116.50/100 No. 5 $1.17/No.

Install 1" Anchor Bolts: MA $116.50/60 No. 5 $1.94/No.

2" Rigid Insulation: MB $93.20/200 sq. ft. 5 $0.47/sq. ft.

Trowel Finish Slabs: MC $98.20/160 sq. ft. 5 $0.61/sq. ft.

6 3 6 1.4/1.4 WWM: RB $164.00/1200 sq. ft. 5 $0.14/sq. ft.

6 3 6 2.9/2.9 WWM: RB $164.00/970 sq. ft. 5 $0.17/sq. ft.

Slab Screeds MA $116.50/1500 sq. ft. 5 $0.08/sq. ft.

Curing Slabs: MB $93.20/1200 sq. ft. 5 $0.08/sq. ft.

6mil Ply Vapor Barrier MB $93.20/1200 sq. ft. 5 $0.08/sq. ft.

Applying Floor Hardener: MC $98.20/150 sq. ft. 5 $0.65/sq. ft.

½" 3 6" Expansion Joint: MA $116.50/90 ft. 5 $1.29/ft.

Trowel Finish Stairs MC $98.20/80 sq. ft. 5 $1.23/sq. ft.

Finish top of Curb MC $98.20/300 ft. 5 $0.33/ft.

Broom Finish Sidewalks MC $98.20/160 sq. ft. 5 $0.61/sq. ft.

	3.	   Labor unit prices:
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220	 CHAPTER 11    PRICING CONCRETE WORK

	4.	 Concrete material prices are based on the quote 
shown in Figure 11.2.

	5.	 The equipment price for the concrete pump is based 
on renting a pump for $150.00 per hour that, 
together with the placing productivities, gives the 
following prices:

Conc. 
Pumping—Walls $150.00/10 cu. yd. $15.00/cu. yd.

Conc. Pumping—
Grade Beams $150.00/15 cu. yd. $10.00/cu. yd.

Conc. Pumping—
Slab-on-Grade $150.00/20 cu. yd. $  7.50/cu. yd.

Conc.  
Pumping—Side-
walks and Curbs $150.00/20 cu. yd $  7.50/cu. yd.

	6.	 Form material prices are obtained from previ-
ous records and can be calculated in the manner 
described in Figure 11.4.

	7.	 Sales tax on materials will be included on the sum-
mary sheet as an add-on. See Chapter 15.

	8.	 Miscellaneous material prices:

6 3 6 3 1.4/1.4 WWM $14.00/100 sq. ft. $0.14/sq. ft.

6 3 6 3 2.9/2.9 WWM $24.00/100 sq. ft. $0.24/sq. ft.

Nonmetallic hardener 
(1 lb per sq. ft.) $0.36/lb $0.36/sq. ft.

SUMMARY

�	 This chapter concerns the pricing of concrete work 
that includes four main categories:

1.	 Supplying and placing concrete

2.	 Construction and removal of formwork

3.	 Supplying and placing reinforcing steel

4.	 Miscellaneous items associated with concrete 
work 

�� The productivity of crews placing concrete is influ-
enced by the following factors:

 Job Factors

1.	 Methods of placing concrete

2.	 Rate of delivery of ready-mix concrete

3.	 Properties of the concrete placed

4.	 Size and shape of concrete structures

5.	 Amount of rebar in the forms 

 Labor and Management Factors

1.	 Quality of supervision

2.	 Quality of job labor

3.	 Motivation and morale of workers

4.	 Type and quality of tools and equipment

5.	 Experience and records of similar past projects 
�� Concrete can be placed using a number of different 

methods:

1.	 “Pouring” direct from mixing trucks by means 
of chutes

2.	 Using hand-operated or powered buggies

3.	 Using crane and bucket setup

4.	 Using concrete pumps

5.	 Using conveyors

6.	 Using a combination of two or more of these 
methods 

�� The cost of supplying concrete includes the cost of 
the ingredients plus the cost of mixing and trans-
porting the mixture to the site. The basic price 
offered by ready-mix concrete suppliers generally 
covers these components and goes on to quote prices 
for a number of possible other requirements such as 
air entrainment and sulphate-resisting concrete.

�� An allowance for waste and spillage of concrete is 
added as a waste factor to concrete takeoff quantities.

�� There are a number of different costs to consider 
when pricing a formwork system:

1.	 Cost of building the system (fabrication)

2.	 Cost of setting up the system each time it is used

3.	 Cost of removing the system after concrete is 
placed (stripping)

4.	 Other possible costs including transportation 
and storage expenses 

�� The factors that affect the productivity of crews fab-
ricating and erecting formwork systems include the 
same general job factor and labor and management 
factors previously discussed plus the following:

1.	 Potential for reuse of a system

2.	 Complexity of form design

3.	 Use of fly forms (gang forms)

4.	 Number of form ties required for a system 
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�� The cost of materials used in a formwork system 
would include the rental or purchase cost of all 
the components involved in its construction except 
for form ties and other hardware items, which are 
priced separately.

�� Reinforcing steel for concrete includes welded wire 
mesh and reinforcing bars. Welded wire mesh is 
purchased in mats or rolls delivered to the site for 
placing, so there are two costs associated with mesh: 
the supply cost, including delivery to the site, and 
the labor cost for installation. The cost of supplying 
and placing reinforcing steel bars on a project has a 
number of additional constituents, including:

1.	 The cost of rebar shop drawings

2.	 The cost of the raw steel bars

3.	 The cost of handling, cutting, bending, and iden-
tifying (tagging) rebar in the fabrication shop

4.	 The cost of transporting the bars to the site

5.	 The cost of spacers, chairs, saddles, and ties used 
in the installation of rebar

6.	 The labor cost of installation
�� In addition to the general job factors and labor 

and management factors discussed in Chapter 8, 
the productivity of labor installing reinforcing steel 
bars is affected by the following factors:

1.	 The size and lengths of the reinforcing bars

2.	 The shapes of the bars

3.	 The complexity of the concrete design

4.	 The amount of tolerance allowed in the spacing 
of bars

5.	 The amount of tying required 
�� There are a number of items of work that are 

associated with concreting operations but not cov-
ered in the specific concrete, formwork, and rein-
forcing steel sections in this chapter. These items 
include such work as concrete finishes, grouting, 
and installing accessories like anchor bolts and 
waterstops that are required to be embedded in 
concrete. 

 REVIEW QUESTIONS

	 1.	 In what circumstances would a contractor consider 
setting up a concrete batch plant at the site of the 
work?

	 2.	List five job factors that are specific to concrete 
work and should be considered whenever this type 
of work is priced.

	 3.	What are demurrage charges sometimes imposed 
by concrete suppliers?

	 4.	Discuss the impact of superplasticizers on the cost 
of placing concrete.

	 5.	What cost advantages may be obtained from the 
use of fiber-reinforced concrete?

	 6.	What are the dangers of using suppliers’ current 
price lists to price concrete materials in an estimate?

	 7.	Using the concrete price quotation shown in Figure 
11.2, calculate the full price of 4500 psi concrete 
with type III cement, 1⁄2" aggregate, and air entrain-
ment to be delivered to the site in December.

	 8.	List four job factors that are specific to formwork and 
should be considered whenever formwork is priced.

		 Note: For questions 9 through 14, use the wage 
rates listed on page 256 under the section titled 
“Wage Rates.”

	 9.	Calculate the cost per cubic yard to place concrete 
using each of the alternatives described. The work 
in both cases consists of placing 140 cubic yards of 
concrete in footings.

a.	 Using a crane and bucket at a price of $225 per 
hour, including an operator, with a crew consisting 
of 6 laborers, a cement finisher, and a foreman. 
The concrete will be placed in 7 hours using this 
setup, and transportation of the crane costs $390.

b.	Using a concrete pump at a price of $295 per 
hour, including an operator and a crew consisting 
of 5 laborers, a cement finisher, and a foreman. 
With this setup, concrete is placed in 6 hours and 
transportation of the pump costs $290.

	10.	Calculate a labor price for placing concrete in col-
umns where the columns are slender and widely 
spaced and, so, the productivity expected is low.

a.	 Using a concrete pump

b.	Using a crane and bucket 

	11.	Calculate a labor price per cubic yard for placing 
concrete in sidewalks where the material can be 
deposited directly from the mixer truck and high 
productivity is expected.

	12.	Calculate a labor price per square foot for forming 
the sides of large-sized sumps where a medium pro-
ductivity is expected.

	13.	Calculate a labor price per square foot for placing  
4 3 4 3 10/10 mesh reinforcement in medium-sized 
areas.

	14.	Calculate a labor price for installing 1" diameter 
anchor bolts when a low productivity is expected. 
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 CHAPTER

12

PRICING MASONRY,  
CARPENTRY, AND  
FINISHES WORK

	 OBJECTIVES

After reading this chapter and completing the review questions, you should be able to do the following:

•	 Describe the specific job factors that affect the 
price of masonry work.

•	 Explain what influences the material price of 
masonry bricks and blocks.

•	 Describe the specific job factors that affect the 
price of rough carpentry work.

•	 Explain what influences the material price of 
lumber.

•	 Describe how finish carpentry is priced.
•	 Describe how interior and exterior finishes are 

priced.
•	 Complete the recap and pricing of masonry 

work, rough carpentry, finish carpentry, and 
interior and exterior finishes using manual 
methods.

•	 Use Excel spreadsheets to price masonry work.  

Introduction

In this chapter, we will consider the process of pricing 
masonry work, rough carpentry work, finish carpentry 
work, and interior and exterior finishes.

Although much of this work is subcontracted to 
specialist subtrades these days, some contractors still 
like to use their own forces to perform part, if not all, 
of the work of these trades. Also, some of the special-
ized companies engaged in this work have a somewhat 
questionable reliability record. It is not uncommon to 
receive subtrade prices that are clearly in error—either 
too high or too low—and on more than one occasion 
an estimator has been left having to prepare a hasty esti-
mate because subtrades have failed to deliver the prices 
they promised. So, the general contractor’s estimator 

should remain acquainted with estimating these trades 
so that he or she can at least be able to put together a 
check price when required.

This section may also be of interest to subtrade 
estimators who normally do not estimate the labor 
cost of work in as much detail as shown herein. For 
instance, in the residential industry especially, a sub-
contractor will offer to perform carpentry framing 
work at a price per square foot of building area. This 
price is normally no more than the “going rate” for 
framing and often fails to reflect the complexity or 
any other job factors associated with the specific work 
involved. The practice of quoting “the going rate” like 
this can be defended on the grounds that residential 
work does not vary as much as commercial construc-
tion does, and that if a higher price were quoted, it 
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would not be competitive. While these observations 
may be quite valid, the estimator who would like to 
forecast the cost of work more accurately should con-
sider using the more detailed approach described in 
this chapter.

Masonry

The cost of masonry work includes the cost of labor 
crews laying the masonry units and installing acces-
sories such as horizontal ladder reinforcing and wall 
ties; masonry materials including accessories and 
mortar; equipment used in the mixing and hoisting 
of masonry materials; and erecting and dismantling 
temporary scaffolding and work platforms required 
by the work crews. Modularization of masonry work 
has been experimented with on some projects. This 
involves factory construction of masonry panels that 
are erected at the site employing techniques that are 
similar to those used in precast concrete work. But 
this practice is not common. Instead, most masonry 
work is executed on-site in the time-honored way by 
masonry crews.

Masonry Productivity

The job factors that affect the productivity of crews 
engaged in masonry work include the general factors dis-
cussed in Chapter 8 and also a number of factors that 
are specific to masonry work, including:

	1.	 What is being built with the masonry units

	2.	 The standards of workmanship required

	3.	 The size and weight of the masonry units being 
used

	4.	 The kind of mortar being used

	5.	 The kind of bond being used

	6.	 The complexity of the design of the work

	7.	 The presence or lack of repetition in the work

	8.	 The availability of workers skilled in the masonry 
trade 

Higher outputs can be expected when constructing 
long lengths of plain walls rather than columns, pilas-
ters, and curved work.

When we discussed excavation work and concrete 
work in previous chapters, little was mentioned about 
the standard of workmanship and its influence on 
productivity. Producing good-quality work does gen-
erally take longer, but there is a certain accepted level 
of workmanship required in excavation and concreting 

operations. To come short of this standard may save 
time in the short term, but in the long run, the cost of 
necessary rework will often negate the initial savings. 
Producing a higher than required level of quality is 
also usually uneconomic. While these statements can 
also be made of masonry work, some masonry con-
struction is finishing work exposed to public view so 
more exacting standards may be demanded of this than 
would be required if the work is to be covered up. In 
consequence, where high standards are insisted on, pro-
ductivity will be lower than where less rigid standards 
would be satisfactory.

The time taken per unit is usually longer with larger 
masonry units than with smaller ones, but the time taken 
to construct 100 square feet of a certain wall should be 
less using the larger units. Where the units are the same 
size, such as a standard brick or block size, productivity 
will be lower when building with heavier units.

Using some types of mortar can reduce productiv-
ity and production rates will be lower where compli-
cated bonds or mixtures of various bonds are required 
in brickwork.

See Figure 12.1 for the productivity rates of a selec-
tion of items of masonry work.

Masonry Materials

The prices of masonry units and accessories can vary 
greatly depending on requirements. Facing bricks and 
blocks for use in exposed areas are available from 
many sources in a wide variety of types and colors, 
which provides an extensive choice to the owner over 
a wide range of prices. Masonry specifications will 
normally spell out the precise types of bricks, blocks, 
and accessories required to be used in the work, 
and the estimator, as usual, will endeavor to obtain 
firm prices for the supply of materials to meet these 
specifications.

Where specifications are vague or not provided for 
a project, the estimator can try to determine what is 
acceptable to the owner and base the price on the mate-
rials agreed on. Perhaps a better way to proceed in this 
situation is to prepare a price based on the use of cer-
tain materials defined in the bid and offer to adjust the 
price to meet the owner’s specific requirements when 
they are known.

Because supply lots do not always provide the exact 
number of bricks or blocks required, more units will 
usually be delivered to the site than can be used. This 
is accounted for by rounding up the takeoff quantities 
to the nearest supply lots or by applying a waste fac-
tor to the quantities or price of the materials. Wastage 
should also be allowed for on the quantity of mortar, 
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accessories and all other materials used in masonry 
work. The average waste factor is generally between 
5% and 15% of the total cost of masonry materials.

Rough Carpentry

Increasingly these days, rough carpentry components 
are fabricated off-site and merely assembled at the 
job site in the same way as steel construction work is 
undertaken. Nevertheless, on many projects carpenters 
working on site in a temporary setup still perform all 
the operations necessary to transform raw lumber into 
the carpentry items required for the project.

There are generally only labor and material costs 
to consider when pricing rough carpentry work. Lum-
ber or fabricated components are usually delivered to 
the site by the suppliers, and, on low-rise construction, 
most pieces are then manhandled into position. The 
use of small mobile cranes may be necessary when 
heavier items such as glue-lam beams or large trusses 
are being used. On high-rise projects the project crane, 
usually a centrally located tower crane, will normally 
hoist carpentry materials and components to where 
they are to be installed. Sometimes the use of mobile 
cranes may be required in addition to the tower crane 
for assembly of the larger-sized beams and trusses in 
situations in which the central crane cannot be used.

Labor and material prices are applied directly to the 
takeoff quantities listed on the rough carpentry recap, 
while crane and hoisting requirements are considered 

with the site overhead costs on the General Expenses 
pricing sheet.

Rough Carpentry Productivity

The job factors that specifically affect the rate of pro-
ductivity of labor fabricating and installing rough car-
pentry include:

	1.	 The nature of the carpentry components being used

	2.	 The size of cross-section and length of the pieces of 
lumber involved

	3.	 The extent to which power tools are used in the work

	4.	 The complexity of the design of the work

	5.	 The presence or lack of repetition in the work

	6.	 The extent to which components and assemblies 
are fabricated off-site 

Fabricating and installing roof components such as 
hips, valleys, ridges, and rafters require far more time 
than fabricating and installing plain joists.

The time taken to fabricate and install 1000 board 
feet of lumber of the smaller cross-sections 2 3 4 and 
2 3 6 will be greater than the time taken for the larger 
sizes because of the extra cutting and fitting required 
per board foot. More fabrication time will be required if 
lumber has to be cut into short lengths; this is required 
with some types of blocking.

Also, when short lengths of lumber are being used, 
the installation productivity per board foot will be less 
than when handling pieces of longer lengths. This last 

Figure 12.1  Masonry Work Productivities (Delmar/Cengage Learning)

CREW:	 1.0 Foreman 
		  3.0 Bricklayers 
		  2.0 Laborers

ITEM	 OPERATION	 OUTPUT

    1.	 Brickwork Backup Walls	 0.210–0.275 M units/hr.	 0.210–0.275 M units/hr.

    2.	� 4" Facing Bricks	 0.190–0.225 M units/hr.	 0.190–0.225 M units/hr.

    3.	� 8" Block Walls	 45–103 Blocks/hr.	 45–103 Blocks/hr.

    4.	� 10" Block Walls	 42–98 Blocks/hr.	 42–98 Blocks/hr.

    5. 	  12" Block Walls	 40–92 Blocks/hr.	 40–92 Blocks/hr.

    6.	� Extra Over for 8" Bond Beams	 100–150 ft/hr.	 30–46 m/hr.

    7.	� Extra Over for 10" Bond Beams	 70–110 ft/hr.	 21–34 m/hr.

    8.	� Extra Over for 12" Bond Beams	 45–80 ft/hr.	 14–24 m/hr.

    9.	� Masonry Ties	 700–800 Ties/hr.	 700–800 Ties/hr.

  10.	� Control Joint in 8" Wall	 220–300 ft./hr.	 67–91 m/hr.

  11.	 Horizontal Ladder Reinforcing	 2100–2200 ft./hr.	 640–670 m/hr.

  12.	� Loose Insulation to Blockwork	 7.0–9.0 cu. yd./hr.	 5.4–6.9 m3/hr.
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observation can be difficult for student estimators to 
accept since a longer piece of material will usually take 
longer to install than a shorter piece. The following 
example shows how the productivity in terms of board 
foot installed per hour can be lower, while, at the same 
time, the number of pieces installed per hour is higher.

Example

100 pieces of 20-foot-long 2 3 10 joists (3333 BF) 
are installed in 20 hours:

Productivity rate 5
100 pieces

20
	or: 5

3333 BF
20

 

5 5 pieces/hr     5 167 BF/hr

140 pieces of 14-foot-long 2 3 10 joists (3267 BF) 
are installed in 20 hours:

Productivity rate 5
140 
20

 	 or: 5
3267 BF

20
 

5 7 pieces/hr.      5 163 BF/hr.

Thus, when using smaller pieces of lumber, the 
number of pieces installed per hour increased 
while the amount of board feet installed per hour 
decreased. 

The use of power drills and saws is now standard 
practice in construction, but where pneumatic nailers, 
staple guns, and the like can also be used, productivity 
will be better than where these tools are not used.

Having to frame floor systems with complicated 
steps or unusual shapes will reduce productivity, as 
will dealing with irregular wall systems and roof sys-
tems that have multitudes of hips and valleys. Simple 
designs will generally always facilitate the highest rate 
of production.

Where a design is repeated or merely where the oper-
ations involved in the work are repetitive, higher pro-
ductivities can be expected. This can occur in situations 
in which the crew is installing the same kind of window 
or door a number of times in a project. Fabricating a 
large number of identical components like rafters can 
also lead to high productivity. Clearly, if each compo-
nent of carpentry has to be custom made and a machine 
such as a radial arm saw has to be set differently for each 
piece cut, the production rate will be very low.

Many of the efficiencies discussed and the reduced 
costs associated with them are more likely to be 
achieved if rough carpentry components are fabricated 
off the site in factory-like conditions. While this is the 
way most trusses are now produced, off-site fabrica-
tion is also becoming more common with items such 

as beams, joists, roof components, and even wall sys-
tems in some situations. This simplifies the estimating 
process as the only labor to consider is that required to 
assemble the components on-site.

See Figure 12.2 for the labor productivity rates of a 
selection of rough carpentry work items.

Rough Carpentry Materials

Specifications for lumber used in rough carpentry oper-
ations often define the species of lumber required and 
its use classification within that species. The grade of 
lumber required can also be specified; this is important 
where the lumber is to be used structurally.

Softwood lumber rather than hardwood is more 
commonly used for rough carpentry in most of North 
America. Species used in the construction industry 
include Douglas fir, balsam fir, Pacific Coast hemlock, 
eastern hemlock, Sitka spruce, white spruce, southern 
pine, white pine, lodgepole pine, western larch, and var-
ious cedars and redwoods. Softwood lumber is classi-
fied by use into three groups:

	1.	 Yard lumber: Lumber used for general building 
purposes.

	2.	 Structural Lumber: Lumber of at least 2'' nominal 
width that will be exposed to structural stresses.

	3.	 Factory and shop lumber: Lumber selected for 
remanufacturing use. 

Softwood lumber is also classified according to the 
extent of processing in its manufacture:

	1.	 Rough lumber: Sawn lumber that has not been 
surfaced.

	2.	 Surfaced (dressed) lumber: Lumber that has been 
surfaced by a planer to provide a smooth finish on 
one or more sides. This lumber is referred to as S1S 
if one side is dressed, S2S if two sides are dressed, 
and so on.

	3.	 Worked lumber: In addition to being surfaced, 
worked lumber has been further shaped to produce 
products such as tongue-and-groove boards. 

The size of lumber is stated in accordance with 
its nominal size, which is the dimension of the cross- 
section of the piece before it has been surfaced. 
Thus 2 3 4 size pieces were approximately 2'' 3 4'' in 
cross-section before they were surfaced but now have 
a cross-section of 11

2
'' 3 31

2
'' after the lumber is dressed. 

Softwood lumber is further classified according to its 
nominal size:

	1.	 Boards: Lumber less than 2'' in thickness and 2'' or 
more in width.
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Figure 12.2  Rough Carpentry Productivities Work (Delmar/Cengage Learning)

	2.	 Dimension: Lumber from 2'' up to, but not includ-
ing, 5'' in thickness and 2'' or more in width.

	3.	 Timber: Lumber 5'' or over in its least dimension.  

Lumber Lengths and Waste Factors
Lumber is generally available in lengths that are multi-
ples of 2 feet. Studs, however, can be obtained precut to 
the required length. When taking off joist quantities, the 
estimator will usually allow for length of the joists used 
even though the span may not be a multiple of 2 feet. 
For example, if the span of the joists is 12'6'', the estima-
tor will take off 14-foot joists. If this is not done, a waste 
factor of 12% (14 2 12.5>12.5) should be allowed on 
the material for these joists in the pricing process.

Even where the 2-foot multiple lengths are allowed 
for in the takeoff, a waste factor is still required as 

components such as plates, beams, headers, and such-
like usually require some cutting and there has to be 
allowance for some poor-quality lumber and error. This 
waste factor is usually between 5% and 15%.

Lumber Grades
Within lumber’s use classification, lumber is graded in 
order to provide information to users so that they can 
assess its ability to meet requirements.

Yard lumber is graded as being either Selects or 
Commons in which Selects are pieces of good appear-
ance and finishing qualities suitable for natural or 
painted finishes, and Commons are pieces suitable for 
general construction and utility purposes.

Structural lumber is stress graded in order to be 
able to specify the safe working stresses that can be 

	 CREW:    0.3 Carpenter Foreman 
		  2.0 Carpenters

ITEM	 OPERATION	 OUTPUT	 ITEM	 OPERATION	 OUTPUT

    1.	� 3" Diameter 	 1.50–2.50 no./hr.	 1.50–2.50 	       17. 	  Trusses 24'–40' 	 2–3 no./hr.	 2–3 no./hr. 
   Telescopic 		  no./hr.		     Span 
   Post	

    2.	 2 3 3 Plates	 50–54 BF/hr.	 30–33 m/hr.	   18.	� 2 3 2 	 30–34 Sets/hr.	 30–34 Sets/hr. 
   Cross-Bridging

    3.	� 2 3 4 Plates	 63–68 BF/hr.		    19.	� 1 3 3 Rafter 	 25–35 BF/hr.	 30–34 m/hr. 
   Ties  (Ribbons)

    4.	 2 3 6 Plates	 90–95 BF/hr.	 27–29 m/hr.	   20.	� 1 3 6 Rafter  	 30–40 BF/hr.	 18–24 m/hr. 
   Ties (Ribbons)

    5.	� 2 3 3 Studs	 79–92 BF/hr.	 48–56 m/hr.	   21.	 2 3 4 Rafters	 60–110 BF/hr.	 27–50 m/hr.

    6.	 2 3 4 Studs	 100–115 BF/hr.	 46–53 m/hr.	   22.	� 2 3 6 Rafters	 65–120 BF/hr.	 20–37 m/hr.

    7.	 2 3 6 Studs	 110–125 BF/hr.	 34–38 m/hr.	   23.	� 2 3 4 Lookouts	 30–50 BF/hr.	 14–23 m/hr.

    8.	 2 3 8 in Built- 	 150–260 BF/hr.	 34–59 m/hr.	       24. 	  2 3 4 Rough 	 30–50 BF/hr.	 14–23 m/hr. 
	 Up Beam				    Fascia

    9.	� 2 3 10 in Built- 	 200–310 BF/hr.	 37–57 m/hr.	       25. 	  2 3 6 Rough 	 35–60 BF/hr.	 11–18 m/hr. 
   Up Beam				       Fascia

  10.	� 2 3 8 Joists	 150–180 BF/hr.	 34–41 m/hr.	   26.	� T & G Floor 	 150–160 sq. 	 14–15 m2/hr. 
   Sheathing	 ft./hr.

  11.	� 2 3 10 Joists	 160–185 BF/hr.	 29–34 m/hr.	   27.	� Wall Sheathing	 130–150 sq. 	 12–14 m2/hr. 
		  ft./hr.

  12.	� 2 3 2 Blocking	 12–25 BF/hr.	 11–23 m/hr.	       28. 	  Roof Sheathing	 160–180 sq. 	 15–17 m2/hr. 
						      ft./hr.

  13.	� 2 3 4 Blocking	 20–35 BF/hr.	 9–16 m/hr.	   29.	� 1⁄2" Ply Soffit	 40–60 sq. ft./hr.	 4–6 m2/hr.

  14.	� 2 3 6 Blocking	 25–45 BF/hr.	 8–14 m/hr.	   30.	� Aluminum Soffit	 40–60 sq. ft./hr.	 4–6 m2/hr.

  15.	� 2 3 8 Blocking	 30–50 BF/hr.	 7–12 m/hr.	   31.	� 1 3 6 Fascia 	 15–20 BF/hr.	 9–12 m/hr. 
   Board

  16.	� 2 3 10 Blocking	 35–55 BF/hr.	 6–10 m/hr.	   32.	� 6" Aluminum 	 30–40 sq. ft./hr.	 9–12 m/hr. 
   Fascia

99395_ch12_ptg01_222-242.indd   226



	 CHAPTER 12    PRICING MASONRY, CARPENTRY, AND FINISHES WORK  	 227

applied to it. Tables are published that list the allowable 
stresses for structural lumber in each of the following 
use categories, including:

	1.	 Light framing

	2.	 Structural light framing

	3.	 Structural joists and planks

	4.	 Appearance framing

	5.	 Decking

	6.	 Beams and stringers

	7.	 Posts and columns 

Within each of these categories, there are one or 
more grades. Allowable stresses are specified accord-
ing to species of lumber and grade within each of 
the categories. Light framing, for example, is divided 
into Construction Grade, Standard, Grade and Utility 
Grade for each species of lumber used in this capacity. 
Structural light framing generally has five grades for 
each species:

	1.	 Select Structural

	2.	 No. 1

	3.	 No. 2

	4.	 No. 3

	5.	 Stud 

A full specification for structural lumber would call 
for a certain category, grade, and species of lumber to 
be used. For instance, a housing specification may state, 
“All loadbearing stud walls shall be framed using Struc-
tural Light Framing graded lumber of No. 2 or better 
Hem-Fir.” More often, abbreviated versions of such a 
specification are found calling merely for “No. 2 or 
better.” The task of the estimator, as usual, is to ensure 
that the lumber prices used in the estimate reflect the 
specification requirements for lumber.

An example of a lumber company price list is 
shown in Figure 12.3. This price list will be used for 
pricing lumber in the examples that follow.

Rough Hardware
Rough hardware for lumber mostly consists of nails, 
but other fasteners and such items as joist hangers may 
also be required. Many estimators allow for rough car-
pentry hardware in the same way we allowed for form-
work hardware. Recall that this was done by keeping 
track of hardware costs of previous jobs in terms of a 
percentage of total lumber costs, then applying this his-
torical rate to the estimated cost of lumber for future 
jobs. An alternative method of estimating hardware 

costs, which is perhaps more precise, is to take off the 
quantity of specific items of hardware required or esti-
mate the quantity of nails required, then price these 
quantities.

The amount of nails required for rough carpentry 
can be roughly determined by allowing 7 lbs of nails for 
every 1000 board feet of lumber and 10 lbs of nails for 
every 1000 square feet of sheathing.

Finish Carpentry and Millwork

The process of pricing finish carpentry and millwork 
consists of applying materials and labor prices to the 
items measured in the takeoff process. Many finish car-
pentry components such as stairs, doors, windows, and 
cabinets are manufactured goods that are constructed 
off-site, delivered to the site by the supplier, and merely 
installed by the site labor crews. Hand tools and some 
crane time for unloading and hoisting are often required 
with the installation of finish carpentry. Both of these 
items are priced with the site overheads on the General 
Expenses sheet.

The productivity of labor crews installing finish 
carpentry and millwork is influenced by job factors 
similar to those discussed for rough carpentry. Expected 
productivity rates for crews installing finish carpentry 
and millwork are shown in Figure 12.4.

Exterior and Interior Finishes

The most dependable way of estimating the cost of 
exterior and interior finishing work follows the same 
procedure we have adopted with the preceding trades 
in this text. That is to measure the quantity of each 
individual item of the trade in the takeoff process, 
list the takeoff items on a recap, and apply separate 
materials and labor prices to the items listed. Material 
prices are determined from suppliers who are required 
to quote prices to supply and deliver items that meet 
specifications. Some manipulation of material prices 
is again often necessary to convert prices for sup-
ply units of measurement to prices for takeoff units 
of measurement as we discussed when considering  
concrete items.

Labor productivities are once again affected by gen-
erally the same job factors and labor and management 
factors we considered with the other trades examined 
previously. A list of expected productivity rates for 
labor crews on exterior finish and interior finish work 
is shown in Figure 12.5.
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XYZ LUMBER INC

DOUGLAS FIR AND LARCH S4S P.W.F. LUMBER (.50 LBS CU. FT.)

Dimension and Timbers 2x4 & 4x4 (Std. or Btr.) 2x4 8' - 14' $745.00

2x6, 4x6 and wider (#2 and Btr.) 16' $795.00

2x6 10' - 14' $745.00

SIZES LENGTH "GREEN" "DRY" 16' $795.00

2x4 8' - 14' $720.00 2x8 10' - 14' $780.00

16' - 20' $770.00 $770.00 16' $820.00

2x6 8' - 14' $730.00

16' - 20' $780.00 STRAPPING - BRIDGING Per LF

2x8 8' - 16' $750.00 1x1 Spruce $0.20

18' $790.00 1x2 Spruce $0.22

20' $820.00 1x3 Spruce $0.27

2x10 8' - 16' $855.00 1x6 Spruce $0.50

18' - 20' $885.00 2x2 D. Fir $0.40

Bridging 2x2 Precut for 

PLANKS AND TIMBERS 2x8, 2x10 at 16" on center per length $1.00

S4S 4x4 $1,275.00

S4S 4x6 $1,300.00 O.S.B. SELECT FIR

ROUGH 6x6 $1,350.00 SHEATHING PER SHEET PER SHEET

ROUGH 8x8 $1,450.00 3/8" $20.75 $22.00

ROUGH 3x12 $1,500.00 1/2" $22.50 $25.00

5/8" $25.50 $27.50

3/4" $27.00 $30.00

S-DRY SPRUCE 5/8" T & G $28.00 $32.00

2x3 - 92 5/8" Studs $600.00 3/4" T & G $33.00 $40.00

2x4 - 92 5/8" Studs $620.00

2x6 - 92 5/8" Studs $630.00

2x3      8' - 12' $600.00

2x3      14' - 16' $650.00

2x4      8' - 12' $620.00

2x4      14' - 16' $680.00

2x4      18' - 20' $710.00

2x6      8' - 12' $630.00

2x6      14' - 16' $690.00

2x6      18' - 20' $720.00

2x8      8' - 12' $660.00

2x8      14' - 16' $700.00

2x8      18' - 20' $740.00

2x10      8' - 20' $830.00

Figure 12.3  Quote for Supply of Lumber (Delmar/Cengage Learning)
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Wage Rates

The wage rates of workers in the following examples are:

Basic Hourly Wage $
Masonry foreman  57.00
Mason  52.00

Equipment operator  54.00
Labor foreman  44.00
Laborer  40.00
Cement finisher  42.50
Carpentry foreman  55.00
Carpenter  50.00
Painter foreman  46.00
Painter  42.00 

Masonry, Rough Carpentry, and 
Finish Carpentry Recap and Pricing 
Notes Example 1: House

Masonry Work Figure 12.6

	1.	 Masonry items are listed from the takeoff and two 
further items are added: scaffold and waste.

	2.	 All the materials prices used on this recap are based 
on quotes to supply and deliver to site materials 
that meet specifications.

	3.	 It is assumed that this house is one of a number 
of jobs in progress so that materials can be shared 
among projects. If this were not the case, the mate-
rial prices and waste factor would be greater to 
reflect the minimum charges made by suppliers 
when very small quantities are ordered.

	4.	 The labor prices are based on the following 
masonry crew:

 Labor 

Masonry Crew  $

1  Masonry Foreman $57.00/hr. 5  57.00 

3  Masons $52.00/hr. 5  156.00 

2  Laborers $40.00/hr. 5   80.00 

293.00/hour

	5.	 The productivity of this crew is taken to be on the 
low end of the range because this is a small proj-
ect. For example, the productivity for laying facing 
bricks is taken to be 220 bricks per hour:

Thus the labor unit price for brickwork is: 
                       $293.00/220 units 5 $1.33/unit

	6.	 Because this is such a small-scale project, it is not 
considered necessary to provide a full-size scaffold 
system, so only a nominal amount has been allowed 
for scaffold. 

Rough Carpentry Work Figure 12.7

	7.	 Rough carpentry items are listed in the order in 
which they were taken off, but where the same 
type of work appears more than once in the take-
off, quantities are added together so that there is 
just one quantity of this item to price. Note that the 
takeoff quantities are summed in the margin beside 
the item on the recap.

	8.	 All lumber prices used on the recap are based on 
the quote shown in Figure 12.3. S-dry spruce is 
used for all 2 3 4 and 2 3 6 lumber, and Douglas 
fir and larch are used for larger sizes.

Other prices used for teleposts, trusses, and the 
like are assumed to be based on quotes obtained 
from suppliers.

	9.	 Preserved wood foundation (P.W.F.) lumber is used 
for the sill plate at the price of $745.00 per 1000 
board feet as quoted.

	10.	 The labor unit prices for rough carpentry work are 
based on using the following crew:

 Labor 

Rough Carpentry Crew  $

0.3 Carpentry Foreman $55.00/hr. 5  16.50 

2.0 Carpenters $50.00/hr. 5  100.00 

 $116.50/hour

	11.	� Labor productivities close to the middle of the 
range shown in Figure 12.2 for each item are 
adopted except where noted. So, for installing tele-
posts, a productivity of 2.00 posts/hr. is used.

Thus the labor unit price for teleposts is:  $116.50/2 no.

5 $58.25/no.

	12.	 Because 2 3 4 cleats are a form of blocking, a pro-
ductivity of 30 BF/hr. is used:

Labor unit price for 2 3 4 cleats 5 $116.50>30 BF
5 $3.88 BF

	13.	 The price of precut 2 3 2 bridging is quoted as  
$1.00 per length in Figure 12.3. Two lengths are 
required for a set of bridging, so the unit price per 
set is $2.00.

	14.	 3>4'' T & G (tongue-and-groove) sheathing in  ori-
ented strand board (OSB) is quoted at $33.00 per 
4'0'' 3 8'0'' sheet.
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Thus the material unit price for 
3
4

''
sheating 

5 $33.00>32

5 $1.03/SF

	15.	 A productivity of 55 BF/hr. is used for 2 3 10 
lintels since this work is similar to installing  
long pieces of blocking; 55 BF/hr. is on the high  
end of the range of productivities for 2 3 10 
blocking.

	16.	 The 2 3 4 lintels are not as long as the 2 3 10 lin-
tels, so 30 BF/hr. is used, which is toward the high 
end of the 2 3 4 blocking productivity range.

	17.	 1 3 3 spruce is quoted as $0.27 per LF. As a price 
per BF is required for the 1 3 3 ribbons, this price 
has to be converted in this way:

$0.27 3
12
3

5 $1.08/BF 

PRICING SHEET SHEET No.  6 of 10

JOB:    House Example DATE:

ESTIMATED: DJP

UNIT UNIT UNIT
No.  DESCRIPTION   QUANTITY UNIT PRICE LABOR PRICE MATERIALS PRICE EQUIP SUBS TOTAL

   $    $    $    $    $    $    $    $

ROUGH CARPENTRY

1 2 x 6 Sill Plate 136 BM 1.27 173 0.75 102  ---  ---  --- 275

2 3" Dia. Steel Telepost 3 No. 58.25 175 32.00 96  ---  ---  --- 271

3 2 x 10 Builtup Beam 267 BM 0.47 125 0.83 222  ---  ---  --- 347

4 2 x 10 Joists 1,600 BM 0.68 1,088 0.83 1,328  ---  ---  --- 2,416

5 2 x 4 Cleats 41 BM 3.88 159 0.62 25  ---  ---  --- 185

6 2 x 2 X-Bracing 60 Sets 6.13 368 2.00 120  ---  ---  --- 488

7 ¾" T & G Floor Sheathing 1,080 SF 0.75 810 1.03 1,112  ---  ---  --- 1,922

8 2 x 6 Plates 424 BM 1.27 538 0.63 267  ---  ---  --- 806

9 2 x 6 Studs 1,176 BM 0.99 1,164 0.63 741  ---  ---  --- 1,905

10 ⅜" Wall Sheathing 1,264 SF 0.83 1,049 0.65 822  ---  ---  --- 1,871

11 2 x 10 Lintels 214 BM 2.57 550 0.83 178  ---  ---  --- 728

12 2 x 4 Plates 652 BM 1.79 1,167 0.62 404  ---  ---  --- 1,571

13 2 x 4 Studs 1,531 BM 1.08 1,653 0.62 949  ---  ---  --- 2,603

14 2 x 4 Lintels 35 BM 4.16 146 0.62 22  ---  ---  --- 167

15 "W" Trusses 28' Span 19 No. 46.60 885 88.00 1,672  ---  ---  --- 2,557

16 Gable Ends 2 No. 46.60 93 95.00 190  ---  ---  --- 283

17 1 x 3 Ribbons 50 BM 3.88 194 1.08 54  ---  ---  --- 248

18 2 x 4 Ridge Blocking 30 BM 2.91 87 0.62 19  ---  ---  --- 106

19 2 x 4 Barge Rafter 46 BM 3.88 178 0.62 29  ---  ---  --- 207

20 2 x 4 Lookouts 85 BM 2.91 247 0.62 53  ---  ---  --- 300

21 2 x 6 Rough Fascia 88 BM 2.91 256 0.63 55  ---  ---  --- 312

22 2 x 4 Ceiling Blocking 91 BM 3.88 353 0.62 56  ---  ---  --- 410

23 ⅜" Roof Sheathing 1,533 SF 0.80 1,226 0.65 996  ---  ---  --- 2,223

24 Vented Alum. Soffit 342 SF 2.33 797 6.90 2,360  ---  ---  --- 3,157

25 Alum. "J" Mold 152 LF 1.55 236 0.75 114  ---  ---  --- 350

26 Alum. Fascia 158 LF 3.33 526 3.45 545  ---  ---  --- 1,071

27 Rough Hardware Allow  ---  ---  --- 195  ---  ---  --- 195

28 Waste on Materials 10% 12,726 1,273  ---  ---  --- 1,273

0

 TOTAL ROUGH CARPENTRY TO SUMMARY: 14,246 13,998 0 0 28,244

Figure 12.7  House Example—Rough Carpentry Pricing (Delmar/Cengage Learning)
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	18.	 A productivity of about 80 LF/hr. is expected from 
this carpentry crew installing the ''J'' mold for the 
aluminum soffit.

	19.	 Rough hardware is mostly for nails, and the price is 
assessed using the following analysis:

Total BM of lumber on recap 5 6446

Total SF of sheating               5
4219

10,685

Allowing 10 lbs per 1000 BF or SF gives 106.85 lbs.

At the price of $110.00 per 100 lbs, this gives:

106.85 lbs 3 $180.00/ 100 5 $192.00

So, $195.00 is allowed for rough hardware.

	20.	 An allowance of 10% for wastage of rough car-
pentry materials is considered to be appropriate for 
this project.

Finish Carpentry Work Figure 12.8

	21.	 Unit prices for finish carpentry materials are 
assumed to be obtained from suppliers who have 
been asked to quote prices for items that meet the 
required specifications.

	22.	 The labor unit prices for finish carpentry work are 
based on the cost of using a crew again comprised 
of 0.3 of a carpenter foreman and 2 carpenters, and 
productivity rates are taken to be in the middle of 
the ranges shown in Figure 12.4 except when noted 
otherwise.

	23.	 The prices of the interior doors are established from 
the following component prices:

Width of door: 1'6" 2'0" 2'6" 2'8"

Slab door: $40.00 $45.00 $55.00 $60.00

1 3 5 Jambs 32.50 32.50 32.50 32.50

Doorstop 4.50 4.50 4.50 4.50

Casing Both Sides 17.20 17.20 17.20 17.20

$94.20 $99.20 $109.20 $114.20

	24.	 The prices of bifold closet doors are established 
from the following component prices:

Width of Bifold Door: 2'0" 3'0" 4'0" 5'0"

Door and Hardware: $70.00 $75.00 $115.00 $115.00

Half Jambs: 18.75 18.75 18.75 18.75

Casing One Side: 8.60 8.60 8.60 8.60

$97.35 $102.35 $142.35 $142.35

	25.	 There is no labor price against hinges because the 
cost of installation is included in the door installa-
tion price.

	26.	 Windows are taken to be prefinished vinyl-clad units.

	27.	 Prices of cabinets and countertops vary a great deal. 
The prices used here are for medium-quality cabi-
nets with a plastic laminate countertop.

	28.	 Some nails and screws are required for installing 
finish carpentry items, so there is an allowance 
made based on costs of previous jobs.

	29.	 A 20% allowance for waste is considered appropri-
ate on finish carpentry materials.

Exterior and Interior Finishes Figure 12.9 
and Figure 12.10

	30.	 The price of bituminous paint for damp-proofing 
is $4.25 per gallon, and a coverage of 24 SF/gal. is 
expected for spraying two coats on concrete walls. 
This gives a unit price of:

 $4.25
24

5 $0.18/SF

	31.	 The following crews are used for pricing exterior 
and interior finishes:

 Labor 

Crew A  $

0.3 Carpentry Foreman $55.00/hr. 5  16.50 

2.0 Carpenters $50.00/hr. 5  100.00 

 116.50 /hour

Crew B

0.3 Labor Foreman $44.00/hr. 5  13.20 

2.0 Laborers $40.00/hr. 5  80.00 

 93.20 /hour

Crew C

0.3 Labor Foreman $44.00/hr. 5  13.20 

2.0 Cement Finishers $42.50/hr. 5  85.00 

 98.20 /hour

Crew D

0.3 Painter Foreman $46.00/hr. 5  13.80 

2.0 Painters $42.00/hr. 5  84.00 

 97.80 /hour
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	32.	� With Crew B at a productivity of 130 SF per hour 
the unit price for damp-proofing is:

 
$93.20
130 SF

 5 $0.72/SF

	33. 	�With Crew C at a productivity of 30 SF per hour 
the unit price for parging is:

$98.20
30 SF

5 $3.27/SF

	34. 	�With Crew A at a productivity of 62.5 SF per hour 
the unit price for 

$116.50
62.5SF

 5 $1.86/SF

	35.	 The remaining labor unit prices are calculated  
in the same fashion using average outputs from  
Figure 12.5.

	36.	 The price quoted for asphalt shingles is $36.65 per 
bundle. Three bundles are required to cover 1 square 
(100 sq. ft.) of roof area, so the unit price is:

$36.65 3  3
100

5 $1.10/SF

	37.	 In addition to the labor crew, a crane is also 
required for the installation of the precast steps. 
The price of the crane will be included on the Gen-
eral Expenses sheet under the Site Equipment item.

	38.	An allowance for rough hardware is added to Exte-
rior Finishes, and 10% is considered to be neces-
sary for wastage of these materials.

	39.	The rough hardware allowance on Interior Finishes 
is mainly for drywall screws. This price is calculated 
by allowing 1.2 screws per SF of drywall at a price 
of $9.00 per 1000 screws:

Total drywall area from recaps 5 6087 SF

Number of screws required 6087 3 1.2 5 7304

Cost of screws 7304 3
$9.00
1000

5 $66.00

For other miscellaneous hardware add $34.00

Total hardware allowance $100.00

Masonry Work Pricing Notes Example 
2: Office/Warehouse Building

Masonry Work Figure 12.11

	1.	 The labor prices are based on the following 
masonry crew:

 Labor 

Masonry Crew $

1  Masonry Foreman $57.00/hr. 5  57.00 

3  Masons $52.00/hr. 5  156.00 

2  Laborers $40.00/hr. 5  80.00 

293.00/hour

	2.	 The productivity of this crew on this larger project 
is expected to be at the average of the range, so for 
laying 8'' concrete blocks, an output of 90 blocks 
per hour is used:

Thus the labor unit price for blockwork is  

$293.00>90 units 5 3.26/unit

	3.	 There is no labor price against mortar since the cost 
of laying the mortar is included in the labor price 
for laying the blocks.

	4.	 The unit price for mortar is based on $13.50 per 
bag of premixed mortar, so with a conversion fac-
tor of 11 bags per cubic yard, the mortar price is 
11 3 $13.50 5 $148.50 per cubic yard.

	5.	 The unit price for loose fill insulation is based 
on $20.00 per bag. With a conversion factor of 
6.75 bags per cubic yard, the insulation price is 
6.75 3 $20.00 5 $135.00 per cubic yard.

	6.	 A premium is added for lintel blocks used in bond 
beams because these blocks are more expensive 
than regular concrete blocks.

	7.	 The scaffold prices are based on the cost of renting 
and erecting scaffold on previous jobs of a similar 
size expressed as a price per square foot of the total 
area of block walls constructed.

	8.	 A waste factor of 10% is added because the quanti-
ties listed are net amounts from the takeoff. 
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SUMMARY

�� This chapter concerns the pricing of masonry work, 
rough carpentry work, finish carpentry work, and 
interior and exterior finishes.

�� This work is usually performed by subcontractors 
who estimate the cost of their work and quote 
prices to general contractors.

�� The cost of masonry work includes the cost of 
labor crews laying the masonry units and installing 
accessories such as horizontal ladder reinforcing 
and wall ties; masonry materials, including accesso-
ries and mortar; equipment used in the mixing and 
hoisting of masonry materials; and erecting and 
dismantling temporary scaffolding and work plat-
forms required by the work crews.

�� The job factors that affect the price of masonry 
include:
1.	 What is being built with the masonry units
2.	 The standards of workmanship required
3.	 The size and weight of the masonry units being 

used
4.	 The kind of mortar being used
5.	 The kind of bond being used
6.	 The complexity of the design of the work
7.	 The presence or lack of repetition in the work
8.	 The availability of workers skilled in the 

masonry trade 
�� The price of masonry bricks and blocks varies over 

a wide range depending on the size, type, and color 
of units required.

�� Many rough carpentry components are fabricated 
off-site and merely assembled at the job site.

�� The job factors that influence the price of rough 
carpentry include:
1.	 The nature of the carpentry components being 

used
2.	 The size of cross-section and length of the pieces 

of lumber involved
3.	 The extent to which power tools are used in the 

work

4.	 The complexity of the design of the work

5.	 The presence or lack of repetition in the work

6.	 The extent to which components and assemblies 
are fabricated off-site 

�� The size of lumber is stated in accordance with 
its nominal size. This is the dimension of the 
cross-section of the piece before it has been sur-
faced. Thus 2 3 4 size pieces were approximately 
2'' 3 4'' in cross-section before they were surfaced 
but now have a cross-section of 11

2
'' 3 31

2
'' after 

the lumber is dressed.
�� The material price of lumber for rough carpentry 

depends on the species of work and the grade of 
lumber required for the particular use.

�� Lumber is graded according to these categories:

1.	 Light framing

2.	 Structural light framing

3.	 Structural joists and planks

4.	 Appearance framing

5.	 Decking

6.	 Beams and stringers

7.	 Posts and columns 

�� Hardware for rough carpentry, including nails and 
other fastening devices, is usually priced as a per-
centage of the price for lumber.

�� Most finish carpentry and millwork items are man-
ufactured goods that are produced off-site. A price 
is obtained to supply these items to the site; to this 
is added the price of installation by the on-site 
crews.

�� Materials for interior and exterior finishes are priced 
in the same way as the materials of other trades.

�� Labor productivities for rough carpentry, finish car-
pentry, and millwork are affected by generally the 
same job factors and labor and management fac-
tors we considered with the other trades examined 
previously.  
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 REVIEW QUESTIONS

	 1.	List seven factors, specific to masonry work, which 
influence the level of productivity of crews per-
forming masonry work.

	 2.	Explain why the productivity rate per board foot 
is lower when working with short pieces of lumber 
than with long pieces.

	 3.	� List and describe the three use classifications of 
softwood lumber.

NOTE: For questions 4 through 9, use the wage 
rates listed on page 295 in the Wage Rates section. 

	 4.	� With a crew comprising 1 masonry foreman,  
3 masonry workers, and 2 laborers, what would be 
the labor price to lay 1000 facing bricks if the out-
put was expected to be at the low end of the scale?

	 5.	Use the crew listed in Figure 12.2 to calculate a 
labor price per SF to install a 1⁄2'' plywood soffit 
when the output is expected to be about average.

	 6.	From the information provided in Figure 12.3, cal-
culate the material price of 2 3 3 “S-Dry Spruce”:

a.	 per board foot

b.	 per linear foot 

	 7.	� From the information provided in Figure 12.4, cal-
culate the installation price of a 1 3 6 base board 
when the output is expected to be low:

a.	 per linear foot

b.	 per board foot 

	 8.	� If the output is expected to be on the high end of 
the scale, what would be the labor price to install 
210 lb asphalt shingles based in Figure 12.5 data?

	 9.	� Why is it considered necessary to add a waste fac-
tor to the estimated material’s price of masonry 
work?
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Chapter

13

Pricing Subcontractors’ 
Work

Objectives

After reading this chapter and completing the review questions, you should be able to do the following:

•	 Describe how subtrade work is usually 
estimated and explain the role of the 
contractor’s estimator in this process.

•	 Identify potential problems with subcontrac-
tors on a project.

•	 Explain how the competency of subtrades can 
be evaluated and list what should be consid-
ered in this evaluation.

•	 Explain how surety bonds can be used to help 
manage subtrades.

•	 Describe subtrade pre-bid proposals and 
explain their use with subcontractor bids.

•	 Describe how subtrade bids are evaluated.
•	 Describe the main features of bid depositories 

and explain their use with subcontractor bids. 

Introduction

Subcontractors often perform 80% or more of the work 
on building construction projects. In some situations all 
of the project work is put in place by subtrades, leaving 
the general contractor to merely coordinate the activ-
ities of the subtrades as construction manager. Conse-
quently, the contractor has to rely on subtrades and to 
work closely with them, first to assemble an accurate 
estimate that meets project requirements at a competi-
tive price, and later to successfully complete the work of 
the project. Therefore, there has to be a good relation-
ship between the contractor and each of the subtrades. 
This relationship must be built on mutual trust, a will-
ingness to cooperate, and, perhaps above all, effective 
two-way communications. A dialogue between project 
participants needs to be established in the estimating 
process and maintained throughout the course of the 
work. The contractor and subtrades have to identify 

common goals and together strive to meet those goals; 
they have to be willing to share ideas and unite forces in 
order to overcome problems and find creative ways of 
dealing with project issues.

Potential Problems

In the estimating process, subtrades bidding a job will 
normally be responsible for the takeoff and pricing of 
their own portions of the work, but, to do this effec-
tively, they need to keep in close contract with the 
general contractor’s estimator who is coordinating the 
estimate. On the face of it, the work of the general con-
tractor’s estimator would appear to be quite straight-
forward: First, she or he has to ensure that subtrades 
are aware of the project and the requirement for prices, 
then simply find the subcontractor with the best price 
for each trade and, finally, gather together these prices 
to determine the total price of the work. However, in 
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reality it never seems to be quite that simple. Problems 
can emanate from the practice of subcontracting for a 
number of reasons, including:

	1.	 Unreliability of some subcontractors

	2.	 Errors in subtrade bids

	3.	 Overlap or underlap in the scope of work 
subcontracted

	4.	 Conditional bids from subcontractors

	5.	 Bid closing congestion

	6.	 Compliance with government positive action 
requirements regarding minorities 

Unreliable Subcontractors
While most subtrades can be relied on to deliver the 
bids they have promised to submit and, at least, to try 
to meet their contractual obligations, there are still 
occasions when some subcontractors break their agree-
ments leaving the contractor in much difficulty.

Subcontractor defaults can occur in numerous 
ways and at various stages in the construction process: 
During the bid period, a subtrade may be late or com-
pletely fail to prepare the expected bid; just after the bid 
period, a subtrade may try to withdraw a bid that has 
been used by the contractor in the bid to the owner; and 
when the project is underway, a subtrade may not per-
form in accordance with contractual obligations or may 
not even show up when the contracted work is required 
to begin. Certainly there can be legal recourse against a 
defaulting subtrade, but this often provides little com-
pensation to the contractor who has suffered the conse-
quences of the defaults.

Part of the estimator’s role is to try to assess the risk 
involved in accepting the price of and then employing 
a particular subcontractor. This assessment is discussed 
later in the “Evaluating Subcontractors” section.

Errors in Subtrade Bids
One of the recurring reasons for the deficient perfor-
mance of subtrades is the presence of errors in the esti-
mates prepared by the subtrades. Accepting a subtrade 
bid that contains a mistake can lead to endless trouble 
for a contractor, so the estimator has to make every 
effort to ferret out subtrade bids that contain errors if 
the consequential problems are to be avoided. When a 
bid is received from a subtrade that is obviously out of 
line with the other bids, it is advisable for the estima-
tor to contact the bidder before the price is used in the 
contractor’s bid. There is no need to discuss details of 
prices with this subtrade; merely indicating that its esti-
mate should be examined for errors should be sufficient 
warning.

Overlap and Underlap of the Scope of Work 
Subcontracted
Ensuring that all the work of the project is properly 
covered, either by subtrades or by the contractor’s 
own forces, can be difficult since it is easy for a section 
of work to be excluded from the subtrade’s scope and 
be overlooked in the contractor’s takeoff. Similarly, 
discovering that some work has been covered more 
than once in the estimate is not uncommon. These 
cases of underlap and overlap occur when work is not 
clearly defined as being part of the scope of a single 
trade or as being the general contractor’s work. Avoid-
ing these problems calls for a lot of investigative work 
by the estimator, which is discussed later under “Scope  
of Work.”

Conditional Subtrade Bids
The estimator’s task becomes far more complicated 
when subtrades attach conditions to their bids. Where 
all of the subtrades quoting a certain trade base their 
bids on the same scope of work and comply with the 
same set of specifications, selecting a subtrade price 
should not be difficult. But when each subtrade has 
a different set of bid inclusions and exclusions and 
each expects the general contractor to supply a variety 
of different items, or the subtrades bid according to 
various alternative specifications, selecting a subtrade 
can become a horrendous task for the contractor’s 
estimator.

Bid Closing Congestion
Compounding all of these problems is the congestion 
that often occurs in the prime contractor’s office when 
the subtrade bids are received on the bid closing day. If 
30 or more trades are involved in a project and numer-
ous bids are submitted for each trade in the space of a 
few hours, a chaotic situation can easily develop at the 
place where these bids are being received and processed. 
A well-organized bid closing procedure in the prime 
contractor’s office is essential to preserve any control 
over this stage of the estimating process. Bid closings 
are discussed in Chapter 15.

Positive Action Programs
On some publicly funded projects, the general con-
tractor may be required by government regulations 
to award a certain percentage of the work to women- 
owned and minority-owned businesses. There may 
also be an official local preference policy stipulating 
that businesses established in a defined geographical 
area be given preference in contract awards in which 
their bids are within a certain percentage of the price 
of “outside” subcontractors. Complying with these 
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regulations further complicates the process of select-
ing subtrades and, if not handled properly, can put the 
prime contractor into awkward situations vis-à-vis 
government agencies.

Managing Subcontract Pricing Procedures

The problems just described can be controlled only where 
the general contractor applies effective management 
practices throughout the estimating process. The under-
lying objective of the subcontract pricing procedures 
detailed in the following is to provide a well-organized 
system of dealing with subtrades in the estimating pro-
cess. Following this system allows the prime contractor 
first to clearly identify the subtrade needs for the project 
being estimated and, second, to ensure that the subtrades 
selected to perform the work are capable of meeting their 
contractual obligations.

List of Subtrades

As soon as bid drawings and specifications are obtained 
for a project and the estimator has completed the gen-
eral review of bid documents described in Chapter 2, a 
list of the subtrades required for the project should be 
prepared. This list is compiled and subtrades are noti-
fied early in the estimating process to give the subtrade 
bidders as much time as possible to put together their 
estimates. Many of the design questions raised in the 
estimating process relate to subtrade work, so subtrades 
have to be encouraged to make an early start on their 
takeoffs so that the problems they encounter can be 
properly dealt with in the time period when estimates 
are being prepared.

The list of subtrades required for the project is 
compiled by carefully examining the project specifica-
tions and drawings. Some estimators like to make a 
new list of subtrades each time they go through the 
bid documents of a project. Others prefer to check off 
the subtrades required from a document that lists all 
of the trades a contractor may need for its projects. 
Figure 13.1 is an example of the kind of checklist of 
trades used by an estimator to indicate the particular 
trades needed on a project. The list shown is derived 
from the CSI MasterFormat of construction trade cat-
egories, which is also the basic source of the code num-
bers indicated against each item. While this list may 
represent the usual subtrades required by a contractor 
engaged in a certain type of construction work, the 
estimator should be aware that such a list can never 
be entirely comprehensive; other trades might have to 
be added to the list to meet specific requirements of a 
project.

The subtrade list is first used to determine which 
trades have to be contacted for bid requests on the 
project; later the list can be incorporated into the 
estimate summary and used to ensure that all sub-
trade work necessary for the project is duly priced as 
required.

Contacting Subcontractors

Once the subtrade needs of a project have been defined, 
the next task is to inform subcontractors that the gen-
eral contractor is going to prepare a bid for the proj-
ect and that bids for their trade will be required. Most 
contractors maintain a directory of the subtrades they 
prefer to deal with. These trades may be notified of a 
new project by postcard or, more commonly these days, 
by e-mail or fax.

One way to organize this process is to have a sub-
trade checklist like the one shown in Figure 13.1 set up 
on a computer spreadsheet and then proceed as follows:

	1.	 The estimator checks off the trades required for the 
project and adds trades that are not on the basic 
list.

	2.	 The completed checklist is then compiled.

	3.	 A copy of this checklist is e-mailed to all the sub-
trades on the contractor’s mailing list.

	4.	 The subcontractors are asked to return the checklist 
with their name against all the trades on the check-
list that they are prepared to submit prices for. 

By this means subtrades are quickly notified of a 
project and the estimator promptly determines if all the 
subtrade prices necessary for a project are going to be 
obtained from the subcontractors who normally work 
for that general contractor.

When the contractor’s subtrade directory does not 
cover all the trades necessary for the job or where prices 
from additional subtrades are needed to improve com-
petition, soliciting prices by advertising in trade publi-
cations or newspapers may have to be considered. This, 
however, introduces the problem of receiving bids from 
unknown subcontractors.

Unknown Subcontractors

Having to award contracts to companies from outside 
their select group of preferred subcontractors can be a 
stressful experience for some general contractors; how-
ever, it may be necessary for a number of reasons. For 
instance, simply complying with bid conditions can 
necessitate that a contractor deal with an unknown 
subcontractor.
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Figure 13.1  Computer Spreadsheet of a Subtrade Checklist

*Bid depository

SUBTRADE LIST

	 Project:	 Estimator: 
	 Bid Closing Date:	 B.D.* Closing Date:

	 Req’d	 Comments
  2100	 Demolition
  2200	 Earthwork
  2300	 Piling
  2350	 Shoring
  2480	 Landscaping
  2700	 Paving and Surfacing
  3010	 Concrete Materials
  3050	 Concrete Placement
  3055	 Concrete Finishing
  3100	 Formwork
  3150	 Falsework
  3200	 Reinforcing Steel—Supply and Place
  3210	 Reinforcing Steel—Supply only
  3220	 Reinforcing Steel—Placing only
  3410	 Precast Concrete—Structural
  3420	 Precast Concrete—Architectural
  3430	 Precast Concrete—Paving
  4000	 Masonry
  5100	 Structural Steel
  5200	 Steel Joists
  5300	 Metal Decking
  5500	 Misc. Metals
  5800	 Expansion Joints
  6100	 Rough Carpentry
  6180	 Glue-Lam Construction
  6400	 Architectural Woodwork
  7100	 Waterproofing
  7160	 Damp-Proofing
  7200	 Insulation
  7500	 Membrane Roofing
  7900	 Sealants
  8100	 Metal Doors and Frames
  8200	 Wood and Plastic Doors
  8300	 Overhead Doors
  8500	 Metal Windows
  8800	 Glazing
  9200	 Plaster and Stucco
  9250	 Gypsum Wallboard
  9300	 Ceramic and Quarry Tile
  9500	 Acoustical Treatment
  9650	 Resilient Flooring
  9680	 Carpeting
  9900	 Painting
10200	 Toilet Partitions
10400	 Washroom Accessories
10500	 Specialties—Miscellaneous
11000	 Equipment
12000	 Furnishings
13000	 Special Construction
14200	 Elevators
15400	 Plumbing
15500	 Sprinklers
15800	 HVAC
16000	 Electrical
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Nominated Subcontractors

Occasionally the project designers or even the owner 
may make a deal with a subtrade sometime before 
bids are called from general contractors. A clause is 
then inserted into the bid documents informing all 
bidders that the subtrade named is to be awarded the 
subcontract for the work of a certain trade. The sub-
trade named is usually referred to as a “nominated 
subcontractor” and the bidders may also be instructed 
to include a specified sum of money in their bid price 
to cover the cost of this subtrade’s work. This is not a 
common practice as owners and designers are reluctant 
to bear the risk of possible responsibility for a “nomi-
nated subcontractor” that may result from this proce-
dure. Yet the practice has sometimes been adopted in 
order to secure the employment of subtrades who offer 
unique services or products that the owner feels are 
indispensable for the project.

Unsolicited Subtrade Bids

More commonly, a contractor will be faced with an 
unfamiliar subtrade when a low price is received for a 
trade from a company who is not known to the contrac-
tor. This can put the contractor in a difficult position: 
On one hand, the contractor may need to use the low 
price to maintain a competitive bid, and, on the other 
hand, the contractor may be hesitant to accept the risk 
of using an unknown subcontractor. Legal and ethical 
considerations also impact on this situation. One course 
of action that has been adopted by some contractors 
faced with this decision is to use the low price in the 
bid but not commit to using the subtrade who submit-
ted the price. This solution, as well as being ethically 
questionable, may also be contrary to bid conditions. In 
most major contract bids the contractor will be required 
to name its subcontractors on the bid document. Failure 
to properly comply with such bid requirements can put 
the contractor into a vulnerable legal position.

The problem a contractor faces when an unsolic-
ited low bid is received can be further aggravated by 
time constraints. While there is no sure recipe that can 
be followed to avoid all the potential problems a con-
tractor can have with a subcontractor, there are certain 
precautions, outlined in the following, that the prudent 
contractor can take to minimize the risk. But when a 
contractor is confronted with a low price from an 
unknown subtrade just hours or even minutes before 
the bid to the owner is due to be submitted, there is 
little or no time available to make effective inquiries 
about the subtrade.

This problem of lack of time can be avoided to 
some extent if the estimator takes some precautions 

earlier in the estimating process. First the estimator 
must try to learn which subtrades are planning to bid 
on a project. Information can sometimes be obtained 
from construction trade associations disclosing the 
names of their members who are bidding on a project. 
However, a better source of this kind of information is 
usually the contractor’s own subtrades. They frequently 
hear from their own industry contacts details about 
which of their competitors intends to bid on a job. If 
new subtrade names come to the attention of the esti-
mator during the course of these inquiries, investigation 
and evaluation of the unfamiliar subtrades can begin in 
a timely fashion.

Evaluating Subcontractors

The contractor’s two main concerns when considering 
an unfamiliar subtrade are:

	1.	 Is the subtrade capable of meeting the quality and 
schedule requirements of its work?

	2.	 Does the subtrade have the financial capability 
required? 

Potential subcontractors should be evaluated in 
these two areas by the estimator or another member of 
the contractor’s team so that an assessment of risk can 
be made before a subtrade is named in a bid. Carrying 
an unknown subtrade in a bid without carefully consid-
ering the consequences is asking for trouble.

An effective evaluation of subtrade companies 
would involve an investigation of a number of factors, 
including:

	1.	 The general reputation of the company

	2.	 The quality of previous work performed by the 
company

	3.	 The quality of the company’s management

	4.	 The company’s disposition in terms of its general 
cooperativeness and the ease of dealing with com-
pany site and office personnel

	5.	 The financial status of the company 

This kind of information can be obtainable from 
several sources. The company itself may be willing to 
supply general details about the number of years it has 
been in business and the number of people it employs, 
and it might offer references especially if it is eager to 
secure contract work. An assessment of the stature of a 
subtrade can sometimes be made by examining a list of 
the equipment that is owned by the company. A com-
pany’s status may also be gauged from whether, and 
how long, it has been a member of a trade association. 
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Construction companies that have previously hired the 
subtrade may be willing to comment on their experience 
with the subtrade, and other industry contacts, such as 
material suppliers, who have had contact with the sub-
trade may offer their opinions about the company.

When investigating the financial condition of a sub-
trade, a useful source of information can be bonding 
companies. If the subtrade wishes to bid on larger-value 
projects, it must be able to obtain surety bonds. The 
prime contractor’s own bonding company that is usu-
ally concerned about the business health of the prime 
contractor can be approached to share any financial 
information about the subtrade it may have. The prime 
contractor’s bank can also be a source of financial data 
on the subtrade, and, last, the prime contractor may be 
able to pick up a financial report on the subtrade, for a 
fee, from a credit-reporting agency.

The reader should note that subcontracting prob-
lems are not exclusive to the subtrades new to the prime 
contractor. Even subtrades that a contractor has worked 
with over many years can be the source of problem or 
two, so some of the inquiries suggested for unfamiliar 
subtrades may also be appropriately applied from time 
to time in an effort to ensure that the regular subtrades 
remain reliable.

Bonding of Subtrades

Under the terms of the contract it has with the owner, 
the prime contractor is always held responsible for the 
performance of the work, including the performance 
of the work done by subcontractors. If a subtrade fails 
to perform as required, the prime contractor will have 
to cope with the problem within the project budget.  
Certainly there will be no additional funds available 
from the owner to rectify the defaults of a subtrade.

In an effort to manage the risk of a nonperforming 
prime contractor, the owner often requires the prime 
contractor to obtain surety bonds to guarantee contract 
performance. So too can the prime contractor require 
subtrades to provide such bonds to guarantee the per-
formance of the subtrade’s work.

There has been much discussion in construction 
management texts about the merits and demerits of 
surety bonds as a way of managing construction risk. 
Suffice it to state here that some contractors do consider 
it worthwhile to require subcontractor surety bonds 
even where it can add more than 1% to subtrade prices. 
Contractors who demand bonded subtrades will impose 
a bid condition on subtrades specifying that all subcon-
tracts over a stipulated value, often set at $100,000, 
shall be guaranteed by a performance bond that names 

the prime contractor as obligee. Then, should the sub-
trade default on its contractual obligations, the prime 
contractor will be able to look to the bonding company 
to finance the due performance of the subtrade’s work.

Subtrades may also be required to provide bid 
bonds. A subtrade bid bond would give the prime con-
tractor the right to damages from the bonding company 
in the event that a subtrade fails to execute the sub-
contract after its bid has been properly accepted by the 
prime contractor.

When subtrade bonds are requested on a project, 
subtrades may be instructed to include the cost of bond-
ing in their bid prices, or the bid conditions may call for 
the price of the bonding to be stated separately from 
the bid price. The second alternative informs the prime 
contractor of the cost saving of waiving the bonding 
requirement, an option that might be considered with a 
low-risk, well-established subcontractor.

Pre-Bid Subtrade Proposals

At one time, most subtrades submitted their bids to the 
prime contractor by telephone shortly before the prime 
contractor’s bid was due to be presented to the owner. 
The main terms of the bid would be stated over the 
telephone and a written confirmation of the bid would 
be sent to the prime contractor within a few days of  
the bid closing. One of the problems with this procedure 
was that the bid conditions stipulated by one subtrade 
may not be the same as those stipulated by another  
subtrade bidding the same work. Compounding the 
problem was the fact that all of these conditions may 
not have been known until the written confirmations 
were received from the bidders after the estimate was 
completed and the bid submitted.

The method of submitting bids now preferred by 
most subcontractors is to use the fax, and increasingly 
e-mail is being used. These methods provide a hard 
copy of the subtrade’s bid before the prime contractor’s 
bid goes in and all conditions attached to the bid are 
presented at this time, but the problem of varying con-
ditions from bidder to bidder still remains. Also, bids 
are still being received only a short time before the 
owner’s bid closing. What has aggravated the problem 
is the way bid conditions have proliferated in recent 
years. While this increase in the number of bid condi-
tions has probably nothing to do with the change in the 
method of submitting bids, it has occurred since the fax 
was introduced and it does make bid analysis far more 
difficult to pursue.

Subcontractors generally cannot be persuaded to 
submit their bids earlier because they are concerned 
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that their prices will become public knowledge (a dis-
cussion of bid shopping follows in the section on bid 
depositories) and, subsequently, their bids will be 
undercut by competitors. But some time has to be avail-
able if any analysis of subtrade bids is to be possible. A 
practical solution to this dilemma is to have subtrade 
bidders submit pre-bid proposals so that the contrac-
tor’s estimator has the opportunity to examine subtrade 
bids and make comparisons where a number of bids 
are received for the same work. A pre-bid proposal is a 
copy of the subtrade’s bid without prices but complete 
in all other details including the conditions the bidder 
wishes to attach to the bid. Figure 13.2 shows an exam-
ple of a pre-bid proposal from a glass and windows 
subcontractor.

Analyzing Subtrade Bids

The estimator has to ensure that all of the work 
required from a trade, as defined by the project draw-
ings and specifications, is included in the subtrade bid. 
One problem is that even though the CSI MasterFormat  
neatly classifies construction trades, the scope of work 
of trade contractors may not exactly match that of 
the CSI classification. For example, a subtrade bid-
ding masonry may not do all the work described in 
the Masonry Section 4000 of the specifications; or the 
roofing contractor may include for all of Section 7500, 
Membrane Roofing, plus additional work from another 
section of the specifications. The number of possible 
combinations of trades and part trades is endless.

Figure 13.2  Pre-Bid Proposal

WWW WINDOWS, INC.

	 TENDER

		  Date:            

To:	 XYZ Construction, Inc.

Re:	 Laboratory Building 
	 Townsville

We propose to supply and install the following materials for the above-named project:

	 1.  Aluminum storefront including glass and glazing:

	 2. � Inferior aluminum partitions incl. glass and glazing: (separate price)

	 3. � Glazing to wood interior partitions: (separate price)

	 4. � Bathroom mirrors: (separate price)

	 5. � Alternative price to substitute aluminum partitions for wood partitions: (extra cost)

Note: �If we are awarded items 1, 2, 3, and 4 above, we offer a discount of 10% on the 
prices quoted.

EXCLUSIONS:

	 1. � Final cleaning
	 2. � Breakage by others
	 3. � Scaffolding and hoisting
	 4. � Heating and hoarding
	 5. � Sill flashings
	 6. � Any other glass or glazing not listed above
	 7. � Temporary glazing or enclosures
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When a bid proposal has been obtained from a sub-
trade, it should list inclusions that detail all the work 
that the bidder is offering to do for the price quoted. 
However, this list may or may not coincide with the 
inclusions listed by other subcontractors bidding  
the same trade. Meaningful bid comparisons can only 
be made when the bidders are offering to perform the 
same work. Excluded items should also be listed on the 
subtrade’s proposal. Most exclusions are items of work 
that, by standard practice, are always omitted from the 
work scope of the trade. Exclusions from one trade are 
sometimes covered elsewhere in the estimate by other 
trades, or by the prime contractor in his or her work. 
The estimator has to be constantly on the lookout for 
items excluded from the work of a trade and not priced 
anywhere else in the estimate.

The subtrade in Figure 13.2 has listed all the work 
items it intends to price together with an alternative 
price for a change in design (alternative prices are dis-
cussed in Chapter 15). The sill flashings listed in this 
quote as an exclusion are typical of the kind of item 
that is excluded by one trade but may not be included 
by any other subtrade on the project. If this is the case 
here, the estimator will have to make sure an additional 
price is obtained to cover the cost of these flashings.

Subtrade bids can be further complicated by multi-
ple trade bids and discounts that are sometimes offered. 
Subcontractors frequently offer prices for a number of 

different trades on a project. They may state on their 
quote that they are only interested in a contract for the 
entire group of trades they have included in their bid. 
Alternatively, the bidder may allow the prime contrac-
tor to choose which trades to award contracts for, but, 
as an inducement, the subtrade may offer a discount if 
it is awarded a contract for all of the trades it submitted 
bids on. In Figure 13.2, if all the subtrade’s prices are 
accepted by the prime contractor, a price reduction of 
10% is offered.

To facilitate subtrade bid analysis, a spreadsheet 
like the one shown in Figure 13.3 can be set up from 
the information obtained in pre-bid proposals for each 
of the trades required for the estimate. Each spread-
sheet is compiled sometime before the bid closing day 
and lists the names of bidders together with the items 
of work to be included in their bids so that, when prices 
are received, they can be easily inserted onto the spread-
sheet to provide a speedy bid analysis.

Some subcontractors may offer to perform several 
different trades, and they can sometimes propose dis-
counts if they are awarded contracts for all of the work. 
This can make it difficult to find the combination of 
subcontractors that gives the best price. Here again the 
use of a spreadsheet can make it easier to analyze the 
situation. See Figure 13.4 for an example of the analysis 
of prices for miscellaneous and structural steel trades 
on a project.

Figure 13.3  Subtrade Analysis Spreadsheet

SUBTRADE ANALYSIS

Project:	 Laboratory Building—Townsville	 Page No:

TRADES:	 8500 Metal Windows	 Date: 
	 8800 Glazing

		  Int. Alum. 	 Glazg. 				    BASE 	 ALTERNATE  
	 Storefront 	 Partitions 	 Wood 	 Bathroom 	 Sill		  BID 	 Alum. Int.  
       SUBTRADES	 & Glazg.	 & Glazg.	 Partitions	 Mirrors	 Flashgs.	 Discounts	 TOTAL	 Ptns. ADD:

WWW WINDOWS, INC.	 $152,000	 $18,900	 $9,000	 $950	 NIC	 <$18,085>	 $168,365	 $25,250

					     $5,600	 (SMITH)

XXX WINDOWS, INC.	 $169,500	 inc.	 inc.	 inc.	 inc.	 no	 $169,500	 $21,000

YYY WINDOWS, INC.	 $148,900	 $23,500	 inc.	 inc.	 inc.	 no	 $172,400	 $38,000

ZZZ WINDOWS, INC.	 $189,000	 $15,850	 inc.	 NIC	 inc.	 <$20,485>	 $185,315	 $30,000

				    $950	 (WWW)

99395_ch13_ptg01_243-253.indd   250



	 CHAPTER 13    Pricing Subcontractors’ Work	 251

Bid Depositories

There is always a temptation for those who receive bids 
to disclose the amount of a bid from company A to a pre-
ferred company B on the understanding that if company B  
can equal or better the price, it will be awarded the con-
tract. While this practice, which is variously known as 
“bid shopping” or “bid peddling,” may not be illegal, it is 
certainly unethical and there have been many attempts to 
put an end to such practices in the construction industry. 
The use of bid depositories to assemble bids from sub-
trades and distribute them to prime contractors is one of 
the ways this objective has been pursued over the years.

Bid depositories have been set up at different times 
in many places by construction and trade associations 
following a variety of procedures but are generally alike 
in that they require subtrades to submit their bids at a 
specified time usually 2 days before the prime bids are 

due to be submitted. This gives general contractors time 
to properly analyze the bids and select the subtrades 
they will use in their estimate from those that submitted 
bids through the depository. Subtrades are not allowed 
to change their bids after the subtrade bid closing time, 
but they may be allowed to withdraw their bids before 
the prime bids are delivered.

In addition to helping combat the practice of bid 
shopping and reduce the last minute rush of subcon-
tractor bids to the prime contractor, the bid depository 
has also been used in some instances to introduce gener-
ally accepted definitions of the scope of work for trades 
that submit their prices through the depository. When 
trade definitions are in place and a prime contractor 
receives a price through the bid depository for a desig-
nated trade, the rules of the depository define what is 
included in and what is excluded from the work of the 
subcontractor bidding this trade. Also, together with 

Figure 13.4  Subtrade Analysis 2 Spreadsheet

SUBTRADE ANALYSIS 2

Project: Custom Home - Lennoxville Page No: 1 of 1

TRADES: Structural & Misc Metals Date:

 SUBTRADES
Anchor 
Bolts

Misc 
Metals 
Supply

Structural 
Steel  

Fabricate

All  
Steel  
Install

Painting 
Steel

Metal  
Deck  
S & I

Discount
TOTAL
PRICE

AAA Bolts $950 NIC NIC NIC NIC NIC no  ---
BBB Steel $1,050 $19,450 NIC NIC NIC NIC 10% Discount $18,450 

(If awarded both)
CCC Steel $1,200 $18,900 $240,220 NIC NIC NIC ($5,000) $255,320 

(If awarded all)
DDD Painting NIC NIC NIC NIC $15,272 NIC no  ---

EEE Steel $1,165 $24,300 $182,650 $175,000 $20,000 NIC ($4,000) $399,115 
(If awarded all)

FFF Steel NIC $25,000 $192,620 $159,000 $18,500 NIC 8% Discount $363,510 
(If awarded all)

GGG Steel NIC $27,500 $195,900 $174,900 $20,350 $87,300 20% Discount $404,760 
(If awarded all)

HHH Decking NIC NIC NIC NIC NIC $65,475 no

III Decking NIC $26,000 NIC NIC NIC $72,000 10% Discount $88,200 
(If awarded both)

Combination 1 AAA CCC EEE FFF DDD HHH  --- $443,147 

Combination 2 AAA FFF FFF FFF FFF HHH  --- $436,460 

Combination 3 AAA GGG GGG GGG GGG GGG  --- $405,710 
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the trade scope definitions, a mechanism is usually set 
up to rule on disputes over whose scope applies in situ-
ations in which an item of work is not clearly included 
in the work of any of the defined trades.

Scope of Work

If a bid depository using trade scope definitions is oper-
ating in the area where a project is to be built, anyone 
preparing a bid for the project is strongly advised to 
obtain the list of trade definitions published by the local 
bid depository. These definitions can be a valuable tool 
in the process of analyzing subtrade bids. All the subcon-
tractors submitting their bids through the bid depository 
where trade definitions are in use will base their prices on 
the same rules regarding the scope of work of their trade. 
An estimator equipped with the trade definitions will be 
able to scan the definitions to determine exactly what is 
and is not included in the bids for each trade received.

In places where bid depositories do not operate, 
trade definitions may still be available from construc-
tion associations. These provide a useful guide to what 
is acceptable locally as the definitions of subtrades’ 
scope of work. This enables the estimator to investigate 
overlap and underlap of subtrade bids far more easily 
than he or she would be able to on projects in which 
there are no trade definitions.

Following is an example of a trade scope definition 
for masonry. The reader is cautioned that this defini-
tion is provided for illustrative purposes only; it is not 
intended to be complete, and specific trade rules may 
vary from location to location.

Masonry Scope of Work

The following items shall be included in the work of the 
masonry trade:

�� Brickwork
�� Concrete blocks, glazed blocks, and glass blocks
�� Building-in of miscellaneous metals (supplied by 

others) in masonry
�� Built-in metal flashing—supplied by others
�� Caulking (other than firestopping), masonry to 

masonry
�� Cavity wall flashings behind masonry
�� Wall insulation complete with adhesives, anchors, 

and suchlike behind masonry, when masonry is the 
last component to be installed

�� Clay flue lining
�� Clay tiles
�� Cleaning masonry
�� Clear waterproofing of exterior masonry

�� Concrete and grout fill in masonry only

�� Masonry anchors and ties

�� Damp-proof course in masonry

�� Expansion and control joints in masonry or masonry 
to other materials, including caulking where it forms 
part of the expansion or control joint

�� Guarantee

�� Hoisting

�� Inspection

�� Installation only of precast concrete band courses, 
copings, sills, and heads that fall within masonry 
cladding, including supply and installation of insu-
lation and vapor barrier behind these items

�� Loose fill or foam insulation in masonry

�� Mortar

�� Nonrigid and fabric flashing when built into 
masonry

�� Parging of cavity masonry walls only when specified

�� Protection of other trades’ work from damage by 
this trade

�� Reinforcing steel placed only in masonry—supplied 
by others to the job site, clearly tagged, and identi-
fied as to end use

�� Scaffolding

�� Shop drawings

�� Stone (natural and artificial), granite, terra cotta 
facing over 2” thick, including anchorages

�� Testing of material of this trade when specifically 
called for in the masonry specifications

�� Trade cleanup

�� Weep hole and venting devices

�� Wire reinforcing to mortar joints 

The following items shall be excluded from the 
work of the masonry trade.

�� Anchor slot

�� Demolition

�� Fabrication and tying of reinforcing steel

�� Firestopping

�� General and final cleanup

�� Hoarding

�� Installation of frames

�� Lateral support devices on top of masonry walls

�� Temporary heat (including mortar shack), light, 
power, sanitation, and water

�� Temporary support and shoring for lintels

�� Welding

�� Wind-bracing 
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SUMMARY

�� Subcontractors often perform 80% or more of the 
work on building construction projects.

�� Subtrades will normally be responsible for the take-
off and pricing of their own portions of the work, 
which would appear to make it easy for the general 
contractor to price subtrade work—just call a sub-
trade for a price—but in reality it never seems to be 
quite that simple.

�� Problems with subtrade bids can result from:

1.	 Unreliable subcontractors

2.	 Errors in subtrade bids

3.	 Overlap or underlap in the scope of work 
subcontracted

4.	 Conditional subtrade bids

5.	 Bid closing congestion

6.	 Positive action programs 

�� Effective management practices are required to deal 
with subcontractors in the estimating process. This 
includes listing required subtrades, contacting pro-
spective subtrades, and ensuring subtrade require-
ments are covered.

�� Problems can also develop when the subtrade 
with the low price is unknown to the general 
contractor.

�� Contractors need to evaluate subtrades by asking:

1.	 Is the subtrade capable of meeting the quality 
and schedule requirements of its work?

2.	 Does the subtrade have the financial capability 
required? 

�� The evaluation of a subcontractor needs to consider:

1.	 The general reputation of the company

2.	 The quality of previous work performed by the 
company

3.	 The quality of the company’s management

4.	 The company’s disposition in terms of its gen-
eral cooperativeness and the ease of dealing 
with company site and office personnel

5.	 The financial status of the company 

�� One way to manage the risk of nonperforming 
subtrades is to have subtrades obtain performance 
bonds.

�� Another tool in subtrade management is the pre-bid 
subtrade proposal. This outlines for the contractor’s 
estimator the terms of the subtrade bid in good 
time before the subtrade releases its price at the last 
minute.

�� The contractor’s estimator needs to carefully ana-
lyze subtrade bids to ensure that all of the work 
required from a trade, as defined by the project 
drawings and specifications, is included for in the 
subtrade bid price.

�� Bid depositories have been set up by contractors 
and trade associations to help combat the practice 
of “bid shopping” and reduce the last-minute rush 
of subtrade bids to the prime contractor.

�� The bid depository has also been used in some 
instances to introduce generally accepted defini-
tions of the scope of work for trades that submit 
their prices through the depository. 

REVIEW QUESTIONS

	 1.	What should an estimator do when a bid is received 
from a subcontractor with a very low price, sug-
gesting that the subtrade has made an estimating 
error?

	 2.	Discuss overlap and underlap of subcontracted 
work and the problems associated with each 
condition.

	 3.	Why are condit ional bids from subtrades 
undesirable?

	 4.	How can the problem of bid closing congestion 
associated with receiving subtrade bids be reduced?

	 5.	What are the general contractor’s two main con-
cerns when a low bid has been received from a sub-
contractor who is new to the general contractor?

	 6.	What are the benefits and disadvantages to a gen-
eral contractor of having subtrades provide surety 
bonds?

	 7.	What is a pre-bid subtrade proposal, and of what 
benefit is it to the contractor’s estimator?

	 8.	What are the advantages and disadvantages of 
using a bid depository to (a) a general contractor 
and (b) a subcontractor? 
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CHAPTER 

14

PRICING GENERAL EXPENSES

 OBJECTIVES

After reading this chapter and completing the review questions, you should be able to do the following:

•	 Define general expenses.
•	 Use a checklist to identify general expense 

requirements for a project.
•	 Explain how general expense requirements 

are assessed.
•	 Describe how general expenses are 

calculated.
•	 Calculate general expenses for the following 

items: 
a.	 Site personnel
b.	 Safety and first aid
c.	 Travel and accommodation
d.	 Temporary site offices
e.	 Temporary site services

f.	 Hoardings and temporary enclosures
g.	 Temporary heating
h.	 Site access and storage space
i.	 Site security
j.	 Site equipment
k.	 Trucking
l.	 Dewatering
m.	 Site cleanup 

•	 Identify general expense items that are 
calculated as add-ons.

•	 Price the general expenses for a project using 
manual methods.

•	 Use Excel spreadsheets to list and price 
general expenses.

Introduction

The cost of labor, material, and equipment expended on 
the items that were measured in the quantity takeoffs is 
usually referred to as the “direct costs” of the work. The 
“general expenses” of a project comprise all of the addi-
tional, indirect costs that are also necessary to facilitate 
the construction of the project. These indirect costs are 
sometimes titled General Requirements of the Project or 
Project Overheads.

There are an enormous number of possible general 
expense items on a project. The General Expense sheet 
presented in Figure 14.1 provides a summary of some 
of the more common items of general expenses. On a 
small to medium-sized project, this General Expense 
sheet can be used as a checklist that allows the esti-
mator to choose those items that are required on the 
project under consideration. The items selected can then 
be priced either by inserting the prices and calculating 
the total costs manually or by setting up the general 
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Figure 14.1  General Expense Sheet (Delmar/Cengage Learning)

	 PROJECT:	
	 LOCATION:	
	 DATE:		  GENERAL EXPENSES
	 ESTIMATOR:	
	 JOB DURATION:	

	 QUANTITY	 U/RATE	 LABOR	 U/RATE	 MATL.	 U/RATE	 EQUIP.	 U/RATE	 SUB.	 Other	 TOTAL
DESCRIPTION	 UNIT	 LAB.	 $	 MATL.	 $	 EQUIP.	 $	 SUB.	 $	 $	 $

Superintendent
Site Engineer
Safety Coordinator
Timekeeper
Watchman
Accountant
Surveyor
Layout
First Aid

Travel—Field
Travel—Head Office
Room & Board

Tel: Charges
Elect: Hook-up
Elect: Charges
Temp. Water
Temp. Hoardings
Temp. Heat

Temp. Office
Office Supp.
Office Equipment
Temp. Toilet

Temp. Roads
Storage
Security

Site Equipment
Trucking
Dewatering
Saw Setup

Job Signs
Testing
Current Cleanup
Final Cleanup
Warranty
Cash Allowances

                  TOTALS TO SUMMARY:

99395_ch14_ptg01_254-274.indd   255



256	 CHAPTER 14    PRICING GENERAL EXPENSES

expenses summary on a computer spreadsheet and 
allowing the computer to perform the applicable calcu-
lations. On larger projects, a more comprehensive list of 
items may be required.

Some general expense items are mentioned in  
Division 0, Bidding & Contract Requirements, and 
others in Division 1, General Requirements, of the CSI 
MasterFormat, but many items are not found anywhere 
in the specifications. Nonetheless, these unlisted items 
can still be indispensable to the completion of the proj-
ect. Also, general expense items are not usually detailed 
on drawings even though items such as scaffolding and 
temporary enclosures can be substantial structures in 
their own right. The assessment of the extent of general 
expense needs for a project, together with the design of 
any temporary structures required is normally the gen-
eral contractor’s responsibility alone.

Because most general expense items are not referred 
to in the project specifications and because of the lack 
of details on contract documents regarding temporary 
structures, the estimator needs considerable construc-
tion knowledge and experience to first of all determine 
which general expense items are required for the proj-
ect and, second, to accurately price these requirements. 
The price of general expenses can be a substantial 
component of the bid, amounting to 15% and more 
of the total price in some cases. Accurate assessment of 

general expenses can be critical to the competitiveness 
and financial success of the venture, so many estima-
tors, including highly experienced veterans, consider it 
beneficial to consult with other staff about the general 
expense demands of a project.

Job superintendents, project managers, and other 
senior company personnel can usually help with the 
appraisal and pricing of general expenses, especially 
when site facilities and equipment are being considered. 
There are often several alternative ways of providing 
general expense facilities on a project, and discussions 
can sometimes yield solutions that are more competitive 
or more effective than those elicited by the estimator 
working alone. Some companies go so far as to make 
it a policy that a team of senior staff meet and consider 
the general expense needs of all major projects.

General expense requirements are assessed by 
examining the plans and specifications and considering 
the amount of work involved in the project as measured 
in the takeoff process, so the task of estimating general 
expense prices can begin only when the quantity take-
offs are complete. However, some general expenses can-
not be priced until the total price of the work is deter-
mined. These items are separated from the other general 
expense items and are priced at the end of the estimate 
as “add-ons.” Figure 14.2 contains a list of some gen-
eral expense add-on items.

Figure 14.2  Selection of General Expense Add-Ons (Delmar/Cengage Learning)

GENERAL EXPENSE ADDONS

	 METHOD OF 	 BASED ON 
	 DESCRIPTION	 CALCULATION	 $

Small Tools and Consumables	 Percentage	 Part Labor or Total Labor

Safety	 Percentage	 Total Labor

Wage Increase	 Percentage	 Part Labor or Total Labor

Overtime Premium	 Percentage	 Part Labor or Total Labor

Payroll Additive	 Percentage	 Total Labor

Materials Sales Tax	 Percentage	 Total Materials

Building permit	 Percentage or Step Rate	 Total Bid

Surety Bonds	 Percentage or Step Rate	 Total Bid

Insurance  - Builder’s risk	 Percentage	 Total Bid

- Liability	 Percentage	 Total Bid

Financing	 Percentage or Lump Sum	 Part or Total Bid

Contractor’s Fee	 Percentage or Lump Sum	 Total Bid

Value Added Tax	 Percentage	 Total Bid
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Project Schedule

A realistic schedule of the project work is necessary at 
the time of the estimate because one of the principal  
variables that determine the cost of general expense 
items is the duration of the project. Also, the project 
duration specified by the contractor in the bid is often 
considered by owners when they select the contractor. 
Sometimes the owner is looking for the shortest possi-
ble project duration, in which case the contractor with 
a better schedule may win over a lower-priced bidder.

When the quantity takeoff is complete, a reli-
able schedule of the contractor’s work can be prepared 
based on anticipated crew productivities, but this would 
address only a small portion of the project work since 
the greater part of the work is usually subcontracted. The 
contractor does not normally measure the subtrade work, 
so information about subtrade quantities and prices will 
not be available until subcontractor bids are received. As 
we have seen in Chapter 13, subtrade quotes are gener-
ally not obtained until shortly before the prime contrac-
tor’s bid closes. Because of this, and the time constraints 
of the estimating process, detailed scheduling techniques 
such as critical path method are not a practical means 
of preparing schedules at the time of the estimate; more 
approximate methods have to be resorted to.

One approach taken by many contractors is to sim-
ply search previous job records for a project of size and 
type similar to the one being estimated and use the actual 
duration of the past project as a guide to the duration 
of the new project. When a contractor repeatedly builds 
projects of a similar description, this technique can 

produce quite accurate results. If detailed information 
has been kept about the time taken to complete the work 
of each of the various trades involved in previous proj-
ects, a fairly sophisticated schedule of the future project 
can be produced.

Even when the new project is of a different type or size 
from the contractor’s previous projects, an approximate 
schedule in the form of a bar chart of the major activities 
can often still be drafted. From the information contained 
in the plans and specifications together with details from 
the takeoffs of the amount of work involved in the proj-
ect, veteran supervisors can usually put together at least 
a rough schedule based on their experience on past jobs.

An example of a bar-chart schedule prepared for an 
estimate is shown in Figure 14.3. This kind of sched-
ule can be roughed out in just a few minutes by using 
a computer spreadsheet template that has been previ-
ously set up for the purpose. The first draft of the esti-
mate schedule can be based on mere guesswork but the 
durations of key trades, such as steel work and masonry 
work in the example shown, can be updated as infor-
mation becomes available from subcontractors when 
they complete their estimates.

Site Personnel

The estimated cost of site personnel is one of the numer-
ous general expense items that is directly proportional 
to the duration of the project. After a list of the site 
personnel required on the project is compiled, the price 
of this item is determined by multiplying the monthly 

  PROPOSED SCHEDULE
Office/Warehouse

Dates: June July August September October November December
ACTIVITIES 3 2 5 3 1 4 2

Weeks: 2 3 4 5 6 7 8 9 011 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Obtain Building Permit
Order Metal Building
Mobilization
Foundations
Erect Steel
Masonry
Roof
Siding
Exterior Doors and Windows
Floor Slabs
Interior Finishes
Mechanical
Electrical
Paving
Landscaping
Close Out and Cleanup
Contingency

Figure 14.3  Sample Bar-Chart Schedule for an Estimate (Delmar/Cengage Learning)
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payroll cost of the personnel on the list by the number 
of months they are required to be on the project.

The site personnel needs of a project can vary enor-
mously. A part-time supervisor may be all that is called 
for on a small project, while a staff of 20 people or 
more may be required on a large project.

The most common members of a construction 
company’s site staff are listed at the top of Figure 14.1. 
The estimator should be able to price the needs of most 
small- and medium-sized projects by selecting from  

this list. On larger projects, additional specialized site 
staff may be required. Figure 14.4 provides a more com-
prehensive list of possible site staff that should be ade-
quate for almost any size of project.

The wages used to price site staff may or may not 
include payroll burden (the cost of fringe benefits). Estima-
tors should follow a standard practice regarding payroll 
burden. If it is not firmly established whether net wages 
or gross wages are used in the pricing process, it can be 
very easy to make an overpricing or underpricing error.  

Figure 14.4  Comprehensive List of Possible Site Staff (Delmar/Cengage Learning)

	 PROJECT:	
	 LOCATION:	
	 DATE:		  SITE PERSONNEL
	 ESTIMATOR:	
	 JOB DURATION:	

			   U/RATE	 LABOR
	 DESCRIPTION	 QUANTITY	 UNIT	 LABOR	 $

Project Manager

Superintendent

Assistant Superintendent

General Foreman

Safety Coordinator

Surveyor

Survey Helper

Site Engineer

Quantity Surveyor

Estimator

Expeditor

Inspector

Accountant

Purchasing Agent

Timekeeper

Administrator

Watchman

Secretary

Driver

Janitor

	 TOTAL TO SUMMARY
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In the examples that follow, net wage amounts are used to 
price site personnel and the total amount for site person-
nel is added to the rest of the labor cost of the estimate. 
An allowance for payroll burden is subsequently added to 
the total labor amount at the end of the estimate.

Safety and First Aid

In this item, we consider the cost of meeting general 
safety and first aid requirements at the site. Safety 
requirements for a project may include one or more of 
the following expenses:

	1.	 The cost of workers’ time when attending safety 
meetings

	2.	 The cost of workers’ time when engaged in other 
safety-related activities

	3.	 The provision of safety awards on the project

	4.	 The provision of safety supplies at the site

These expenses are often covered by means of an 
add-on included on the estimate summary sheet. See 
Chapter 15.

The work required to be executed in order to com-
ply with safety regulations on a project is usually mea-
sured in the takeoff process together with the rest of 
the work of the project. Examples include cutting back 
excavation embankments and providing shoring to the 
sides of deep trenches, which are taken off and priced 
with the excavation work, and installing safety guard 
rails on the edge of a slab-forming system, which will 
normally be included in the cost of the formwork sys-
tem. But there may be activities on a job that are purely 
safety related and are not part of any particular work 
item. Workers’ time spent attending safety meetings or 
taking safety courses are examples of this kind of safety 
activity. The estimator, generally by reviewing records 
of previous projects, has to anticipate how much labor 
time will be spent on these safety matters.

Safety supplies such as hard hats, lifelines, flota-
tion devices, special safety clothing, and suchlike are 
expended during the course of construction activities. 
Some companies include the cost of these items in the 
“Small Tools and Consumables” item in the add-ons; 
other companies prefer to estimate these costs sepa-
rately. The estimator should determine company policy 
and work accordingly.

First aid expenses can be divided into two basic 
categories:

	1.	 The cost of providing on-site first aid supplies

	2.	 The cost of personnel engaged in administering first 
aid services at the site 

Occupational Health and Safety Regulations require 
construction sites to have first aid kits sufficient to meet 
the needs of the project. It is necessary to estimate the 
cost of supplies used up over the course of the work. This 
is usually done by investigating the amounts expended 
on first aid supplies on past jobs from project records.

Regulations also call for persons qualified to 
administer first aid to be present on construction sites. 
Trades people and site staff who have obtained first aid 
training can meet requirements on sites up to a certain 
size. But when a carpenter with a first aid ticket spends 
an hour providing first aid to a fellow worker, the cost 
of that hour will rightly be charged to the project first 
aid budget, so an estimate of the total number of hours 
administering first aid is required in order to establish 
the budget. On larger jobs this task is easier for the esti-
mator (but more expensive for the contractor) because 
regulations often require that a full-time paramedic or 
nurse be employed on-site. The estimator simply cal-
culates the total wage bill for the time that person is 
needed on-site.

In order to properly estimate the cost of these first 
aid provisions, the estimator needs to be familiar with 
the particular Occupational Health and Safety Regula-
tions that apply to the project. For example, some reg-
ulations specify that a registered nurse shall be in full-
time attendance at an industrial construction site where 
the number of on-site workers exceeds 200. This type 
of requirement has to be carefully considered because 
the cost of paramedics or nurses would be a significant 
expense on a long-term project.

Travel and Accommodation

Travel and accommodation expenses for work crews 
and staff employed on out-of-town projects can amount 
to substantial sums on projects that cannot be staffed 
by local residents. The following charges are included in 
this category.

	1.	 Travel expenses for site staff

	2.	 Room and board expenses for site staff

	3.	 Travel expenses plus possible travel time allowances 
for the project workforce

	4.	 Room and board or camp costs for the project 
workforce

	5.	 Travel and other expenses incurred by head office 
staff on visits to the project site 

The amounts paid for travel and accommodation 
depend on the employment agreements that are in 
place. When unionized labor is employed, the collective 
agreement with each union will generally include details 
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of the specific methods of calculating travel expenses 
that have been agreed on. Details vary from one union 
contract to another, so the estimator has to be prepared 
to investigate the requirement of each union agree-
ment that applies to the different trades employed on 
the project. This may result in a separate calculation of 
travel expenses for each trade involved.

With nonunion labor there are usually com-
pany policies in place that deal with travel allowances 
paid to employees. Here again allowances may vary 
from one employee grade to another. Whether union 
labor or nonunion labor is employed, there are often 
alternative methods of allowing for travel expenses.  
Figure 14.5 illustrates the possible travel expense  

Figure 14.5  Travel Expenses Calculations (Delmar/Cengage Learning)

TRAVEL EXPENSES

NOTES:

1.  The site of the project is located 100 miles from the contractor's home city.
2.  The duration of the project is expected to be 50 weeks.
3.  Labor agreements call for payment of travel expenses of $0.50 per mile.
4. � Travel time also has to be paid to workers at the rate of 1 minute per mile traveled at their 

regular wage rate.
5.  There are to be 2 site staff on the project who are paid travel expenses but not travel time.

Preliminary Calculations

Total Project Labor: This is obtained from the estimate: $652,800.00 

Average Labor Wage: ................ $47.50 per hour

Total Project Labor-hours:  $652,800/$47.5 = 13,743 labor-hours

Total Project Labor-days:  13,743 hours/8 hours/day = 1,718   labor-days

Project Duration in Days:  50 weeks x 5 days/week less 10 holidays = 240      days

Average Labor Force:  1,718 Labor-days/240 days = 7          workers

Alternative 1:  Workers are paid travel expenses and travel time to drive to the site daily.

Total Miles Traveled: 7 workers x 240 days x 200 miles = 336,000 miles

Travel Expenses: 336,000 miles x $0.50 = $168,000.00 

Travel Time: 336,000 miles x 1 mins./60 mins. x $47.50 = $266,000.00 

Payroll Additive: 45% of $266,000.00 = $119,700.00 

Total Alternative 1: $553,700.00

Alternative 2: �Workers are  paid travel time and expenses for a round trip once a week to the site, plus a weekly 
allowance for accommodation near the site.

Total Miles Traveled: 7 workers x 50 weeks x 200 miles = 70,000 miles

Travel Expenses: 70,000 miles x $0.50 = $35,000.00 

Travel Time: 70,000 miles x 1 mins./60 mins. x $47.50 = $55,416.67 

Payroll Additive: 45% of $55,416.67 = $24,937.50 

Room and Board Allowance: 7 workers x 50 weeks x $800.00/week = $280,000.00 

Total Alternative 2: $395,354.17

Expenses for Site Staff

Travel Expenses: 2 staff x 50 trips x 200 miles x $0.50 = $10,000.00

Room and Board Allowance: 2 staff x 50 weeks x $800.00/week = $80,000.00

Total Staff Expenses: $90,000.00

Expenses for Head Office Staff

This is based on an average of 1 head office staff member visiting the site each week:

Travel Expenses: 50 weeks x 200 miles x $0.50 = $5,000.00

Meals: 50 trips x $100.00/trip = $5,000.00

Total Head Office Staff Expenses: $10,000.00
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calculations for staff and workers on a project located 
100 miles out of town. In this example, paying the crew 
travel expenses and travel time for a weekly round-trip 
from the city to the site plus an allowance for room and 
board per week is the least expensive alternative. But 
clearly, using local labor offers considerable savings 
over paying travel expenses to city workers. Even the 
lower-price alternative in the example has the effect of 
almost doubling the labor cost of the project.

Temporary Site Offices

The requirements for temporary site office accommo-
dation will vary a great deal depending mostly on the 
size of the project to be constructed. On a very small 
job there may be no need for any temporary buildings 
on-site. The project supervisor is said to run the job 
from his or her pickup truck in these situations. In con-
trast, large projects can call for a multitude of buildings 
to be set up on or near the site for the duration of the 
project. The temporary site office cost can include any 
or all of the following items:

	1.	 Rentals: office trailers, lunch rooms, tool lockups, 
and toilets

	2.	 Costs to move trailers in and out

	3.	 Office furniture

	4.	 Stationery supplies

	5.	 Fax machines

	6.	 Copying machines

	7.	 Computers, printers, and related equipment

	8.	 Office heating costs

	9.	 Office utility costs

	10.	 Janitorial services

	11.	Catering facilities 

In addition to offices and other trailers set up to 
meet the needs of the contractor on-site, the project 
contract documents may call for the contractor to 
provide office facilities for the use of the design con-
sultants and their project site staff. The consultants’ 
offices are usually required to be fully equipped and 
serviced by a phone line that is separate from the con-
tractor’s line.

Office accommodation for the project staff can 
be provided by alternatives other than the usual site 
trailers. In fact on some projects limited space on-site 
may necessitate the use of alternative arrangements. 
There might be existing buildings on or near the site 
of the work that could provide office or storage space. 
Rental rates for floor space in some buildings can be 

quite comparable to the cost of trailers and, although 
there might be a cost to set up offices in these spaces, 
the expense of hauling trailers will be avoided.

On some projects the owner is able to provide quar-
ters that meet the office and storage space needs of the 
contractor. These might be available in a building near the 
project site, or, when the project involves the construction 
of a building, the project building itself may provide the 
required accommodation when it reaches a certain stage. 
It is important to determine whether the contractor or the 
owner will pay heating, utilities, and other such expenses 
in connection with the use of these premises.

Regarding the provision of catering facilities, on 
small- to medium-sized projects the contractor often 
relies on coffee trucks to supply snacks and refresh-
ments to the site. Vending machines can be set up in a 
lunch room; these may provide a small source of rev-
enue to the general contractor that can offset the cost 
of providing the lunch room. On large projects a cafe-
teria facility could be established on-site. Again, if this 
is efficiently organized, there should be some revenues 
generated to compensate for the cost of setting up and 
running the service.

Catering facilities may be required by the owner under 
the provisions of the contract, or the contractor may see 
some benefits in providing this service for the site work-
force. Whichever is the case, the estimator needs to inves-
tigate the particulars and cost of any licenses and fees 
required to set up a site-catering facility. The requirements 
of health regulations in connection with catering facilities 
especially need to be considered.

Often there will also be health department rules to 
comply with regarding temporary site sanitary facilities. 
Contractors often use portable chemical toilets to meet 
these needs. In some situations, toilets that are con-
nected to the sewer system and equipped with adequate 
plumbing may be necessary.

Temporary Site Services

A number of site services are usually required in order 
to pursue construction operations on a project. Site ser-
vices include the following items:

	1.	 Water services

	2.	 Electrical services for power and lighting

	3.	 Sanitary and storm sewer services

	4.	 Telephone services 

In each case there is usually an installation cost to 
extend the particular service to the site, and a cost for 
the resources consumed during the course of construc-
tion operations. Installation costs vary widely according 
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to how far the services have to be brought to reach the 
site. The information about which services are available 
on-site and which have to be brought in from afar may 
be provided in the bid documents, but often this is only 
available from a thorough investigation of the site. See 
Chapter 2 for a discussion of site investigations.

If telephone services are required at a site, calculate 
costs from information obtained from the phone com-
pany and project information gathered in the site inves-
tigation about the location of existing services nearby. 
However, most jobs these days can get by with the use 
of cell phones; only on the largest projects or on remote 
projects do you need to consider site phones.

The cost of the electricity used to meet the general 
power and lighting needs of the job is most often esti-
mated by once again using the historic costs of the item 
on previous projects as a basis for making a prediction 
about future expenses.

Hoardings and Temporary 
Enclosures

Hoardings and temporary enclosures may be con-
structed on a project in response to specific instructions 
of the contract documents, or they may be required as 
a result of the contractor’s own assessment of what is 
needed for the project. This is another item that can 
often be better evaluated if some of the contractor’s 
senior personnel take the time to discuss the require-
ments of the job with the estimator. There is a wide 

variety of different temporary structures that could  
possibly be needed on a project, including:

	1.	 Fences or barricades set up around the perimeter of 
work areas

	2.	 Covered walkways and supports for overhead 
office and storage trailers

	3.	 Access stairs and railings up to overhead offices 
and down to bottoms of deep excavations

	4.	 Temporary enclosures built over work areas to pro-
vide protection or to allow the areas to be heated

	5.	 Temporary covers and barricades to slab openings, 
stairways, and elevator shaft openings

	6.	 Temporary covers to the exterior openings of build-
ings to improve security or to allow the building to 
be heated

	7.	 Temporary partitions or dust curtains erected in or 
around a building to confine the debris and noise of 
construction operations

	8.	 General protection of existing structures on or 
adjacent to the work site 

In each case the total cost of work includes the 
cost of materials, labor, and any necessary equipment 
required to erect the structures involved, plus the cost of 
taking down and removing the materials from the site 
after their use.

Figure 14.6 shows the sketch of a temporary enclo-
sure erected over a building under construction to provide 

Figure 14.6  Temporary Enclosure Details (Delmar/Cengage Learning)
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a heated work area in winter conditions. Lightweight 
joists are supported on 2 3 6 stud walls on the exterior 
and 4 3 4 posts supporting double 2 3 10 beams on the 
inside. All of the lumber will be used many times over so 
its unit cost will be low, and the joists will be rented only 
for the time they are required for use on the enclosure.

A takeoff of the work involved in this enclosure 
together with prices for materials and labor to erect and 
dismantle the items involved is shown in Figure 14.7.

Air support structures rented for the time needed 
on-site have proved to be a viable alternative on some 
projects to the kind of temporary structures described here.

Temporary Heating

Temporary heating can be divided into three categories:

	1.	 Heating provided in localized areas to allow opera-
tions like masonry to continue in cold weather

	2.	 Heating a temporary enclosure

	3.	 Heating the building to allow the finishing trades to 
complete their work 

Items 1 and 2 are usually achieved by the use of por-
table space heaters that are oil, gas, or propane fueled. 

This type of heater may also be used for item 3, or the 
contractor may be allowed to use the building’s perma-
nent heating system, if it is operational.

Two costs need to be estimated when pricing these 
items: (1) the rental rate or ownership costs of the por-
table space heaters used and (2) the cost of fuel con-
sumed, both of which depend on the duration of the 
heating period and the amount of heat required. There 
will also be labor costs for maintenance and operation 
of heaters, but this cost should be considered with the 
other site personnel expenses considered previously.

If the contractor proposes to use the permanent 
heating system of a building as a source of temporary 
heating during construction, the estimator should con-
tact the mechanical subtrade responsible for installing 
the heating system since there may be costs in addition 
to fuel costs to take into account.

Figure 14.8 shows the calculation of the temporary 
heating expenses to provide heat for a period of 30 days 
to the temporary enclosure detailed in Figure 14.7. This 
estimate is based on a heat consumption rate of 100 
BTUs per cubic yard of space heated per hour, which is 
an estimate of the amount of heat required to maintain 
acceptable working conditions inside the enclosure. 
The actual heating rate encountered on the project can 

Figure 14.7  �Temporary Enclosure Labor and Material Prices  
(Delmar/Cengage Learning)

TEMPORARY ENCLOSURE

Take-Off

Light-weight Joists:	 (300.0/4.0) + 1 = 76 joists 3 3 rows	 =	      228  No.
Posts & Beam:	 2 3 300.0			   =	      600  LF
Stud Walls:	 2 3 300.0 3 10.0	 =	   6,000
	 2 3   60.0 3 10.0	 =	   1,200	 =	   7,200  SF
			 

Plastic Covering:	 Walls:		    7,200
	 Roof: 300.0 3 60.0	 =	 18,000	 =	 25,200
			  	 Add 10% for laps:				      2,520
					   
					     27,720  SF

			   U/Rate	 Labor	 U/Rate	 Materials	 Total
        ITEMS	 Quantity	 Unit	 Lab.	 $	 Matl.	 $	 $

Lightweight Joists	      228	 No.	 $35.00	   7,980	 $50.00	 11,400	 19,380

Posts & Beam	      600	 LF	 $  7.50	   4,500	 $  2.50	   1,500	   6,000

Stud Walls	   7,200	 SF	 $  2.00	   14,400	 $  1.50	  10,800 	 25,200

Plastic Covering	 27,720	 SF	 $  0.15	   4,158	 $  0.10	 2,772	   6,630

   Total Price:				    31,038 		  26,472	 57,510
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vary over a wide range of possibilities depending on the 
quality of the enclosure, the air temperature outside the 
enclosure and wind conditions; these are all difficult to 
accurately predict. Because of this uncertainty, there is 
a large amount of risk attached to estimates of heating 
costs; the estimator and the contractor’s management 
should alert themselves to this risk.

Site Access and Storage Space

Considerations of site access and storage space are 
grouped together because the two are often intercon-
nected. For instance, a city center site may have excel-
lent accessibility but little or no storage space on-site, 
whereas more than adequate storage space may be avail-
able on an out-of-town job but access to the site may be 
limited to a dirt road. These items need to receive care-
ful attention on the site visit if an accurate assessment 
of access and storage problems is to be made.

In some cases, roads or storage space may have to 
be cleared and constructed for the project. These require-
ments will usually be detailed in the contract specifica-
tions. On other jobs access roads may be in place but the 
cost of maintaining these roads may need to be estimated. 
Gravel roads must be graded from time to time, and 
paved roads may require cleaning or even repairs if they 

are seriously soiled or damaged by traffic to and from the 
project.

Municipal bylaws in some localities have imposed 
liability on contractors regarding cleanup and resto-
ration of city pavements affected by construction oper-
ations. The estimator should check into the regulations 
that apply to the project as the cost of cleaning up roads 
can be expensive after trucks have left long trails of 
mud from a wet site.

The problem of lack of space on congested sites for 
trailers, storage, and parking can be difficult to solve. 
Contractors have sometimes been able to utilize space 
on the streets next to the site with municipal approval 
and on payment of the necessary fees. Alternative solu-
tions have included renting space on vacant lots adja-
cent to or, at least, near to the site; building temporary 
storage platforms over streets and sidewalks; and, 
where a waterway is near to a site, renting barges to 
use for storage. The problem has to be confronted at 
the time of the estimate so that the price of the chosen 
remedy can be determined and included in the bid price.

Site Security

Project specifications may spell out security require-
ments for the job that can vary anywhere from the 

Figure 14.8  �Cost of Heating a Temporary Enclosure 
(Delmar/Cengage Learning)

 TEMPORARY HEATING

Notes:

1.  A temporary enclosure of size: 300'-0" x 60'-0" x 8'-0" is to be heated for a period of 30-days.

2.  Heating is required to be continuous 24-hours per day at the rate of  100 BTUs per CY per hour.

3.  Heating is to be provided by propane heaters with an output of 200,000 BTUs per hour.

4.  Heaters are rented for $100.00 per week and propane is available for $ 2.40 per gallon.

5.  A gallon of propane provides 90,000 BTUs of heat.

Calculation:    Cost

Volume to be Heated:    300'-0" x 60'-0" x  8'-0" = 144,000 cu. ft.

= 5,333 CY

Heat Required:    5,333 CY x 100 BTUs per hour    = 533,333 BTUs/hour

Heater Rental Cost: 533,333  =   3 Heaters x $100.00/week x 4 weeks = $1,200.00

200,000

Propane Consumption:  533,333 x 30 days x 24 hours        = 384,000,000 BTUs

Propane cost:  384,000,000        x     $2.40 = $10,240.00
90,000

Total Heating Cost: $11,440.00
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provision of a site fence to an elaborate continuous 
surveillance system incorporating personal I.D. cards 
for site personnel and security checks on all persons 
and vehicles passing through the site gates. Clearly, 
the more sophisticated security systems are the prov-
ince of organizations that specialize in this work. Such 
companies would be hired as subcontractors to pro-
vide the necessary services where they are required on 
the project. When this is the case, the estimator should 
investigate what the security company requires from 
the contractor if this is not clearly defined in the spec-
ifications. Requirements can include special site fenc-
ing, gates, and, possibly, guard houses at the gates in 
some cases.

When specifications are silent on security require-
ments, the contractor will have to decide what measures 
are to be taken in this regard for the project. In some 
cases there is a trade-off between the cost of losses and 
the cost of security. Installation of an inexpensive alarm 
system on offices and trailers may be sufficient, or just 
commonsense precautions taken by supervisors and 
workers during the course of the work may be all that is 
necessary on certain projects.

Aside from specification conditions, the contractor 
may have to consider requirements of its insurance com-
pany and the recommendations of local law enforce-
ment agencies when reviewing site security needs. But 
whatever the situation is, decisions have to be in place 
before the estimator can to put a price on them.

Site Equipment

The equipment used on the project is priced in three 
different sections of the estimate using three different 
pricing methods:

	1.	 Major items of equipment used in excavation and 
concreting operations are priced under the recaps 
of that work. This category of equipment includes 
items such as excavators, bulldozers, graders, roll-
ers, concrete buggies, and concrete pumps. As we 
have seen in Chapters 9 and 10, these items are 
priced using rental rates or ownership costs against 
the hours the equipment is used on-site.

	2.	 Hand tools and other items of equipment valued at 
less than $1,000 each are priced at the end of the 
estimate as a percentage of the total labor price of 
the estimate. See “Small Tools and Consumables” 
following.

	3.	 Items of equipment kept at the site, sometimes for 
extended periods, and used only intermittently 
during its time on-site compose a category of equip-
ment priced with the general expenses, and it is this 
equipment that we will consider here. 

Some of the more common items of site equipment 
include:

•	 Table saws

•	 Radial-arm saws

•	 Plate compactors

•	 Jumping jack compactors

•	 Air compressors

•	 Pneumatic tools and attachments

•	 Generators

•	 Concrete vibrators

•	 Surveying instruments

•	 Welders

•	 Hoists and cranes

•	 Cement and mortar mixers

•	 Forklifts 

From the contractor’s list of site equipment, the 
estimator selects the pieces required for the job and 
prices each item by multiplying its price rate by the 
length of time the item is to be assigned to the project. 
An amount may also be added to cover the cost of fuel 
and maintenance expenses on this equipment.

Tower Crane

Major items of equipment such as hoists and cranes 
can have many other costs associated with them such 
as rigging, setup, and dismantling expenses that also 
have to be accounted for. Figure 14.9 illustrates the 
calculation of the estimated full cost of providing a 
tower crane on a project.

For this example, the project consists of a 10-story 
building and the tower crane is to be of the climbing 
type set up in an elevator shaft. As shown on the exam-
ple estimate, there are many prices to consider in addi-
tion to the basic rental and operating costs of the crane.

The crane rises as the building rises under con-
struction, and the loads on the crane are transferred to 
the floors adjacent to the crane. As a result, these adja-
cent floors have to be shored to safely carry the loads 
applied to them. The costs of the shores and labor to 
set them up and take them down are added into the 
total cost. Mobile cranes are utilized in the erecting and 
dismantling of this crane. The cost of this work can be 
substantial as a very large mobile crane is often needed 
for the dismantling operation.

Electrical consumption costs may be calculated 
by applying a rate per horsepower hour to the length 
of time the crane is in use on the project; however, by  
simply utilizing the historic record of crane electrical 
consumption, an estimate that is probably equally as 
accurate can be obtained.
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Figure 14.9  Tower Crane Costs Calculation (Delmar/Cengage Learning)

PROJECT:

LOCATION:   TOWER CRANE COSTS
DATE:

ESTIMATOR:
DURATION ON SITE:

QUANTITY U/RATE LABOR   U/RATE MATL. U/RATE EQUIP. TOTAL  
DESCRIPTION UNIT LAB.    $ MATL.   $ EQUIP.   $ $      

1. Move in Cost 1 No. $1,000.00 1,000         -- -- $1,000.00 1,000 2,000         

2. Unloading at Site 1 No. $400.00 400            -- -- $500.00 500 900            

3. Base for Crane/Rigging 1 No. $3,000.00 3,000         $2,000.00 2,000 -- -- 5,000         

4. Erecting Costs 1 No. $6,000.00 6,000         -- -- $4,000.00 4,000 10,000       

5. Rental 12 Mo. -- -- -- -- $20,000.00 240,000 240,000     

6. Jacking 5 Lifts $480.00 2,400         -- -- -- -- 2,400         

7. Post shores 10 Floors $200.00 2,000         $100.00 1,000 -- -- 3,000         

8. Crane operator 12 Mo. $9,000.00 108,000     -- -- -- -- 108,000     

9. Floor Openings     N/A - Crane erected in elevator sha -- -- -- -- --

10. Work Platforms 5 No. $400.00 2,000         $400.00 2,000 -- -- 4,000         

11. Crane Repairs Nil -- -- -- -- -- -- --

12. Dismantle and Remove 1 No. $8,000.00 8,000         -- -- $8,000.00 8,000 16,000       

13. Oil and Grease Nil -- -- -- -- -- -- --

14. Electrical Costs:
- Install Service 1 No. $1,000.00 1,000         -- -- -- -- 1,000         
- Consumption 12 Mo. -- -- $500.00 6,000 -- -- 6,000         

15. Testing Nil -- -- -- -- -- -- --

TOTALS TO SUMMARY: 133,800 11,000 253,500 398,300     
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Note that the labor prices in this example are net 
of payroll additive, which would be applied to the 
total labor content of the bid price at the end of the 
estimate.

Trucking

This item concerns the cost of providing the inciden-
tal trucking on a project associated with minor items 
of equipment and small material orders that need to be 
transported to or from the job site. However, the trans-
portation cost for shipping large items of equipment is 
best dealt with when the cost of the equipment is esti-
mated. This was done in the case of major excavation 
equipment and the town crane that have been previ-
ously considered in the text.

Trucking requirements vary with the size and type 
of project under construction. On small to medium-sized 
projects, the trucking requirements may call for no more 
than use of the project supervisor’s pickup truck. On 
projects that are spread over a large area, there may be 
a need for a larger truck or multiple trucks for the pur-
pose of transporting materials and equipment from one 
area of the site to another.

Dewatering

“Dewatering expenses” refer to the cost of remov-
ing water from excavations and in some cases 
from the basements of projects under construction.  
The usual method of dewatering makes use of submers-
ible electric pumps and hoses, but more elaborate tech-
niques are available, including the well-point system  
of dewatering.

Sometimes when the need for dewatering is quite 
evident to the project designers, the specifications and 
drawings will provide details of a particular system to 
be used in the work. More often, however, the topic of 
dewatering is not discussed other than in very general 
terms in the specifications, and the contractor is simply 
left to allow for what is considered necessary to control 
moisture conditions in the work areas.

This is yet another region of great uncertainty 
and, consequently, high risk in the estimate. On proj-
ects where a large amount of pumping is expected, 
very little may ultimately be needed, and where little 
or no moisture was anticipated on a job, extensive 
dewatering can turn out to be necessary. These errors 
in judgment are possible even after diligent investiga-
tions of the site, previous conditions encountered in 
the vicinity of the work, and careful study of all avail-
able soils reports.

Site Cleanup

Site cleanup is generally divided into two categories: the 
ongoing daily cleanup expenses and the final cleanup 
expenses. The daily cleanup expenses include the cost 
of renting large garbage containers and the cost of 
constructing and later taking down temporary gar-
bage chutes on the project. This expense item does not 
include the labor cost of the cleanup required in con-
nection with the work of the project. The cost of clean-
ing up after the concrete work, for instance, should 
be included in the total estimated cost of the concrete 
work, and, under the terms of subcontracts, subtrades 
are made responsible for any cleanup necessary after 
their own work and the cost is to be included in that 
subtrade’s price for its work.

The final cleanup expenses include all the costs 
involved in getting the work site ready for handing 
over the finished project to the owner. This will involve 
cleaning floors, fixtures, and windows when the project 
is a building. The work is usually subcontracted to a 
company that provides this cleaning service on the basis 
of a price per square foot of gross floor area.

Miscellaneous Expenses

There are many types of general expenses that an esti-
mator may not encounter as often as those just con-
sidered but that, nonetheless, do need to be considered 
on some projects. While it is impossible to make an 
exhaustive list of these miscellaneous expenses, some of 
the more common items are as follows:

	1.	 Layout—This is an allowance for the cost of help-
ers assisting a surveyor, an engineer, or the project 
superintendent with survey work involved in set-
ting out the lines and levels of the project.

	2.	 Snow Removal—Contractors operating in north-
ern areas often find that this can be a significant 
expense on the project.

	3.	 Saw Setup—When formwork and carpentry work 
are fabricated at the site, the contractor often builds 
a temporary enclosure for the main table saw or 
radial-arm saw. The cost to build and later remove 
the enclosure together with any other expense to set 
up the saw is priced in this item.

	4.	 Photographs—Specifications may occasionally call 
for professionally produced photographs of the 
project as it is constructed. In that case it would 
be necessary to include the price of photographers 
who perform this work. If this is not required, then 
pictures taken with an inexpensive camera at the 
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site are all that are needed to assemble a photo-
graphic record of progress of the work.

	5.	 Project Signs—The signs displayed outside the site 
of a project can vary from a small advertisement of 
the name of the general contractor to large, elab-
orate placards depicting artist’s renderings of the 
finished project and listings of the names of all the 
major participants in the project. Site signs will 
normally be specified in the contract documents 
outlining in detailed or general terms the owner’s 
requirements. Sign painters are usually hired to 
produce the signs, which are then installed by the 
prime contractor.

	6.	 Materials Testing—The specifications may state 
that the contractor shall pay for concrete testing, 
soils testing’ and other tests required, in which case 
the cost of providing the testing, services is obtained 
from a testing agency. Often, however, the testing is 
to be paid for directly by the owner, but, even when 
this is so, the estimator may still need to consider 
the costs of providing samples and assistance to the 
owner’s testing agencies.

	7.	 Water Leakage Tests—On projects such as the 
construction of reservoirs and swimming pools, 
the contract may call for leakage tests. In some 
cases a testing agency may be required to conduct 
the tests or the test may consist merely of a visual 
examination by the design consultants. One item 
that has been overlooked by contractors in the 
past is the cost of the water necessary for these 
tests.

	8.	 Warranty—Standard construction contracts include 
warranty provisions that call for the contractor, at 
no extra expense, to perform all remedial or main-
tenance work required on the project over a defined 
time period, often the 12 months following project 
completion. The average cost to the contractor of 
providing this service can usually be estimated from 
cost records of previous jobs.

	9.	 Temporary Fire Protection—This is normally the 
cost of providing fire extinguishers on-site during 
the construction period. The estimator should 
be careful to note any more elaborate protection 
requirements such as the provision of fire hydrants 
as this can be an expensive item.

	10.	Wind-Bracing Masonry—In many places, the 
masonry trade does not include in the scope of 
its work the temporary wind bracing that is 
often necessary to support masonry work while 
it is under construction. When wind bracing is 
required, the contractor allows for the cost under 
this item.

11.	Traffic Control—This may be needed on down-
town jobs where traffic adjacent to the site has 
to be controlled and on highway maintenance or  
construction jobs.

12.	Municipal Charges—There are many possible 
municipal charges that a contractor may be liable 
to pay in connection with any construction project. 
In addition to building permit fees (discussed later), 
fees may be payable for the use of city streets for 
unloading, storage, or parking; the construction of 
city sidewalk crossovers; municipal business taxes; 
and contractor license fees, to name but a few. Esti-
mators should be familiar with the requirements of 
their own city, and on out-of-town jobs they must 
investigate the municipal charges in vicinities that 
are new to them.

13.	 Financing Charges—With an accurate forecast of 
the cash flow of a project, an estimator would be 
able to calculate the interest charges on the contrac-
tor’s running overdraft that is required to finance 
the project. But precise forecasts of the inflow and 
outflow of cash on a construction project, even 
when detailed schedules are available, are extremely 
difficult to produce. Here again the estimator usu-
ally has to fall back on previous job records, with 
necessary adjustments for changes in interest rates, 
to determine the probable financing charges on a 
future project. Financing charges would generally 
be calculated as an add-on. This add-on would 
be a percentage of either part of or all of the bid 
amount.

14.	Taxes—There are as many ways of accounting for 
taxes in an estimate as there are ways of apply-
ing taxes to the price of construction work, and 
because the substance of a tax can vary widely 
from place to place, there is no single formula for 
dealing with taxes. How a tax is calculated depends 
on the particulars of how the tax is assessed. For 
instance: 

a.	 Where a sales tax applies to materials but varies 
from one material to another, the tax has to be 
calculated separately on each individual mate-
rial price.

b.	 Where a uniform sales tax applies to all project 
materials, an add-on can be set up at the end 
of the estimate to add the necessary percentage 
to the value of the total material content of the 
estimate.

c.	 Payroll taxes that apply to the total labor price 
of the estimate can also be handled with an 
add-on. This is the case with the payroll additive 
add-on discussed in a following section.

99395_ch14_ptg01_254-274.indd   268



	 CHAPTER 14    PRICING GENERAL EXPENSES	 269

d.	 A European- and Canadian-style goods and ser-
vices tax or value-added tax that applies to the 
prices of all the components of an estimate can be 
set up as a percentage add-on calculated on the 
very last line of the estimate so that the applicable 
rate applies to the final complete estimate price. 

Labor Add-Ons

The following general expenses items are proportional 
to the total labor cost of a project, so the dollar value 
of these items can only be calculated when the total 
estimated labor cost has been determined. This point is 
reached in the estimating process when the contractor’s 
own work, the subtrade work, and the other general 
expenses have been priced. See Figure 15.1 in the next 
chapter for the location of these add-ons on a typical 
Estimate Summary sheet.

Small Tools and Consumables

In this expense item, the cost of hand tools and equip-
ment valued at less than $1,000 per piece is priced 
together with miscellaneous supplies used in the con-
struction process. These supplies would include such 
items as replacement drill bits, saw blades, chalk lines, 
batteries, and all the other incidental components used 
up in connection to the work of a construction project.

General Safety

Meeting general safety requirements as discussed above 
can add up to 2.5% to the labor bill on a medium to 
large project.

Wage Increases

Most estimators price the work of the project using 
current wage rates, then allow, under this item, for any 
wage increases anticipated during the course of the 
work by adding a percentage to the total wage bill of 
the project.

A more precise estimate of the wage increase can be 
obtained when the date and amount of the wage raise 
are known at the time of the estimate. These data may 
be accessible when unionized labor is employed since 
the amounts of wage rates and the dates of increases 
are usually defined in collective agreements. In this sit-
uation the estimator needs to identify, from a reliable 
schedule of the work, those activities that will be com-
pleted before the wage raise and those that will proceed 
after the raise. The increase in wages is then applied to 
the latter category, and the amount of the additional 
wages can be included in the estimate under this general 
expense item.

Overtime Premium
The overtime premium is the extra payment over and 
above the basic wage rate that is paid to employees 
who work time in excess of the standard work day or 
work week. The premium may be applied in response 
to government regulations, company policy, or union 
agreements, and the pay rate for overtime work may 
be set at time and a quarter, time and a half, or double 
time. Wage premiums are also paid when workers are 
required to work shifts on a project. The premium in 
this case is often 10% above the standard pay rate.

The overtime premium is usually accounted for by 
adding a percentage or a fixed dollar amount to the 
estimate labor component that is calculated using stan-
dard rates of pay.

Payroll Additive
The labor component of the estimate has so far been 
priced using the base wage rates for the trades involved. 
Every employer also makes a variety of contributions in 
relation to its total payroll in response to federal, state, 
and municipal requirements and company policies. Payroll 
additive may account for any or all of the following items:

	1.	 Social Security Tax—This is a federal government 
requirement to provide retirement benefits to per-
sons who become eligible.

	2.	 Unemployment Compensation Tax—This is a state 
tax that is gathered to provide funds to compensate 
workers in periods of unemployment.

	3.	 Worker’s Compensation and Employer’s Liability 
Insurance—As required by state regulations, contri-
butions are collected to provide a fund from which 
workers who are injured while working or as a 
result of working are compensated.

	4.	 Public Liability and Property Damage Insurance—
This insurance protects the employer against claims 
by the public for injuries or damage sustained as a 
result of the work activities of an employee.

	5.	 Fringe Benefits—This includes a number of items that 
could be contained in a contract of employment or a 
union collective agreement. Examples include health 
care insurance, pensions, and disability insurance. 

The sum of these contributions can vary enormously 
from place to place, from company to company, and even 
from trade to trade within a company. The task of the 
estimator is to ascertain the rates of contributions that 
apply to the project labor force and allow for them in the 
estimate. Different rates of payroll additive may have to 
be applied to each separate trade employed on the proj-
ect, or the estimator may be able to use a single average 
rate against the total labor component of the estimate.
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Bid Total Add-Ons

The final group of add-ons is assessed as a proportion 
of the total bid price so they are calculated at the end of 
the estimate after all other items, including the project 
markup or fee, have been added in.

The simple way to calculate these add-ons is to 
apply percentage rates to the final subtotal of the esti-
mate, but this produces a slight error since the add-on 
rates ought to be calculated as a percentage of the total 
bid price rather than the final subtotal before the bid 
price.

Consider the case in which there is a single bid 
total add-on for the cost of a building permit for the 
project. Let us assume that the price charged for build-
ing permits is 1% of the bid price and the final sub-
total of the estimate is $10,000,000. Calculating the 
add-on as a percentage of the final subtotal produces 
this outcome:

		      Subtotal:		  $10,000,000

Add-on for building permit:  1%  5	        100,000

	        Total bid price:		  $10,100,000

But when the contractor comes to purchase the 
building permit, the fee will be 1% of the total bid 
price, which is 1% of 10,100,000 5 101,000, which is 
$1,000 more than was allowed in the estimate.

To estimate the correct amount, the rate of the 
add-on is calculated by using the following formula:

Add 2 on Rate 5
Actual Rate

1 2 Actual Rate

So, in the preceding example, the correct add-on 

rate 5
0.01

1 2 0.01
5 .010101

With the corrected add-on rate, the last lines of the 
estimate will be revised to this:

		     Subtotal:		  $10,000,000

Add-on for building permit:  1.0101%  5       101,010

	      Total bid price:		  $10,101,010

The fee for the permit would now be 1% of 
$10,101,010, which amounts to $101,010—precisely 
the amount estimated.

Where there are a number of bid total add-ons, the 
following formula can be used to determine the com-
bined add-on rate:

The combined add-on rate 5
Sum of Actual Rates

1 2 Sum of Actual Rates

At the time when the estimating process was com-
pleted by manual methods using calculators only, the 
prospect of handling this arithmetic right at the close 
of the estimate was not always attractive to estima-
tors; many found it easier to accept the relatively 
small error that results from using the simpler method 
of calculation. However, now that computers are 
widely used to compile the estimate, using the cor-
rect add-on rates is not difficult since computer pro-
grams can be preset to make the correct calculations 
automatically.

General Expenses Pricing Notes 
Example 1: House

General Expenses (Figure 14.10)

	1.	 This project is expected to take 4 months to com-
plete based on the duration of previous projects of 
a similar type and size. 

	2.	 Because this is such a small project, a number of the 
general expenses are shared with other projects so 
that only a portion of their total cost is included in 
this estimate. These items are marked with asterisks 
on the General Expenses sheet.

	3.	 The $3,500 amount against the Surveyor item is an 
allowance for employing a certified land-surveying 
company to provide a legal survey of the site show-
ing the accurate dimensions and layout of the lot, 
including the location of the house on the property.

	4.	 The 2 days of labor allowed against the Layout 
item is the price of a helper to assist the superinten-
dent in surveying and setting out the building.

	5.	 The amount shown against First Aid is an allow-
ance for first aid supplies consumed during the 
course of the work. This is based on the average 
amount spent on this item on previous projects.

	6.	 There are no Travel or Room & Board expenses 
anticipated on this project when it is to be con-
structed in the builder’s home city.

	7.	 The office trailer, telephone, and electrical charges 
reflect the cost of a single serviced trailer setup to 
be used by the superintendent as a base to supervise 
a number of small projects.

	8.	 The allowance against security is the contribution 
of this project to the cost of providing a security 
patrol at the location of the work.

	9.	 The Site Equipment to be used on this project 
would be listed and priced on the back of the Gen-
eral Expenses sheet. The note: “See Backup Sheet” 
is directing the reviewer of this estimate to consult a 
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Figure 14.10  House Example: General Expenses (Delmar/Cengage Learning)

PROJECT: House Example

LOCATION:

DATE: GENERAL EXPENSES

ESTIMATOR: ABF

JOB DURATION: 4 Months ** Only part of the full cost of these items is charged to this job. 

QUANTITY U/RATE LABOR   U/RATE MATL. U/RATE EQUIP. SUB. TOTAL
DESCRIPTION UNIT LAB.    $ MATL.   $ EQUIP.    $    $ $

Superintendent ** 4 Mo. $2,500 10,000 ~   ~   ~   ~   ~   10,000

Site Engineer ~   ~   ~   ~   ~   ~   ~   ~   ~   

Safety Coordinator ~   ~   ~   ~   ~   ~   ~   ~   ~   

Timekeeper ** 4 Mo. $1,800 7,200 ~   ~   ~   ~   ~   7,200

Watchman ~   ~   ~   ~   ~   ~   ~   ~   ~   

Accountant ~   ~   ~   ~   ~   ~   ~   ~   ~   

Surveyor Legal survey by subtrade ~   ~   ~   ~   3,500 3,500

Layout 2 Days $320 640 ~   ~   ~   ~   ~   640

First Aid   Allow ~   ~   ~   50 ~   ~   ~   50

Travel-Field ~   ~   ~   ~   ~   ~   ~   ~   ~   

Travel-Head Of�ce ~   ~   ~   ~   ~   ~   ~   ~   ~   

Room & Board ~   ~   ~   ~   ~   ~   ~   ~   ~   

Tel: Charges ** 4 Mo. ~   ~   $100 400 ~   ~   ~   400

Elect: Hook-up ** 1 No. ~   ~   ~   ~   ~   ~   350 350

Elect: Charges ** 4 Mo. ~   ~   $300 1,200 ~   ~   ~   1,200

Temp. Water ~   ~   ~   ~   ~   ~   ~   ~   ~   

Temp. Hoardings ~   ~   ~   ~   ~   ~   ~   ~   ~   

Temp. Heat ~   ~   ~   ~   ~   ~   ~   ~   ~   

Temp Of�ce ** 4 Mo. ~   ~   ~   ~   $150 600 ~   600

Of�ce Supp. ** 4 Mo. ~   ~   $75 300 ~  ~   ~   300

Temp Toilet 4 Mo. ~   ~   ~   ~   $240 960 ~   960

Temp. Roads ~   ~   ~   ~   ~   ~  ~   ~   ~   

Storage ~   ~   ~   ~   ~   ~  ~   ~   ~   

Security ** 4 Mo. $500 2,000 ~   ~   ~  ~   ~   2,000

Site Equipment   See Backup Sheet ~   ~   ~   ~  10,381 ~   10,381

Trucking ** 4 Mo. ~   ~   ~   ~   $600 2,400 ~   2,400

Dewatering ~   ~   ~   ~   ~   ~  ~   ~   ~   

Saw Setup ~   ~   ~   ~   ~   ~  ~   ~   ~   

Photographs ~   ~   ~   ~   ~   ~  ~   ~   ~   

Job Signs 1 No. $350 350 $850 850 ~  ~   ~   1,200

Testing ~   ~   ~   ~   ~   ~  ~   ~   ~   

Current Cleanup 4 Mo. $500 2,000 ~   ~   $500 2,000 ~   4,000

Final Cleanup 1 No. ~   ~   ~   ~   ~   ~   500 500

Warranty ~   ~   ~   ~   ~   ~   ~   ~   ~   

                  TOTALS TO SUMMARY: 22,190 2,800 16,341 4,350 45,681
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supplementary calculation sheet usually located on 
the back of the General Expenses sheet. The equip-
ment list for this project is as follows:

10.	The fuel and maintenance allowance is calculated 
as 25% of the items that require fuel (nonelectrical 
items).

11.	The Trucking amount allowed is the portion of 
the cost of the superintendent’s pickup truck that 
applies to this project.

12.	The Current Cleanup amount is a contribution to 
the cost of renting a garbage container for the site.

13.	The Final Cleanup amount is the price charged by a 
subtrade to clean the carpets and windows and gen-
erally get the house cleaned up and ready to hand 
over to the owner.

14.	 Add-on amounts are not included on this General 
Expense sheet since add-ons cannot be calculated 
until the summary is completed. Add-ons that apply 
to this job can be found at the end of the Summary 
sheet shown in Figure 15.10. 

General Expenses Pricing Notes 
Example 2: Office/Warehouse 
Building

Precision Estimating Takeoff

Figure 14.11 shows the estimate of general expenses 
required for the Office/ Warehouse project.

General Expenses: Pricing Notes

	1.	 This project is estimated to take 6 months to com-
plete based on the preliminary schedule shown in 
Figure 14.3.

	2.	 A site engineer is required only for the layout of the 
building, which is expected to be completed over a 
period of 1 month.

	3.	 The safety coordinator amount allows for a part-
time safety person for this size of job.

	4.	 The Surveying amount is the price of a registered 
land-surveying company to provide certified layout 
and benchmark information on-site.

**�Fuel and maintenance  
on these Items: 25% of   $6,625.00 5 1,656.25

Total: 10,381.25

1 **Compactors 1 Month 3 $700.005 700.00
1 **Compressor 4 Months 3$1,200.0054,800.00
2 Concrete Vibrators 3 Months 3 $350.0052,100.00
1 **Crane (hoisting Steps) 3 Months 3 $375.0051,125.00

8,725.00

	5.	 The Layout amount reflects the cost of a helper for 
the site engineer.

	6.	 The material amount shown against First Aid is an 
allowance for first aid supplies consumed during 
the course of the work. The labor amount is for the 
time spent by first aid qualified workers administer-
ing first aid on-site. These allowances are based on 
the average cost of these items on previous projects.

	7.	 The Temporary Hoardings amounts are the esti-
mated prices to construct a temporary fence around 
the site and remove it on completion of the work. 
The materials price is based on the maximum use of 
recycled materials.

	8.	 The Temporary Heat allowance is for the cost of 
fuel heating the building in the last few weeks of 
the project. This is based on the use of the perma-
nent heating system, which the mechanical subtrade 
informs us will be operational at that time. The 
project owner has agreed to this.

	9.	 Under the item for Security we have allowed the 
price of a subtrade providing a security patrol at 
the site.

10.	The Site Equipment comprises the following items:

1 Radial Arm Saw 4 Months 3 $430.00 5 1,720.00
2 **Compactors 1 Month 3 $700.00 5 1,400.00
1 **Compressor 4 Months 3 $1,200.00 5 4,800.00
3 Concrete Vibrators 3 Months 3 $350.00 5 3,150.00
1 **Generator 3 Months 3 $375.00 5 1,125.00
1 Electrical Panel 5 Months 3 $150.00 5 750.00
1 **Mortar Mixer 1 Month 3 $350.00 5 350.00
1 **Forklift 1 Month 3 $1,850.00 5 1,850.00

13,295.00
**Fuel and maintenance  
on these Items: 25% of $9,525.00 5 2,381.25

Total: 15,676.25

	11.	 The amount against Dewatering is a contingency 
allowance to cover the cost of renting pumps and 
of labor setting up and maintaining these pumps 
should some dewatering of excavations be necessary.

12.	 The Saw Setup is an estimate of the cost of building 
and removing a temporary enclosure and lockup for 
the radial-arm saw that is to be used on-site in con-
nection with the formwork and carpentry work.

13.	The Current Cleanup amount is for the cost of rent-
ing a garbage container at the site.

14.	The Final Cleanup amount is the price charged by 
a subtrade to clean the floors and windows and 
generally get the project cleaned up ready for occu-
pancy by the owner.

15.	The add-on amounts are included at the end of the 
office/warehouse summary shown in Figure 15.11. 
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Figure 14.11  General Expenses Spreadsheet (Delmar/Cengage Learning)

GENERAL EXPENSES SHEET No.  1 OF 1

JOB: Of�ce/Warehouse Project DATE:

ESTIMATED: DJP

UNIT UNIT UNIT
No.  DESCRIPTION   QUANTITY UNIT PRICE LABOR PRICE MATERIALS PRICE EQUIP SUBS OTHER TOTAL

   $    $    $    $    $    $    $ $    $

1  Superintendent 6 Mo 9000.00 54,000 0.00 0 0.00 0 0 0 54,000

2  Site Engineer 1 Mo 5000.00 5,000 0.00 0 0.00 0 0 0 5,000

3  Safety Coordinator 6 Mo 3000.00 18,000 0.00 0 0.00 0 0 0 18,000

4  Timekeeper 6 Mo 4000.00 24,000 0.00 0 0.00 0 0 0 24,000

5  Watchman --- --- --- --- --- --- --- --- --- --- ---

6  Accountant --- --- --- --- --- --- --- --- --- --- ---

7  Surveyor 1 No. 0.00 0 0.00 0 0.00 0 5,000 0 5,000

8  Layout 1 Mo 6800.00 6,800 0.00 0 0.00 0 0 0 6,800

9  First Aid 6 Mo 100.00 600 50.00 300 0.00 0 0 0 900

10  Travel-Field --- --- --- --- --- --- --- --- --- --- ---

11  Travel-Head Of�ce --- --- --- --- --- --- --- --- --- --- ---

12  Room & Board --- --- --- --- --- --- --- --- --- --- ---

13  Elect: Hook-up 1 No. 0.00 0 0.00 0 0.00 0 0 950 950

14  Elect: Charges 6 Mo 0.00 0 0.00 0 0.00 0 0 3,000 3,000

15  Temp. Heat 2 Mo 0.00 0 0.00 0 0.00 0 0 2,000 2,000

16  Tel: Charges 6 Mo 0.00 0 0.00 0 0.00 0 0 1,800 1,800

17  Temp. Hoardings 1,050 LF 15.00 15,750 9.00 9,450 0.00 0 0 0 25,200

18  Temp. Water 6 Mo 0.00 0 0.00 0 0.00 0 0 360 360

19  Temp Toilet 6 Mo 0.00 0 525.00 3,150 0.00 0 0 0 3,150

20  Temp Of�ce 6 Mo 0.00 0 0.00 0 0.00 0 0 4,800 4,800

21  Job Signs 1 No. 300.00 300 900.00 900 0.00 0 0 0 1,200

22  Of�ce Supp. 6 Mo 0.00 0 0.00 0 0.00 0 0 900 900

23 Of�ce Equipment 6 Mo 0.00 0 0.00 0 100.00 600 0 600 1,200

24  Temp. Roads --- --- --- --- --- --- --- --- --- --- ---

25  Storage --- --- --- --- --- --- --- --- --- --- ---

26  Security 6 Mo 0.00 0 0.00 0 0.00 0 18,000 0 18,000

27  Site Equipment 1 No. (See backup calculation) --- --- 15,676 0 0 15,676

28  Dewatering 2 Mo 200.00 400 0.00 0 250.00 500 0 0 900

29  Saw Setup 1 No. 400.00 400 250.00 250 0.00 0 0 0 650

30  Trucking 6 Mo 0.00 0 0.00 0 950.00 5,700 0 0 5,700

31  Current Cleanup 6 Mo 300.00 1,800 0.00 0 300.00 1,800 0 0 3,600

32  Final Cleanup 1 No. 0.00 0 0.00 0 0.00 0 5,000 0 5,000

33  Snow Removal --- --- --- --- --- --- --- --- --- --- ---

34  Warranty --- --- --- --- --- --- --- --- --- --- ---

35  Cash Allowances --- --- --- --- --- --- --- --- --- --- ---

127,050 14,050 24,276 28,000 14,410 207,786
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SUMMARY

�� General expenses or project overheads comprise the 
indirect costs expended on a construction project.

�� It is usually the general contractor’s responsibility 
to assess and price the general expenses on a con-
struction project.

�� Because there are so many possible general expense 
items, estimators usually make use of a checklist 
when general expenses are priced.

�� General expense requirements are assessed by 
examining the plans and specifications and consid-
ering the amount of work involved in the project 
as measured in the takeoff process. Job superinten-
dents and project managers can help the estimator 
define general expense requirements for a project.

�� Some general expense items are calculated as a per-
centage of the estimate or as a percentage of some 
part of the estimate; these items are included as 
add-ons at the end of the estimate.

�� Many general expense items are calculated as a 
function of the duration of the project, so at least 
a rough schedule is required before these items can 
be evaluated.

�� Major items to consider when pricing general 
expenses include the following: 

1.	 Site personnel

2.	 Safety and first aid

3.	 Travel and accommodation

4.	 Temporary site offices

5.	 Temporary site services

6.	 Hoardings and temporary enclosures

7.	 Temporary heating

8.	 Site access and storage space

9.	 Site security

10.	 Site equipment

11.	 Trucking

12.	 Dewatering

13.	 Site cleanup 

�� General expenses calculated as add-ons include the 
following: 

1.	 Financing charges

2.	 Small tools and consumables

3.	 Wage increases

4.	 Overtime premium

5.	 Payroll additive

6.	 Building permits

7.	 Surety bonds

8.	 Insurance 

 REVIEW QUESTIONS

	 1.	Explain what the general expenses of a project are.

	 2.	How can the total duration of the construction 
work of a project be determined in the short time 
available in the estimating process?

	 3.	Estimate the cost for the heating of a temporary 
enclosure of this size: 250 feet 3 300 feet 3 12 feet 
high. The space is to be heated at the rate of 75 BTUs 
per cubic yard per hour for a period of 2 weeks (14 
days), 24 hours per day. Use 150,000 BTU propane 
heaters at a rental of $75.00 per week. The cost of 
propane is $2.50 per gallon; assume 1 gallon pro-
vides 90,000 BTUs of heat.

	 4.	List the four temporary site services that are usually 
required on a construction project, and describe 
how each service is priced.

	 5.	List three possible ways of dealing with the prob-
lem of limited storage space on a downtown site.

	 6.	List the two categories of site cleanup that have 
to be considered in an estimate, and describe how 
each category is priced.

	 7.	What are the contractor’s financing charges on a 
project, and how is the cost of financing charges 
estimated?

	 8.	With the aid of examples, describe the two types of 
add-ons considered in an estimate and explain how 
they are calculated. 
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 CHAPTER 

15

CLOSING THE BID

 OBJECTIVES

After reading this chapter and completing the review questions, you should be able to do the following:

•	 Describe the estimate summary process.
•	 Describe the items that are addressed in the 

bid process, including:
	 a.	 Bid forms
	 b.	 Unit prices
	 c.	 Alternative prices (alternates)
	 d.	 Separate prices
	 e.	 Allowances
	 f.	 Bid security—bid bonds and deposits
	 g.	 Bid conditions 
•	 Identify the three main objectives of a pre-bid 

review meeting.

•	 Explain how the contractor’s risk on a project 
is identified and how the risk factor influences 
the bid markup.

•	 Distinguish a unit-price bid from a lump-sum 
bid and describe the additional requirements 
of a unit-price bid.

•	 Outline the tasks that should be addressed 
following a bid submission.

•	 Finalize estimates for both unit-price and 
lump-sum bids.

•	 Use Excel spreadsheets to close an estimate 
and bid. 

Introduction

In this chapter, we consider the last stages of the 
estimate when the bid clock, which was started when 
the bid documents were received, ticks off the final 
hours to the bid closing time. In this period the estimate 
prices are summarized, the components of the bid are 
assembled, and the bid documents are submitted to the 
place designated for the bid closing.

Most contractors use a bid summary sheet to gather 
together all of the constituent prices of the estimate. An 
example of the format of a summary sheet is shown in 

Figure 15.1. The summary not only provides a means of 
recording prices and presenting the total amounts, but also 
allows the estimator, before pricing begins, to distinguish 
the items that have to be priced in order to complete the 
estimate. At the very start of the estimating process, the 
estimator can set up the summary sheet by checking off 
the trades that will be completed by “own forces” and 
those that will be subcontracted. When the prices of the 
trades are obtained, they can be written onto preprinted 
summary sheets like the one shown in the example, or a 
summary sheet in the form of a computer spreadsheet can 
be used to store and manipulate the estimate prices.
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Figure 15.1  �Estimate Summary Sheet (Delmar/Cengage Learning)

	 PROJECT:	

	 GROSS FLOOR AREA:

	 LOCATION:

	 DATE:

	 ESTIMATOR:

ESTIMATE SUMMARY

DESCRIPTION LABOR $ MATL. $ EQUIP. $ SUBS. $ OTHER $ TOTAL $

OWN WORK

EXCAVATION AND FILL

CONCRETE WORK

FORMWORK

MISCELLANEOUS

MASONRY

ROUGH CARPENTRY

FINISH CARPENTRY

EXTERIOR FINISHES

INTERIOR FINISHES

Subtotal 1:

SUBCONTRACTORS

DEMOLITION

LANDSCAPING

PILING

REINFORCING STEEL

PRECAST

MASONRY

STRUCTURAL AND MISC. STEEL

CARPENTRY

MILLWORK

ROOFING

CAULKING AND DAMP-PROOFING

DOORS AND FRAMES

WINDOWS

RESILIENT FLOORING

CARPET

DRYWALL

ACOUSTIC CEILING

PAINTING

SPECIALTIES

PLUMBING

HEATING AND VENTILATING

ELECTRICAL

CASH ALLOWANCES

Subtotal 2:

GENERAL EXPENSES
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The prices of the contractor’s own work are entered 
onto the top of the summary sheet so that “Subtotal 1” 
provides the estimated direct cost of the contractor’s 
work. Subtrade prices and the price of general expenses 
are recorded as they become available until the bid total 
at the foot of the summary is finally established. This 
total can then be transferred to the bid documents and 
the bid submitted.

To successfully prepare a bid that is free from 
errors and complete in all essentials, the process has 
to be carefully planned and organized from the point 
when the bid documents arrive at the contractor’s 
office up to the last act in the process, the submission 
of the bid. The busiest period, and the period when the 
process is most error prone, is the last few hours before 
the bid is delivered. Every process that can possibly be 
accomplished before bid closing day has to be out of 
the way so that these last few hours can be devoted to 
those activities that can only occur at this time.

In Advance of the Bid Closing

A construction contract bid is compiled in three stages: 
the advance stage, the review stage, and the closing 
stage. The following processes are performed in the 
advance stage, which should be concluded at least  
2 workdays before the day of the bid closing:

	1.	 The quantity takeoff, the recaps, the general 
expenses and the summary sheet, except for the 
subcontractor prices, are completed.

	2.	 Unit prices and alternative prices relating to the 
contractor’s work are calculated.

	3.	 Bid bonds, consent of surety forms, and any other 
documents required to accompany the bid are 
obtained and completed.

	4.	 Bid forms are signed by company officers, 
witnessed, sealed, and completed as far as possible.

	5.	 Duplicate copies of all bid documents are made for 
retention by the contractor.

	 6.	 An envelope to contain all bid documents is prepared.
	7.	 All bid documents and their envelope are retained 

by the chief estimator until the closing day.
	 8.	 A plan is formulated for the delivery of the bid. The 

bid runner (the person who is to deliver the bid) is 
carefully briefed about his or her role and how he or 
she will complete the bid documents if this is required.

	9.	 The office staff members are briefed regarding their 
roles on bid closing day.

10.	 All fax machines, computers, and telephones are 
checked to ensure they will be operational for 
closing day. Backup fax machines and computers 
are made available. 

Many estimators prepare a checklist of the items 
that have to be completed during the entire estimating 
process to ensure that all needs are taken care of in good 
time. There are few things more frustrating and more 
liable to trigger panic among the estimators closing 
the bid than learning, moments before the bid is to be 
submitted, that an item required for the bid, such as a bid 
bond or a signature on a key document, is missing. Those 
of us who have been involved in numerous closings can 
attest to the truth of Murphy’s Law: “Whatever can go 
wrong, will go wrong” in these situations.

Figure 15.1  continued

Subtotal 3:

ADD-ONS

FINANCING

SMALL TOOLS

SAFETY

PAYROLL ADDITIVE

BUILDING PERMIT

PERF.BOND

LAB & MATL. BOND

INSURANCE

FEE

Subtotal 4:

ADJUSTMENT:

Price per S.F. = BID TOTAL:
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The Bid Form

The bid, which may sometimes be called a “tender” 
or a “proposal,” can be presented in a form entirely 
of the contractor’s choosing or it may be written on 
a standard bid form such as the type available from 
many construction associations. A third option that 
is quite common, especially when the owner is a 
public agency, is to stipulate in the instructions to 
bidders that all bidding contractors shall use the 
bid form provided with the contract documents. In 
all cases the bid form should contain certain basic 
information:

	1.	 The name and address of the project

	2.	 The identity of the owner

	3.	 The identity of the bidding contractor

	4.	 A description of the work to be done

	5.	 A list of the bid documents

	6.	 A list of addenda

	7.	 The bid price

	8.	 The duration or completion date of the project

	9.	 A declaration that the bidder agrees to leave the bid 
open for acceptance by the owner for a specified 
period of time and to comply with all other bid 
requirements

10.	 The signatures of the bidders if they are not 
incorporated, or the corporate seal if the bidder is a 
corporation, all duly witnessed

11.	 The time, date, and place of the bid 

These items are generally considered to be the 
essential ingredients of a bid, but many bids have been 
written in an informal style omitting one or more of those 
items. The lack of some detail in a bid may have no effect 
on the course of the contract, but owners and contractors 
alike have sometimes wished the bid had been more 
explicit so that a problem might have been avoided.

Additional Bid Form Information

In addition to the basic bid information, the bid form 
may also have a number of other items attached to it, 
including:

	1.	 A list of unit prices for pricing changes in the work

	2.	 Alternative prices

	3.	 Separate prices

	4.	 Allowances

	5.	 Bid security

	6.	 Bid conditions 

Unit Prices
Bidders may be requested to indicate against each item 
on a schedule of work items, furnished with the bid 
documents, a unit price that is to be used for pricing 
added or deleted work on the project. Sometimes a 
single unit price for each work item will be called for 
on the schedule of work items. This single price will be 
used as the basis for pricing both added and deleted 
work, but the contractor should be allowed to add an 
amount for overheads and profit to this price when 
it is used for pricing additional work. At other times 
there will be provision for the contractor to list two 
prices against each item, a price for added work and a 
second for deleted work. The process of applying these 
unit prices varies from contract to contract, but details 
about how the unit prices are to be used on the project 
will usually be found in the supplementary conditions 
of the contract documents.

Figure 15.2 shows an example of a unit-price 
schedule for the prime contractor’s work of a project only. 
While concrete work, excavation work, and, possibly, 
masonry work are the more frequent subjects of unit-
price schedules, the bid documents can contain a schedule 
that lists hundreds of items encompassing the work of 
every trade on the project. When subtrade unit prices are 
requested, bidding subcontractors need to be forewarned 
that unit prices are required with their bid because many 
subtrades will not be aware of the details of the prime 
contractor’s bid form that calls for unit prices.

The following example illustrates how the estimator 
calculates unit prices for inclusion in the schedule of 
unit prices. The prices used in this example are based 
on prices taken from the recaps of the office/warehouse 
example detailed in the text.

Example

For reinforced concrete to grade beams, the price of 
a 100-foot long section of grade beam is estimated. 
Then the total price obtained for this is converted to 
a price per cubic yard:

It can be appreciated, even from this single 
example, that a large amount of time may be 
needed to calculate the unit prices required on a 
bid. This task can be scheduled well before the bid 
closing time in which the unit prices concern only 
the prime contractor’s work, but when subtrade 
prices are involved, it usually has to wait until 
the subtrade bids are received on bid closing day, 
resulting in more work for that busy day. 

Alternative Prices
Alternative prices (alternates) are quoted for proposed 
changes in the specifications. The contractor normally 
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Figure 15.2  �Sample Unit-Price Schedule (Delmar/Cengage Learning)

Unit Labor Unit Matl. Unit Equip. Total

Work Item Quantity Unit Price $ Price $ Price $ $

Concrete Grade Beams 5 cu. yd. 24.65 123.25 145.00 725.00 7.50 37.50 885.75

Form Sides of Grade Beam 400 sq. ft. 3.35 1,340.00 0.75 300.00 — — 1,640.00

Void Forms 100 ft. 0.73 73.00 1.38 138.00 — — 211.00

Strip, Clean & Oil Forms 400 sq. ft. 1.11 444.00 0.06 24.00 — — 468.00

Rough Hardware 15% Form Matls. — — — 69.30 — — 69.30

Reinforcing Steel 804 lbs 0.54 434.16 0.50 402.00 — — 836.16

Subtotal: 2,414.41 1,658.30 37.50 4,110.21

Add-ons-Small Tools & Payroll Additive: 50% of Labor: 1,207.21 — — 1,207.21

Net Price per 100 ft. (5 cu. yds.): 3,621.62 1,658.30 37.50 5,317.42

Net Price per cu. yd. (For Deductions): 1,063.48

Overheads: (20%) 212.70

Fee: (10%)     106.35

Price per cu. yd. (For Additions): 1,382.53

UNIT PRICES

�Unit prices for added or subtracted material are to include all labor, equipment,  
materials, and incidentals necessary to perform the work, and all as described  
and required in Divisions 2 to 16 inclusive of the Detailed Specifications.

		  Add	 Deduct 
	 Unit	 $	 $

  1.    Reinforced Concrete Grade Beams in Place	 cu. yd.

  2.    Reinforced Concrete Columns in Place	 cu. yd.

  3.    Reinforced Concrete Slab in Place	 cu. yd.

  4.    Structural Steel in Place	 ton

  5.    8" Concrete Block Wall in Place	 sq. ft.

  6.    Excavation Common Dry	 cu. yd.

  7.    Excavation Common Wet	 cu. yd.

  8.    Rock Excavation	 cu. yd.

  9.    Compacted Granular Backfill	 cu. yd.

10.    Reinforced Concrete Piles	 lin. foot

bids a price for the project as specified and then quotes 
alternative prices to perform the work in accordance 
with the different requirements called for in the 
alternates. For instance, if the specifications indicate 
that 26-ounce carpet is required, this type of carpet will 
be priced in the base bid. Then, should an alternative 
price be requested to substitute 32-ounce carpet, 

the extra cost of supplying the heavier carpet will be 
calculated and quoted in the bid. Alternative prices 
are usually expressed as additions to or deletions from 
the base bid and are often referred to as “alternates.” 
In this example, the alternate submitted with the bid 
may state, “To substitute 32-ounce carpet for 26-ounce 
carpet, add $45,000.”
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Bid documents call for alternative prices when 
owners or their design consultants wish to provide 
some price flexibility in the bid. This allows them to 
substitute lower price alternates if the bid price exceeds 
the owner’s budget and vice versa. A few alternative 
prices can be reasonably expected on a bid, but in some 
cases several dozen prices have been required. This puts 
the estimator under added pressure on bid closing day 
since many of the alternatives involve subtrades and so 
alternates cannot be priced until information is received 
with the subtrade bids that arrive in the last few hours 
of the estimating period.

Alternates can be extremely complex; indeed, in 
some cases alternative prices have been requested for 
the deletion of entire sections of a building comprising 
several floors in some cases. This kind of alternate will 
impact the prices of most of the subtrades on the project. 
A more common situation, but one that still involves 
a large number of subtrades, is when an alternate is 
requested for deleting the finishes from one or more 
floors of a building. When an alternate involves a 
significant number of trades, the estimator is advised to 
set up a spreadsheet in advance to streamline the process 
of pricing the alternate when subtrade bids are received.

Figure 15.3 shows a template for pricing some 
example alternates on the office/warehouse project. This 
kind of spreadsheet can be set up early in the estimating 
process with the spaces for prices left blank until the 
pricing information is obtained for the subtrades.

Alternative prices may also be introduced into the 
bid on the contractor’s own initiative. These alternatives 
are invariably offers to perform the work for a reduced 
price on the condition that certain changes be made to 
the design or specifications. They can be in the form 
of a simple substitution of a product of equal quality 
but lower cost for the one specified, or the alternative 
may consist of offering a completely different design 
for the project. This second case is more common with 
engineering works than with building construction.

Separate Prices
Bidders are sometimes required to state separately from 
the base bid the prices of some specific items of work. 
There can be several different reasons for requesting this 
information from bidders. In some cases the owner needs 
this information to facilitate a value analysis of some 
items for the work. More commonly, a part of work may 
be considered to be an optional component of the project, 
in which case it is priced separately so that it can be 
included or excluded from the scope of the contract. The 
decision usually depends on the owner’s budget situation.

The estimator has to be especially careful with 
regard to separate prices because most contracts that 

include separate prices state that the separate prices and 
the work they relate to are in addition to the work of 
the contract and shall not be included in the base bid. 
However, some contracts indicate that separate prices 
and the work they relate to are part of the work of the 
contract and shall be included in the base bid. Clearly, 
the correct interpretation of the contract conditions 
relating to separate prices has to be ascertained; 
otherwise serious bid errors can be made.

Work of substantial proportions can be the subject 
of separate prices in a bid. In these situations, estimators 
should consider the effect that deducting or adding this 
large quantity of work will have on the project schedule. 
While there is usually space provided on the bid form 
to insert the separate prices, there is seldom provision 
made for indicating the schedule changes associated 
with the work involved. A note about the effect on the 
schedule may have to be added to the bid under “Bid 
Clarifications,” which are discussed in the section on 
the pre-bid review.

Allowances
Contractors can be instructed to include in their 
bids a stipulated sum of money to be expended on a 
specific work item on the project. These sums, which 
are usually referred to as cash allowances or prime 
cost sums (PC sums), are not normally required to 
be listed on the bid documents as are alternative or 
separate prices, but they are to be included in the 
bidder’s price.

The instructions to bidders could say, for example, 
“Allow $10,000 for the finish hardware as specified 
in Section 08705 of the specifications.” Contract 
conditions will normally go on to describe how the cash 
allowances are to be disbursed. Instructions usually 
state that the cash allowance shall include the actual 
supply cost of the goods required for the work but shall 
not include the contractor’s markup. The contractor is 
required to include the profit that applies to the cash 
allowance work elsewhere in its bid price.

A second type of allowance, often called a “contin-
gency sum,” differs from that previously described in that 
the funds are to be made available for a broader purpose. 
A bidder may be instructed to include a contingency sum 
of $15,000 in its bid price for extra work authorized on 
the project, in which case the cost of extra work will be 
paid out of this sum.

When the estimator first reviews the bid documents 
at the start of the estimating process, any allowances 
specified should be highlighted. Many estimators set 
up the summary sheet for the estimate at this time and 
enter details of the bid cash allowances on the sheet at 
once so that they are not later forgotten.
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Figure 15.3  �Template Showing Sample Alternates Pricing  
(Delmar/Cengage Learning)

Bid Security
On just about all public bids, and on many bids to 
private owners these days, bid security is required to 
accompany the contractor’s bid. Bid security is usually 
in the form of a bid bond or may consist of a certified 
check or other form of negotiable instrument. It is used 
to guarantee that if the bid is accepted within the time 
specified for acceptance of bids, the contractor will enter 
into a contract and furnish satisfactory contract bonds 
to the owner; otherwise, the bid security is forfeited.

Bid bonds are issued by surety companies and are 
favored by contractors over other forms of bid security 
since their use does not require large sums of money to 
be tied up for extended time periods. Certain owners, 
especially government bodies, require surety bonds 
to be drafted in a particular form, in which case the 
estimator has to ensure that the bonds obtained do 
comply with these specifications. Requests for bonds 
should be placed as soon as the bonding provisions of a 
project are determined.

BID ALTERNATIVES

	 FILE:	
	 PROJECT:	
	 LOCATION:	
	 DATE:	
	 ESTIMATOR:	

		  ADD	 DEDUCT
NUMBER	 ALTERNATIVE PRICES	  $	 $

ALT. 1	 To Substitute the Single-Ply Roofing
	 System as Specified:	 10,000	 —

ALT. 2	 To Delete Insulation from Overhead Doors:	 —	 5,000

ALT. 3	 To Add Air Conditioning Unit as Specified:	 15,674	 —

ALT. 4	 To Delete Finishes from 2nd-Floor Offices:

	 - Millwork	 —	   4,500

	 - Installation	 —	   2,000

	 - Resil Flooring	 —	   3,005

	 - Drywall	 —	   8,256

	 - Acoustic Ceiling	 —	   4,000

	 - Painting	 —	   4,982

	 - Toilet Partitions	 —	   1,150

	 - Washroom Accessories	 —	    350

	 - Installation	 —	    100

	 - Plumbing and Heating	 —	 23,850

	 - Electrical	 —	 12,900

	                  TOTAL DEDUCTION	 —	 65,093

Office/Warehouse Example

  DJP
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The face value of a bid bond is usually set at 10% 
of the bid price, but a 5% value has been specified with 
regard to some multimillion-dollar contracts. Denoting 
the dollar value of a bid bond on its face can present a 
problem when the bid price will not be established until 
only minutes before the bid is presented to the owner. 
Sometimes simply defining the value as “10% of the bid 
price” may be acceptable to the owner; when it is not, 
writing in the dollar value becomes yet another chore 
assigned to the bid runner who delivers the bid.

A second form of bid security, the Consent of 
Surety, is also frequently required to accompany bids. 
A Consent of Surety is a written statement made by a 
bonding company indicating that it will provide surety 
bonds as required by the contract to the contractor 
named in the statement. The estimator should be able 
to collect this document at the same time and from the 
same source as the bid bond.

Bid Conditions
The owner often lists on the bid forms a number of 
conditions to which the bidder expresses agreement by 
signing or sealing the bid. The list of owner’s conditions 
has been known to run to many pages on some bid 
forms, but some of the more usual examples include the 
following declarations:

	 1.	 The bidder has examined all of the contract documents 
and addenda as listed by the bidder on the bid.

	2.	 The bidder has inspected the site of the work and 
is familiar with all of the conditions relating to the 
construction of the project.

	3.	 The bidder agrees to provide all labor, materials, 
equipment, and any other requirements necessary to 
construct the complete project in strict accordance 
with the contract documents.

	 4.	 If the bidder whose bid is accepted within the specified 
acceptance period refuses or fails, within 15 days after 
the bid is accepted, (1) to enter into a contract with the 
owner, (2) to provide contract performance security, 
or both, the bidder shall be liable to the owner for the 
difference in money between the amount of the bid 
and the amount for which the contract is entered into 
with some other person. (Note that the tender security 
is in place to guarantee this last condition.) 

Many of the conditions found in the bid documents 
are placed there to shift a risk factor from the owner to 
the contractor. These conditions should be highlighted 
and brought to the attention of company management 
so that the consequence of assuming the risk involved 
can be assessed. The estimator should ensure that the 
risks imposed by both bid and contract conditions have 
all been addressed in the estimate.

The Pre-Bid Review

The objectives of the pre-bid review are threefold: (1) to 
ensure that there are no obvious omissions from the bid, 
(2) to consider ways of improving the competitiveness 
of the bid price, and (3) to consider an appropriate 
fee for the project. While the estimators will have 
previously considered all three of these elements during 
the estimating process, the additional experience and 
different viewpoints contributed by other people at the 
review meeting can often be of great benefit.

Ideally a pre-bid review meeting will take place at 
least 2 workdays before the bid closing day. This gives 
the estimator time to take action on the decisions that 
arise from the meeting and allows sufficient time for a 
brief follow-up meeting when it is necessary.

The pre-bid meeting will be attended by at least 
the project estimator and his or her supervisor who 
would normally be the chief estimator. The presence of 
other participants would depend on both the size of the 
construction company and the size of the project to be bid. 
On a large project closing for a substantial contractor, a 
company vice president or even the president may attend, 
together with a regional general manager, an operations 
manager, a project manager, the project estimating team, 
and the company’s chief estimator.

Before the review, the takeoff of the contractor’s 
work should be complete and priced; the general expenses 
should have been priced, as far as possible; and pre-bid 
subtrade proposals should have been obtained from the 
major subcontractors on the project. By the time of the 
meeting, the chief estimator should have looked over the 
bid documents and discussed the estimate generally, and 
the prices specifically, with the estimator. It is also advisable 
for everybody else attending the review to examine the 
drawings and, at least, glance over the other bid documents 
before the meeting commences; otherwise much of 
the meeting time will be taken up “enlightening” these 
attendees about the basic characteristics of the project.

The principal topics discussed at the pre-bid review 
together with typical questions raised about these 
subjects are as follows:

	1.	 The nature and scope of the project work: Is it clear 
what is involved in the project? Does the estimate 
address all of the constituent parts that it should?

	2.	 The construction methods proposed for the project: 
Can more effective or more efficient methods be 
used? If so, what will be the effect on the price of 
the work?

	3.	 The supervisory needs of the project: What key 
positions will need to be filled on the project? Will 
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there be company personnel available when these 
positions have to be filled?

	4.	 The labor resources required for the project: 
What will be the project labor demands? Are any 
problems anticipated in meeting these demands?

	5.	 The equipment needs of the project and availability 
of key items: What are the main items of equipment 
required? Will there be any problems meeting these 
requirements?

	6.	 The prices used in the estimate: Is there general 
agreement regarding the prices of key labor and 
equipment items used in the estimate?

	7.	 The project risks: Which items of the takeoff are 
considered to be risky, and how much has been 
allowed to cover the risk involved?

	8.	 The general expense prices: What has been allowed 
for in the key items of general expenses? Can 
anything be done to improve the competitiveness of 
the prices used?

	9.	 The response from subcontractors: Will prices 
be forthcoming for all the trades involved in the 
work? What problems have been identified by 
subcontractors?

10.	 The markup fee to be added to the estimate: What 
is the exposure to risk contained in this bid? What 
is an appropriate fee to include in the bid price? 
(See “Bid Markup” in the following.)

11.	 Clarifications to be submitted with the bid: Is it 
necessary to include a statement about the basis 
of the contractor’s price with the bid? (See “Bid 
Clarifications” in the following.)

All of these items and any others that affect the 
bid should be discussed in an open and mutually 
supportive climate at the bid review meeting. It should 
be made clear that the object of the meeting is not 
to criticize the work of the estimators, but, rather, to 
discuss what can be done to maximize the quality of 
the bid. Good bid reviews are infused by a team spirit 
that can restore the confidence of an estimator who is 
suffering from doubts and the feeling of aloneness that 
can torment even the best of the profession.

Important decisions can be reached in many of 
the areas discussed at the meeting, but two topics 
in particular—the bid markup and the need for bid 
clarifications—require careful consideration.

Bid Markup

A markup or fee is added to the estimated price of a 
project to contribute to the company overheads and 
profit margin in the bid. Company overheads encompass 
all the expenses, apart from the project costs, incurred 

in operating a construction company. Some expenses 
are difficult to distinguish as either company overheads 
or project expenses, but any company expenditure that 
is not the direct cost of project work or a part of the 
general expenses of a project is normally considered 
to be company overhead. Company overhead usually 
includes the following expenses:

	1.	 The cost of providing single or multiple company 
office premises, including mortgage or rent costs

	2.	 Office utilities

	3.	 Office furnishings and equipment

	4.	 Office maintenance and cleaning

	5.	 Executive and office personnel salaries and benefits

	6.	 Company travel and entertainment costs

	7.	 Accounting and legal consultant’s fees

	8.	 Advertising

	9.	 Business taxes and licenses

10.	 Interest and bank charges 

The amount of company overhead establishes the 
minimum fee a contractor needs to obtain from each 
project. In the case in which a construction company 
has an overhead of $1,000,000 and the volume of 
project work completed per year is estimated to be  
$20 million, the minimum fee is calculated as follows:

1,000,000
20,000,000

5 5%

Profit, defined as the amount of money remaining 
after all project expenses and company expenses 
have been paid, can be assessed in two ways in the 
construction business: as a return on the investment 
or as compensation for the risk assumed by the 
construction company owners. Owners who have 
extensive investments in their company, usually in the 
form of construction equipment, may wish to analyze 
their profits in terms of a percentage of the amount they 
have invested in the business. An option these owners 
always have, at least in theory, is to sell all the assets 
of the company and invest the funds elsewhere. Many 
construction company owners, however, have relatively 
small amounts invested in the operation; for these 
owners the risk assessment is far more relevant.

Right from the beginning of the pricing process, and 
even before in the takeoff section of the estimate, the question 
of risk is considered, and it is difficult to deny the claim that 
every price in the estimate has an element of risk attached to 
it. But some items in the estimate are more risky than others. 
As outlined in the discussion on risk in Chapter 8, the items 
that hold the most risk for the contractor are those in which 
the price depends on the productivity of the contractor’s 
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workforce or on the duration of the project. The value of 
these items is equal to the sum of the labor and equipment 
prices of the estimate plus the price of time-dependent 
general expense items. This amount is considered to be the 
risk component of the estimate.

Once the value of the risk component is established, 
the fee for the project can be calculated as a percentage of 
this risk component. The percentage amount used in the 
fee calculation is determined by a large number of factors, 
many of which were touched on in items discussed in the 
pre-bid review listed earlier, but the factors affecting the 
fee markup can be summarized into three main categories:

	 1.	 The construction market and the expected competition 
for the project

	2.	 The contractor’s desire for and capacity to handle 
more work

	3.	 The desirability of the project under consideration 

However, calculating the project fee as a percentage 
of the value of risk in a bid has a certain danger attached 
to it. The reasons for applying a low fee to a bid—
high competition, the contractor’s need for work, and 
a desirable project—can also influence the estimator 
into pricing the estimate optimistically. This can then 
produce a compounding effect since the low prices 
used in the estimate will lead to a low-risk component 
that will have a low-percentage fee applied to it. The 
complete reverse of this is also possible: high prices and 
a high risk factor resulting in an excessively high bid 
price. To avoid these extremes the estimator has to be 
impartial in the pricing process and try to avoid both 
undue optimism and pessimism.

Bid Clarifications

The instructions to bidders, especially on public 
projects, will frequently state that qualified bids or bids 
that have conditions attached to them will be considered 
invalid and these bids may be rejected. One of the 
reasons why it is important to obtain clear answers to 
the questions raised in the estimating process is that it 
is not advisable to state on the bid that it is based on 
this or that interpretation since the presence of such a 
statement can cause the bid to be rejected.

However, occasionally a situation arises in which 
some aspect of the bid is still not perfectly clear even 
after explanations are received from the designers, and 
the contractor wishes to avoid the consequences of 
conflicting interpretations of the contract documents. In 
such a case the group gathered together at the pre-bid  
review has to weigh the risk of these consequences 
against the risk of having the bid rejected. Sometimes 
the anticipated dangers are large enough to justify 
attaching the condition to the bid and risking rejection.

The Closing

The process of closing a bid is a time of great excitement 
in the contractor’s office. From the first day the project 
drawings and specifications arrived in the office, the 
estimator has been keenly aware of the bid deadline; 
first the days are seen to slip by, then the hours are noted, 
and finally the minutes tick away to bid closing time. 
Those estimators who enjoy the thrill of a bid closing 
may approach the final day with eager anticipation, but 
many estimators approach it with dread.

After the bid has been reviewed, the amount of fee 
set, and the changes to the bid decided on in the review 
process made, all that remains to be done is to add in 
the subtrade prices and complete the bid documents. 
This is what some estimators refer to as the crazy part 
of the process.

On a project with more than 30 subtrades when, 
over a period of just a few hours, as many as 10 bids 
can be received for each separate subtrade, the activity 
level in the prime contractor’s office can reach frenzied 
proportions. Under these conditions in which each 
subtrade price can range up to $1 million or more and a 
single mistake can cost hundreds of thousands of dollars, 
the stress on estimators can be enormous. Cool heads 
and total control are essential if panic is to be avoided.

The computer can be a useful tool in the bid closing 
process and, if used effectively, can reduce the strain on 
the estimators considerably. In this last stage of the bid, 
successful bidding, more than ever, depends on good 
organization.

Staffing the Bid Closing

On small building projects or civil engineering jobs with 
few subtrades involved, the bid closing may be handled 
in the office by no more than the estimator and the chief 
estimator. When many subtrade prices are expected for 
a project, however, additional people will be required to 
assist in the process. 

The number of estimators and assistants engaged 
in a bid closing has to be sufficient to deal with all 
telephone calls, text messages, and e-mails, and to 
gather up all fax sheets promptly, leaving the project 
estimator and the chief estimator free to analyze the 
incoming bids and complete the pricing of the estimate. 
A team of six to eight people is usually sufficient to cope 
with the task, but on very large projects, or in situations 
in which several projects close at the same time, this 
number may need to be further increased.

Where the bid is to be hand delivered, which is the 
case with most bids, one more person has to be added 
to the bid closing team for any size of project. This is 
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the “bid runner,” the person who is to deliver the bid. 
Whether the place of the bid closing is just across town 
or in a city many hundreds of miles away, the bid runner 
will usually have to write the final bid information onto 
the bid documents. This may consist of merely the final 
bid price, but many other items of information can be 
undetermined when the bid runner leaves the office with 
the bid documents. Subtrade names and alternative, 
separate, and breakdown prices are just a few of the 
possible items that may need to be completed by the bid 
runner on the documents.

The bid runner will be equipped with a cellular 
phone so that, once he or she reaches the location of 
the bid closing and finds a place nearby to complete the 
documents, contact can be established with the office 
and the final bid details received. Certain subtrades, 
being aware of this arrangement, will deliberately 
withhold its price until the last moment to avoid the 
possibility of a contractor disclosing its bid to other 
subtrades. Sometimes, therefore, bids can still be 
received by the contractor in the last few minutes before 
the closing. If care is not taken at this point, a disastrous 
situation can develop in which the bid is delayed until 
just after the closing time and is disqualified for being 
too late.

Some contractors have found it necessary to set 
a policy and inform all subtrades that no bid will be 
accepted after a stipulated time. This can be set at one hour 
or even half an hour before the owner’s bid closing time. 
The contractor then has time to handle the last-minute 
bids and the bid runner has time to complete the bid and 
hand it in before the time for accepting bids expires.

Subtrade Submissions

Subcontractors may submit their bids by phone, text 
message, fax, or even by courier, but e-mail has perhaps 
now become the preferred medium for conveying 
subtrade bids.

The price quotation may consist of a few lines 
giving the basic details or it can run to many pages. In 
just about all cases it is useful to speak to the bidder to 
first acknowledge receipt of the bid and then to discuss 
any matters of concern. The contractor receiving the bid 
not only is interested in the price, but also has to ensure 
that the bid is clear on many issues, including:

	1.	 The name of the subtrade bidding

	2.	 The trade being bid

	3.	 The name of the person submitting the bid

	4.	 The telephone number where this person can be 
contacted

	5.	 The base bid price

	6.	 Whether or not the bid is based on plans and 
specifications, and whether everything required of 
this trade is covered by the bid price

	7.	 Alternative, unit, and separate prices if required

	8.	 The taxes applicable to this item and whether they 
have or have not been included in the price

	9.	 Any conditions attached to the bid 

Figure 15.4 shows a standard form used for logging 
telephone bids. This provides a checklist that the person 
receiving the bid can follow to ensure that all the 
information required is recorded when the bid is received.

Subtrade Conditions

In Chapter 13 we discussed the problems that result 
from subcontractors submitting conditional bids; 
the estimator closing a bid should be reminded to 
examine the terms of subtrade bids carefully. When 
a subcontractor’s bid has conditions attached, the 
estimator needs to evaluate the consequences of 
accepting those conditions and make allowances, if 
necessary, in the bid price for them.

Often the subtrade’s condition is in the form of an 
exclusion from the usual work performed by that trade, 
in which case the estimator has to calculate the cost of 
the exclusion and add it to the subtrade’s bid price. If 
the subtrade’s adjusted price is still the lowest received 
for that trade, the subtrade is used in the bid and the 
excluded work is added to the prime contractor’s work.

Sometimes the condition imposed by the subtrade 
is something the contractor needs to discuss with the 
owner. For instance, the subtrade may offer a price 
on the condition that it have the use of a certain size 
storage space at the site. If the contractor is aware of 
the condition early enough, the question can be raised 
with the owner’s design consultant and confirmation 
of whether or not the required space is available can 
be obtained before the bid closing. But when the 
contractor is made aware of this condition only an 
hour or so before the bid closing time, there is no time 
to discuss the matter. This is the kind of situation in 
which the benefit of pre-bid subtrade proposals is most 
appreciated.

Naming Subcontractors

Compilation of the list of proposed subcontractors 
can be yet another problem for the bidder. Because 
of time constraints, subtrade bid conditions, and 
the overwhelming need to put together the most 
competitive price, the final list of subcontractors may 
not be available until moments before the bid is to be 
handed in. Often having just a few more minutes after 
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Figure 15.4  �Standard Form for Logging Telephone Bids  
(Delmar/Cengage Learning)

the bid is submitted would be useful to the contractor 
for sorting out exactly whose prices were used in the 
last-minute scramble to finish off the bid.

While some owners and their design consultants are 
sympathetic about the contractor’s difficulties, they point 
out, with some grounds, that to allow even a short time 
after the bid for contractors to make their list of subtrades 
would be an invitation to the unscrupulous contractor 
to engage in bid shopping of subtrade prices. So the 
required list of proposed subcontractors can be expected 
to remain as a pre-bid condition on most contracts.

Bid Breakdown

To further complicate the task of the estimator who is 
trying to close out a bid, some owners call for a cost 
breakdown to be attached to the bid documents. This 
breakdown is often required in a form similar to the 
estimate summary in which a price is indicated for each 
of the trades involved in the work. The information is 
generally requested to provide a basis for evaluating 
monthly progress payments on the project. More 
reasonable contract requirements usually state that 

TELEPHONE BID

Trade Classification: ______________________________

	 Date: ______________

Project:  ____________________________________________________________

Bidder: ___________________________ By: ______________________________

Address: __________________________ Phone: ___________________________

=============================================================

BASE BID: _________________________________________________________

	 INCLUDED    EXCLUDED

TAXES:	 State: ___________________________________

		  Federal: ________________________________

REMARKS:____________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
___________________________________________________________

=============================================================

ALTERNATES: _____________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
___________

=============================================================

Taken By: _______________________________
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the bidder awarded the contract shall submit this 
breakdown to the owner within a stated time after the 
contract award date.

Preparation of this information at the time of the bid 
is a major chore for the estimator because the prices stated 
have to include profit and overhead amounts and many 
of these prices will not be available until the day of the 
bid closing, sometimes only minutes before the closing. In 
some cases, bidders just “rough out” the breakdown and 
submit the approximate values with the bid. In a few cases 
contractors have risked having their bids disqualified for 
failing to include the breakdown with their bid. These 
contractors may state on their bid that the breakdown 
is not available at this time but will be forwarded to the 
owner within 24 hours of the bid closing time.

Computerized Bid Closing

Computer programs are available to perform all the 
calculations and price compilations that are necessary 
in the closing stages of an estimate. Merely having the 
bid summary set up on a computer spreadsheet provides 
a great advantage over manual methods. When a 
subtrade price is changed on the summary the computer 
can be preprogrammed to automatically recalculate 
all consequential amounts and immediately display 
the revised bid price. But there are software packages 
designed especially for bid closing situations that offer a 
number of useful additional features.

Estimating staff may still be required to handle the 
telephones and collect the subtrade faxes but, with bid 
closing software operating on a computer network, prices 
can be constantly inputted into the system from any of 
the computers on the network. The estimator compiling 
the bid is then able to continually analyze the incoming 
prices and make selections from the combined input 
from all the estimators situated at their own terminals.

Bid closing software is normally compatible with 
other estimating software so that prices estimated on 
one system can also be used as input into the bid closing 
system. Changes made in material, labor, or equipment 
prices in one part of the estimate will be automatically 
reflected in the bid price.

Bells and whistles (literally) are also available with 
some systems to warn the estimator in charge about the 
time remaining before bid closing time.

Unit-Price Bids

Unit-price bids differ from lump-sum bids in that the 
contractor is not bidding a price to complete the project 
but is offering to perform the work of the project for 
the unit prices quoted. At the conclusion of a lump-sum 
contract, in the absence of any changes in the work, the 

contractor will have been paid exactly the price quoted 
in the bid. In contrast, when a contractor has performed 
a unit-price contract, the total amount paid to the 
contractor will depend on the quantity of work completed 
by the contractor during the course of the project.

With a unit-price bid the primary bid document 
is a “Schedule of Prices” that comprises an itemized 
breakdown of the work of the project. The contractor 
completes the bid by inserting a price per unit of work 
measured against each work item listed on the schedule 
and then uses the quantities shown on the schedule to 
calculate the cost of the work. An example of a Schedule 
of Prices, before the contractor’s unit prices are inserted, 
is shown in Figure 15.5.

The estimate of a unit-price bid begins in the same 
way as the estimate of a lump-sum bid: with the takeoff 
of the quantities of work from the drawings that are 
furnished with the bid documents. Unit-price contract 
terms usually state that the design depicted on the bid 
drawings is subject to change; actual quantities of work 
required for the project may be more or less than those 
shown in the drawings. However, the estimator has 
no choice but to base the bid price on these drawings 
since there is nothing else to go by. If the actual work 
performed on the project is significantly different from 
that shown in the drawings or indicated in the Schedule 
of Prices provided with the bid, most unit-price contracts 
allow for the adjustment of the contract unit prices.

The Recap

The recap format for the takeoff items of a unit-price 
bid is quite different from the format used with a 
lump-sum bid. The unit-price recap has to reflect the 
list of items provided on the bid Schedule of Prices. 
Sorting work items according to trade, which is done 
for convenience of pricing on a lump-sum bid, is not 
possible on a unit-price bid in which a separate recap 
is required for each item listed on the Schedule of Prices.

The recap for item number 201, “Excavation 
Common Dry,” of the Pedestrian Bridge Bid is shown 
in Figure 15.6. On this recap all the work associated 
with this work item is listed. The estimator has to be 
sure that all the costs involved in the work of a bid item 
are taken off and priced because, if they are not and the 
work is not listed elsewhere as a separate item on the 
Schedule of Prices, the contractor will not be paid for 
it. For instance, in this example the contractor knows 
that the excavated soil will have to be trucked away 
from the site. There is no item for removing excavated 
material on the Schedule of Prices, so the cost of this 
operation has to be added to the cost of excavating the 
material. When this has been done, and the contractor 
is later paid for excavation work on the project, the 
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Figure 15.5  Schedule of Prices (Delmar/Cengage Learning)

	 PROJECT: Pedestrian Bridge

GROSS FLOOR AREA:

	 LOCATION:

	 DATE:

	 CONTRACTOR:

SCHEDULE OF PRICES

ITEM QUANTITY UNIT UNIT PRICE AMOUNT $

100 Site clearance Allowance — — 3,000.00 

200 EXCAVATION

201 Common dry 6100 cu. yd.

300 BACKFILL

301 Common 1500 cu. yd.

302 Pit-run 3100 cu. yd.

400 CONCRETE

401 Class “A” 37 cu. yd.

402 Class “B” 1030 cu. yd.

403 Class “D” 17 cu. yd.

404 Slope protection 250 cu. yd.

405 Wearing surface 27 cu. yd.

406 Nonshrink grout 25 cu. ft.

500 REINFORCING STEEL 195 ton

600 GUARDRAIL 180 feet

700 EXPANSION JOINTS 201 feet

800 PRECAST CONCRETE 26 ton

SUBTOTAL:

10% Allowance for extra work — — —

BID TOTAL:

amount received will be sufficient to pay for the cost of 
excavation and for the removal of surplus soil.

After each recap is priced, the pay quantity of that 
item has to be calculated. If the contractor performs the 
amount of work taken off for this item, what quantity 
of work will be paid for in accordance with the terms 

of the contract? This is the question that needs to 
be answered in order to determine the pay quantity, 
because the quantity of work done as measured by the 
method defined in the contract will normally be quite 
different from the actual amount of work done. Every 
unit-price contract has to provide definitions of how the 

99395_ch15_ptg01_275-298.indd   288



	 CHAPTER 15    CLOSING THE BID	 289

work done is to be measured for payment; otherwise the 
owner may end up paying for a lot of unnecessary work.

With some work the contract terms may reflect 
the same kind of measurement rules used in the takeoff 
section of this book: net in-place quantities are measured 
that conform with the sizes shown in the drawings. But 
where sizes are not shown on the drawings, as is the case 
with excavation work, another way to measure quantities 
has to be employed. The method of measurement of 
excavation work defined in a unit-price contract usually 
results in a theoretical quantity that is much lower in 
value than the actual quantity excavated. In this case, two 
quantities are measured by the estimator: the quantity 
that reflects the actual amount of work expected and the 
(theoretical) quantity measured in accordance with the 
contract-defined methods. It is this second theoretical 
quantity that we refer to as the “pay quantity.”

In the example recap in Figure 15.6, the pay 
quantity has been made equal to the actual quantity 

but, in practice, the pay quantity will normally be less 
than the actual quantity.

The Summary

When the recap for each of the Schedule of Prices items 
has been completed, the overheads and fee for the 
project have to be distributed against the recap prices 
obtained. This distribution can be achieved with the use 
of a wide spreadsheet, as shown in Figure 15.7. The item 
descriptions together with the labor, material, equipment, 
and subtotal 1 prices are copied directly from the recaps.

The general expenses for the project are calculated 
in the usual way on a separate General Expenses sheet, 
and then the total is inserted at the bottom of the 
General Expenses column on the spreadsheet. This total 
is then distributed against the work items in proportion 
to the value of the labor content of each work item. The 
labor value is chosen as the basis of distribution because 

Figure 15.6  Item 201: Recap (Delmar/Cengage Learning)

PRICING SHEET

JOB: Pedestrian Bridge

ESTIMATOR: DJP

SHEET No.	 1 of 13

DATE:

 
No.

 
DESCRIPTION

 
QUANTITY

 
UNIT

UNIT 
PRICE 

LABOR 
$

UNIT 
PRICE $

MATL $ UNIT 
PRICE

EQUIP 
$

TOTAL 
$

201 EXCAVATION  
COMMON DRY

201.1 Excavate Trench for 
Footings

6,168 cu. yd. 1.50 9,252 — — 1.80 11,102 20,354

201.2 HandTrim Bottoms of 
Excavations

3,600 sq. ft. 0.95 3,420 — — — — 3,420

201.3 Remove Surplus 
Material

1,636 cu. yd. 6.00 9,816 — — 6.50 10,634 20,450

TRANSPORT 
EQUIPMENT

201.4 1.5 cu. yd. Loader — — — — — — 250 250

201.5 0.75 cu. yd.  
Backhoe

— — — — — — 250 250

TOTALS: 22,488 — 22,236 44,724

PAY QUANTITY = 6,168 cu.  yd.
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the overheads represented by the general expenses will 
vary in accordance with the labor cost of the work 
rather than the material or equipment costs.

In the example, the total general expenses were 
calculated to be $277,849, so the ratio as a proportion 
of the total labor cost of the work will be

$277,849
$307,599

5 0.9033

Then the amount of general expenses assigned 
to item 201, Common Dry Excavation, will be 
$15,067 3 0.9033 5 13,610, and so on.

The amount for add-ons 1, which includes a small 
tools allowance and the payroll additive, is calculated 
as a percentage of the labor cost of each item. Adding 
subtotal 1, the general expenses, and add-ons 1 together 
gives subtotal 2. Add-ons 2, for surety bonds and 
insurance, are then calculated as a percentage of subtotal 
2 and added in to give subtotal 3. The fee is distributed 
as a percentage of subtotal 3. Note that no fee can be 
added to the PC sums for site clearing and miscellaneous 
force account work. A column is provided so that any 
necessary adjustments can be made at this stage, and, 
finally the total amount for each item is determined.

The unit price of each work item is calculated by 
dividing the total amount for the item by the pay quantity 
in each case. The pay quantity, as previously discussed, is 
copied here directly from the recap of each work item. 
Finally we return to the bid form. See Figure 15.8.

The Unit-Price Bid Form

The last stage in the preparation of a unit-price bid is to 
complete the bid form. This is achieved by inserting the 
unit prices calculated on the spreadsheet against each 
of the work items listed on the Schedule of Prices bid 
form. Then the amounts for each item are calculated by 
multiplying the unit price by the contract quantity in each 
case. The contract quantity is the quantity that is indicated 
against each work item on the Schedule of Prices; it is 
determined by the design consultants who prepare the 
contract documents. These contract quantities are usually 
preprinted onto the Schedule of Prices bid document so 
that all bidders base their total price on the same set of 
quantities. The contract quantities are what the designers 
consider to be roughly the amount of work to be done 
on the project but may bear little resemblance to the pay 
quantities used by the contractor’s estimator to compute 
the unit prices in the bid.

Unbalanced Bids

In the example of the aforementioned unit-price 
estimate, the overheads and fee for the project were 

distributed evenly against the cost of the work, but 
many contractors see an advantage in allowing a higher 
proportion of overheads and fee against the work being 
completed early in the project. The contractor who 
indulges in this price manipulation expects to obtain 
payment for all of the project overheads and fee in 
the first few months of the project duration. However, 
there is a risk attached to this practice because, if the 
actual quantities of the items containing overheads 
and fee decrease and the quantity of the other work 
increases, the contractor will be left with considerably 
less payment for overheads and fee than expected.

Often contract documents will state that unbalanced 
bids will be disqualified. This is because owners do not 
want to assume the risk of overpaying a contractor 
in the early stages of a project. In the case in which a 
contractor has manipulated prices so that some unit 
prices are obviously overvalued, this contractor may 
find that his or her bid is simply rejected by the owner.

After the Bid

Once the bid is submitted and the bid closing time 
passes, those who were involved in the estimate, 
after perhaps sharing a moment of euphoria in the 
knowledge that the process is finally at an end, turn 
their attention to the bid results. A different excitement 
from the one felt in the final stages of the bid now grips 
the team. The office scene is now calm after the chaos 
of the bid closing, but there is an underlying tension, 
first, about the position of the bid: Was it low? Was it 
high? And, second, there is tension about the bid itself: 
Was everything covered? Were there any mistakes?

Government agencies and some private owners 
open the bids in public shortly after the closing, in 
which case the anxieties of the estimators will soon be 
relieved or, in the case of a very low bid, they may be 
multiplied. Whatever the results, a review of the bid 
should be undertaken and all the loose ends left by the 
estimating process need to be tidied up.

After the bid, the items that need to be attended to 
include the following:

	1.	 Tabulate the Bid Results—Figure 15.9 shows 
a typical bid results table. This table should be 
appended to the Bid Report Document that was 
written up at the start of the estimate. Copies of the 
bid results table are usually distributed to senior 
management personnel and to all of the people who 
were present at the bid review meeting.

	 2.	 Compile the Bid Documents—Drawings, specifi
cations, and other documents provided by the 
design consultants for the bid are gathered together.
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Figure 15.8  Schedule of Prices: Bid Form (Delmar/Cengage Learning)

100 Site Clearance Allow — — 3,000.00 

200 EXCAVATION

201 Common dry 6100 cu.yd $12.80 78,080.00 

300 BACKFILL

301 Common 1500 cu.yd $18.68 28,020.00 

302 Pit-run 3100 cu.yd $49.30 152,830.00 

400 CONCRETE

401 Class “A” 37 cu.yd $151.27 5,596.99 

402 Class “B” 1030 cu.yd $383.96 395,478.80 

403 Class “D” 17 cu.yd $409.34 6,958.78 

404 Slope protection 250 cu.yd $639.01 159,752.50 

405 Wearing surface 27 cu.yd $846.11 22,844.97 

406 Nonshrink grout 25 cu.ft $763.21 19,080.25 

500 REINFORCING STEEL 195 ton $1,880.81 366,757.95 

600 GUARDRAIL 180 feet $335.51 60,391.80 

700 EXPANSION JOINTS 201 feet $290.59 58,408.59 

800 PRECAST CONCRETE 26 ton $702.81 18,273.06 

SUBTOTAL: — — — 1,375,473.69 

10% Allowance for extra work — — — 137,547.37 

BID TOTAL: 1,513,021.06 

	 PROJECT: Pedestrian Bridge

GROSS FLOOR AREA:

	 LOCATION:

	 DATE:

	 CONTRACTOR:

SCHEDULE OF PRICES

ITEM QUANTITY UNIT UNIT PRICE AMOUNT $
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	3.	 Return Bid Documents—If the bid is not one of the 
three low prices, the bid documents are returned to 
the design consultants and the deposit left for these 
documents is claimed.

	 4.	 Store Bid Documents—If the bid results have not 
been made public or if the bid is one of the three 
low bids, the bid documents are retained pending 
the award of contract. Should a contract be awarded 
to this contractor, these documents will provide 
evidence of the basis of the bid, so they should 
be held in safe storage by the contractor. In no 
circumstances should these documents be sent back 
to either the designer or the owner.

	5.	 Compile and Store the Estimate File—All the 
price quotations from material suppliers and 
subcontractors should be collected, together with 
all the other estimate documents in an estimate 
file. This will be the principal resource used in the 
review process that follows. Afterward whatever 
the outcome of the bid, this file should be kept in 
safe storage for future reference.

	6.	 Handle Subcontractors—How contractors deal 
with subcontractors at this stage is a matter of 
individual company policy. Immediately after the 
bid closing, some contractors are willing to disclose 
whether a subtrade’s price was or was not used 
by the contractor in its bid. Some contractors will 
disclose this information to subtrades at a later stage 
when the bid results are made public, while other 

contractors refuse to even provide this information. 
These last contractors, if they are awarded the 
contract, will notify only those subtrades that they 
intend to award contracts to. 

Post-Bid Review

If possible the group of people who attended the pre-
bid review should return for the post-bid review. 
Depending on what the bid results were, there will often 
be many questions that arise after the bid is submitted. 
In general terms, if the bid was not successful, the prime 
consideration will be as follows: What needs to be done 
in the estimating process to improve the success of our 
bids? Clearly, if mistakes were made, action needs to 
be taken to try to avoid repeating the same mistakes. 
If problems were encountered in the estimating process, 
the group needs to consider what can be done on future 
bids to prevent these problems from recurring. If a bid 
was extremely high or low, the major component prices 
of the bid should be examined to try to determine why 
the overall price was so extreme.

Sometimes, after all the prices used in the bid 
have been pored over and all kinds of alternative 
approaches and possible lower subtrade prices have 
been considered, the contractor finds that the price of 
low bid can be reached only if the estimate is to be 
priced below cost with no fee included. In this situation 
the most feasible explanation seems to be that the low 
bid contains an error and this contractor is consoled 

Figure 15.9  Bid Results Tabulation (Delmar/Cengage Learning)

BID RESULTS

	 FILE:	 BR94526

	 PROJECT:	 Parkade Structure

	 LOCATION:	 Townsville

	 DATE:	 1-SEPT-94

	 ESTIMATOR:	 DJP

	 Bid Price  
	 $

1. Construction Company AAAA	 11,007,694	 1.00

2. Construction Company BBBB	 11,388,279	 1.03

3. Construction Company CCCC	 11,397,239	 1.04

4. Construction Company DDDD	 11,526,754	 1.05

5. Construction Company EEEE	 11,772,156	 1.07

6. Construction Company FFFF	 11,820,000	 1.07

7. Construction Company GGGG	 13,665,892	 1.24
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only by the notion that the successful contractor will 
lose so much money on the project that he or she will 
not be around too much longer to cause any further 
problems.

The Estimate: Cost Control Cycle

The bid estimate will be a primary resource in project 
cost control for the contractor who is awarded the 
contract to perform the work.

Because construction work is project oriented, 
construction contractors pursue cost control on a 
project-by-project basis. Managers need to know how 
much is being spent on project X so that they can assess 
whether project X is meeting its budget. This will enable 
managers to take timely action on project X if a budget 
problem is found there.

The cost-accounting function in a construction 
company will record all the expenses incurred in 
the operation of the entire company; the project cost 
control system will be the component of the overall 
cost-accounting function that deals with individual 
project costs.

The first step in the cost control process is to use the 
estimate to set up a budget for each work item on the project. 
As work advances and expenses are incurred, these costs 
are allocated to the particular items of work they relate to. 
Reports are then generated that show the costs expended on 
each work item next to the budget for that item. This helps 
the people managing a project identify where problems are 
occurring so that they can quickly instigate measures, where 
necessary, to deal with these problems.

There is also a secondary purpose, which is to 
assemble cost data for use in estimating future jobs. The 
estimate–cost control process is circular in nature. If we 
begin with the bid estimate, this defines the budget for 
the construction work; the actual costs of the work are 
captured by the cost control system during construction; 
these costs are then analyzed and retained in databases 
that provide information for the preparation of 
subsequent bid estimates. And so the cycle continues.

Summary Example 1: House

Notes on Summary Shown in Figure 15.10

 	1.	 At the top of the summary sheet, the labor, 
material, equipment, and totals from the recaps of 
the contractor’s work are listed.

	 2.	 Because most of the work involved in the construction 
of this house has been measured in the takeoff, there 
are few subtrades listed on this summary.

	3.	 The price of plumbing, heating, and ventilating 
work is combined in the amount of $12,700, and 
the electrical subtrade price is $7,815.

	4.	 The price of general expenses is entered from the 
General Expense sheet.

	5.	 Add-ons for small tools and payroll additives are 
calculated as a percentage of the total labor amount 
of the bid.

	6.	 Building permit and insurance add-ons are 
calculated as a percentage of the bid total. When 
the bid is being compiled by hand, as in this case, 
this calculation presents something of a problem as 
these prices are part of the bid total. This problem 
can be overcome in two ways. A percentage based 
on the value of subtotal 4 can be calculated using 
the method shown in Chapter 14 under the heading 
“Bid Total Add-Ons.” Alternatively, a trial-and-
error method can be employed. An approximate 
value is used for the bid total and the summary 
completed. The resulting bid total is compared with 
the value used to calculate the add-ons. If there is a 
large error, the process is repeated until the margin 
of error is within acceptable limits.

	 7.	 The cost per square foot is calculated at the end of 
the summary sheet by dividing the Bid Total by the 
gross floor area of the project that is listed at the top 
of the page. This provides a check on the accuracy 
of the Bid Total; a square foot cost that appears 
too high or too low would sound a warning to the 
estimator.

Summary Example 2: Office/
Warehouse Building

Notes on Excel Summary (Figure 15.11)

	1.	 The amounts for the contractor’s own work come 
from the priced recaps for each trade. The amounts 
shown here can be linked to the recaps so that a 
change on a recap will automatically be reflected in 
the summary amounts.

	2.	 The list of subcontractors would have been 
compiled at the start of the estimating process, as 
previously discussed. At the time of the bid closing, 
the estimator simply enters the price for each trade, 
usually the lowest bid received for that trade.

	3.	 Add-ons may be based on labor, materials, another 
cost category, or the bid total as shown.

	4.	 The price per square foot is based on the gross floor 
area of the project and is used as an accuracy check 
of the total bid amount. 
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Figure 15.10  House Example: Estimate Summary (Delmar/Cengage Learning)

	 PROJECT: House Example

	  FLOOR AREA: 1080 SF

	 LOCATION:

	 DATE:

	 ESTIMATOR: ABF

ESTIMATE SUMMARY

DESCRIPTION LABOR $ MATL. $ EQIUP. $ SUBS. $ OTHER $ TOTAL $

OWN WORK

EXCAVATION & FILL 3,988 1,436 3,175 — — 8,599 

CONCRETE WORK 1,378 6,847 450 — — 8,675 

FORMWORK 12,826 2,342 — — — 15,168 

MISCELLANEOUS 2,043 906 59 — — 3,008 

MASONRY 2,012 2,146 — — — 4,158 

ROUGH CARPENTRY 14,246 13,998 — — — 28,244 

FINISH CARPENTRY 8,539 21,005 — — — 29,544 

EXTERIOR FINISHES 6,714 7,823 — — — 14,537 

INTERIOR FINISHES 13,079 13,556 — — — 26,635 

Subtotal 1: 70,059 3,684 0 0 138,568 101,918 

SUBCONTRACTORS

PLUMBING — — — 12,700 — 15,240

HEATING AND VENTILATING 
(Included with Plumbing)

— — — —

ELECTRICAL — — — 9,380 — 9,380

Subtotal 2: 64,825 70,059 3,684 24,620 0 163,188 

GENERAL EXPENSES 22,190 2,800 16,341 4,350 — 45,681 

Subtotal 3: 87,015 72,859 20,025 28,970 0 208,869 

ADD-ONS

FINANCING Nil — — — — — —

SMALL TOOLS 5% of Labor — — — — 4,351 4,351 

PAYROLL ADDITIVE 25% of Labor — — — — 21,754 21,754 

SALES TAX 7% OF Materials — — — — 5,100 5,100 

BUILDING PERMIT $7.00/1000 of Bid — — — — 1,878 1,878 

PERF. BOND  Nil — — — — — —

LAB. & MATL. BOND Nil — — — — — —

INSURANCE $5.00/1000 of Bid — — — — 1,342 1,342

FEE Lump Sum — — — — 25,000 25,000 

Subtotal 4: 87,015 72,859 20,025 28,970 59,424 268,293 

ADJUSTMENT — — — — — —

       BID TOTAL: 268,293

Price per S.F.  =       $248.42
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Figure 15.11  �Summary Spreadsheet: Office/Warehouse Example  
(Delmar/Cengage Learning)

	 SUMMARY:

	 Job: Office/Warehouse Project

ESTIMATOR: DJP

SHEET No. 1 OF 1

DESCRIPTION LABOR $ MATL $ EQIUP $ SUBS $ OTHER $ TOTAL $

Own Work

Excavation & Backfill 12,468 16,798 10,346 0 0 39,612

Formwork 39,306 8,184 0 0 0 47,490

Concrete Work 11,243 70,387 4,148 0 0 85,778

Misc. Concrete Work 38,362 19,780 1,457 14,654 0 74,253

Masonry Work 44,391 68,089 1,470 0 0 113,950

Subtotal 1 145,770 183,238 17,421 14,654 0 361,083

Subcontractors

Finish Hardware Allowance 0 0 0 8,500 0 8,500

Site Paving 0 0 0 48,550 0 48,550

Landscaping 0 0 0 12,032 0 12,032

Piling 0 0 0 37,800 0 37,800

Reinforcing Steel 0 0 0 64,850 0 64,850

Steel Building 0 0 0 665,000 0 665,000

Miscellaneous Steel 3,339 0 0 11,130 0 14,469

Carpentry 0 0 0 10,800 0 10,800

Millwork & Wood Doors 6,660 0 0 22,200 0 28,860

Roofing 0 0 0 91,200 0 91,200

Caulking & Damp-proofing 0 0 0 2,700 0 2,700

Hollow Metal Doors & Frames 3,672 0 0 12,240 0 15,912

Overhead Doors 0 0 0 43,195 0 43,195

Windows 0 0 0 74,890 0 74,890

Resilient Flooring 0 0 0 60,246 0 60,246

Drywall 0 0 0 46,200 0 46,200

Acoustic Ceiling 0 0 0 18,300 0 18,300

Painting 0 0 0 29,000 0 29,000

Toilet Partitions 0 0 0 7,780 0 7,780

Washroom Accessories 950 0 0 1,950 0 2,900

Plumbing & HVAC 0 0 0 247,500 0 247,500

Electrical 0 0 0 171,060 0 171,060

Subtotal 2 160,391 183,238 17,421 1,701,777 0 2,062,827

General Expenses 127,050 14,050 24,276 28,000 14,410 207,786

Subtotal 3 287,441 197,288 41,697 1,729,777 14,410 2,270,613

Add-ons

Small Tools 3% Labor 0 0 0 0 8,623 8,623

Payroll Additive 25% Labor 0 0 0 0 71,860 71,860

Safety 2½% Labor 0 0 0 0 7,186 7,186

State Taxes 7% Materials 0 0 0 0 13,810 13,810

Building Permit $6.00 per 1000 of Bid 0 0 0 0 15,300 15,300

50% Bond $7.25 per 1000 of Bid 0 0 0 0 18,488 18,488

Insurance $3.00 per 1000 of Bid 0 0 0 0 7,650 7,650

Fee Lump Sum 0 0 0 0 130,000 130,000

Subtotal 4 287,441 197,288 41,697 1,729,777 287,327 2,543,530

Adjustment 0 0 0 0 0 0

Bid Total 287,441 197,288 41,697 1,729,777 287,327 2,543,530

Price per SF: $101.74
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SUMMARY

�� This chapter considers the last stages in completing 
an estimate and submitting a bid. For this process 
to be concluded successfully, it has to be carefully 
planned and organized.

�� Most contractors use a standard format of summary 
to capture all the main components of an estimate.

�� A construction contract bid is compiled in three 
stages: the advance stage, the review stage, and the 
closing stage.

�� As much of the estimate as possible is finalized in 
the advance stage; also a plan for the delivery of the 
bid is formulated at that time.

�� In addition, the contractor has to address the 
following items in the advance stage:
1.    Completion of bid forms
2.    Calculation and listing of unit prices
3.    Alternative prices (alternates)
4.    Separate prices
5.    Allowances
6.    Bid security—bid bonds and deposits
7.    Bid conditions 

�� A pre-bid review meeting will usually take place at 
least 2 workdays before the bid closing day. This 
review is conducted for three main reasons:

1.   � To ensure that there are no obvious omissions 
from the bid

2.   � To consider ways of improving the competitive-
ness of the bid

3.   � To consider an appropriate fee (bid markup) for 
the project 

�� The bid markup has two components: a contribution 
to cover company overheads and profit, which is 
generally assessed as compensation for the risk taken 
by the contractor.

�� A bid closing can be a period of hectic activity 
in a contractor’s office with a large number of 
competing subcontractors submitting bids for often 
more than 30 different trades.

�� The bid closing needs to be properly staffed and 
organized to effectively deal with all the fax, e-mail, 
and telephone bids received over a relatively short 
time period.

�� One of the problems that can arise during the 
bid closing is the submission by subtrades of 
conditional bids.

�� Whereas lump-sum bids involve calculating a single 
final price and assembling a list of subtrades, with 
a unit-price bid the contractor is also required to 
complete a “Schedule of Prices,” that is, an itemized 
breakdown of the work of the project.

�� A number of tasks follow the bid submission, 
including:
1.    Tabulation of bid results
2.    Gathering together all documents
3.    Returning bid drawings and specifications
4.    Storing bid documents
5.    Compiling the estimate file
6.    Handling subcontractor inquiries
7.    Conducting the post-bid review 

 REVIEW QUESTIONS

	 1.	At which point in the bid process are errors most 
likely to occur? Explain why.

	 2.	What should happen to bid documents in the 
advance stage of a bid?

	 3.	Why is the planning of the delivery of a bid an 
important part of the advance stage of the bidding 
process?

	 4.	What is the usual function of unit prices when they 
are required to accompany a lump-sum bid?

	 5.	Why do owners frequently call for alternative prices 
to be quoted with bids for construction work?

	 6.	What are “separate prices,” and what is their func-
tion in the bid process?

	 7.	 If a “cash allowance” for floor finishes was specified 
in the contract documents of a project, what action 
would the estimator who is preparing a bid on the 
project have to take?

	 8.	What is the most common form of bid security for 
construction bids?

	 9.	What is the purpose of bid security?

	10.	What are the objectives of, and who should attend, 
the pre-bid review?

	11.	Of all the prices that are contained in a contrac-
tor’s bid, which items hold the most risk for the 
contractor?
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	12.	Why do some contractors include “bid clarifica-
tions” with their bid even when they risk having 
their bid rejected by doing this?

	13.	Why is it often difficult for an estimator to prepare 
a cost breakdown with the bid?

	14.	What is the major difference between a lump-sum 
bid and a unit-price bid?

	15.	What are “unbalanced” unit-price bids, and why do 
contractors manipulate their bids in this way?

	16.	What is the purpose of a post-bid review? 
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 Chapter

16

Budget Estimating

OBJECTIVES

After reading this chapter and completing the review questions, you should be able to do the following:

•	 Describe preliminary estimating options for 
preparing budgets.

•	 Identify the strengths and weaknesses of each 
preliminary estimating option. 

•	 Differentiate single-rate methods from multi-
rate methods of preliminary estimating.

	

•	 Use the following techniques to prepare 
preliminary estimates:
•	 Cost per unit.
•	 Cost per unit area.
•	 Cost per unit volume. 
•	 Cost per typical bay.
•	 Assembly estimating.
•	 Develop unit prices for 	

assembly estimates. 

Introduction
The way contractors (and also, to some extent, 
subcontractors) obtain their work has changed over 
the years. At one time a person who was considering 
the construction of a building project would begin by 
consulting an architect. If they decided to proceed with 
the project, the architect would usually coordinate 
a fairly standard process to design and construct 
the proposed building. Because this process would 
provide a contractor’s estimator with a set of contract 
documents that fully define the scope of the project, 
detailed estimating techniques could be used to generate 
an accurate forecast of the cost of the work. However, 
as we outlined in Chapter 1, this traditional approach 
to construction has been eroded by the introduction of 
alternative project delivery methods with the primary 
goal of achieving project completion more quickly. In 
all cases, these alternatives call for the work to begin 

before a full design of the work is available, making it 
difficult at this stage to use detailed estimating methods. 
However, reliable budget estimates are still called for by 
the developer who wants to make a true assessment of 
the economic viability of the project, and by contractors 
to enable them to compile realistic prices for lump-sum 
bids on projects that are yet to be designed. A different 
way of accurately estimating construction costs is needed 
to achieve these objectives.

Methods of Estimating

Estimators typically turn to preliminary estimating 
methods to compile a budget estimate when there is 
too little design information available to put together 
a detailed estimate. Preliminary methods of estimating 
can be divided into two main categories: single-rate 
methods and multi-rate methods. Single-rate methods 
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include the price per unit, price per unit area, and price 
per unit volume. Multi-rate methods include price per 
typical bay, assembly, and elemental estimates. Although 
the detailed estimating method will perhaps deliver 
higher accuracy than any of these alternatives, we will 
see that it is possible to achieve a realistic cost forecast 
quickly using some of these preliminary estimating 
techniques.

Single-Rate Methods

Price per Unit

With the price per unit method of estimating, a certain 
unit that is common to all projects of this type is 
selected and the number of these units is calculated for 
each project, for example, beds in a hospital. Using this 
method, the construction cost of a newly constructed 
hospital is divided by the number of beds provided in 
the new building. This calculation provides the unit 
price per bed, which can then be used to price future 
hospital projects by multiplying the number of beds in 
the proposed facility by this unit price per bed.

The units adopted to facilitate this analysis depend 
on the type of project under consideration. Cost per 
stall may be used with a parking garage, cost per suite 
in an apartment building, and cost per student if the 
construction of a college was under consideration. 
In each case, the costs of completed projects are 
analyzed to determine unit prices by dividing the total 
construction cost by the number of units in the project. 
The unit price obtained is then applied to future projects 
to arrive at their anticipated total prices.

An accurate forecast of cost will be obtained only 
if the future project is very similar to those previously 
analyzed with regard to such items as the price of 
resources, the construction design, the total project 
size, the quality of finish, the geographical location, 
and the time of year the work was undertaken. Clearly, 
differences between previous projects and the new one 
can be expected in most of these areas. Such differences 
seriously reduce the accuracy of price per unit estimates, 
and making the proper price adjustments for these 
project differences is most difficult.

Using this estimating method can generate a rough 
estimate quickly, but the lack of accuracy will render it 
of little use in cost planning. However, this method is 
often used to determine the very first notion of a price 
in early discussions of a project and as a crude means of 
comparing the known costs of different buildings. 

For example, suppose a 500-bed hospital wing 
has been constructed for $60 million. So the unit 
cost 5 $30 million/500 beds 5 $60,000 per bed.  

A similar 400-bed wing is proposed, so its estimated 
price is 400 3 $60,000 5 $24 million. This method of 
preliminary estimating has some strengths:

	 •	 Produces an estimate quickly.

	 •	 Little data required for the calculation—just the 
number of units involved and the projected cost per 
unit.

	 •	 Can serve as a rough check on estimates.

	 •	 One building can be compared with another on a 
functional basis.

	 •	 It can be an indication of design efficiency.

	 •	 Some data are published on unit costs (but reliabil-
ity can be questionable).

	 •	 This type of analysis is easy to communicate  
to laypeople. 

But it also has some major weaknesses:

	 •	 Low level of accuracy.
	 •	 Because there is no breakdown of the single rate, it 

is not useful for controlling costs. 

Price per Unit Area

Here the unit of analysis is the square foot or square 
meter of gross floor area of the project. The gross floor 
area is defined as the area of all floors measured to 
the outside of containing walls. As with the previous 
method, the analysis begins with the construction cost 
of a completed project. The known project construction 
cost is divided by the gross floor area of the project to 
obtain a cost per unit area, which can then be applied to 
future projects to estimate their construction cost.

This is the most common method of preliminary 
estimating, as it is easy to understand and a large 
amount of data on prices per square foot is published 
that may supplement data derived from designers’ 
analysis of their own projects. Because one of the first 
details of design to be defined is always the floor area 
of a proposed building, this method of estimating can 
be applied very early in the development of a project. 
However, virtually all the same variable factors that 
make accuracy difficult to attain with the price- 
per-unit method of estimating also apply to this price-
per-square-foot analysis.

In addition to preliminary estimating, cost per unit 
area is also used as an analytic tool to compare designs, 
layouts, and so on. This will be reviewed in more detail 
when we discuss value analysis in Chapter 17. 

For example, suppose a 50,000-square-foot office 
building of a certain type was built in a certain place for 
$9,850,000. Therefore, the unit cost is $9,850,000/50,000, 
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or $197 per square foot. A similar 39,000-square-foot 
office is proposed, so the estimated price is 39,000 3 $197 
5 $7,683,000.

The unit area method has several strengths:

	 •	 Produces an estimate quickly.

	 •	 Little data required for the calculation—just the 
gross floor area (GFA) and the projected cost per 
square foot.

	 •	 As a rough check on estimates.

	 •	 One design can be compared with another.

	 •	 A large amount of data is published on unit area 
costs.

	 •	 Widely used and understood.

	 •	 Easy to communicate to laypeople. 

However, the unit area method does have some 
weaknesses:

	 •	 Can be accurate only when very similar buildings 
are involved.

	 •	 Improving accuracy is complicated: Rate adjust-
ments are required for differences in building func-
tion, building size, building shape, location, quality 
and type of construction, and other factors.

	 •	 Because there is no breakdown of the single rate, it 
is not useful for controlling costs. 

Price per Unit Volume

One variable that can be a significant influence on the 
cost of some projects is the story height. The height 
of warehouses, for instance, can vary considerably, 
thus making the use of price per unit floor area 
inappropriate. A better method employs the price 
per unit of volume as the means of determining the 
preliminary estimate. The cost per unit volume is 
obtained by dividing the total construction cost by the 
volume of the building. The volume of the building 
is calculated by multiplying the area of the building 
by the height from the bottom of the gravel under 
the basement slab-on-grade to the top of the roof 
surface. The area of the building is again measured to 
the outside of containing walls.

Example 

A retail building with a volume of 274,500 cubic 
feet was constructed for $2,470,500, so the cost  
5 $2,470,500/274,500 5 $9 per cu. ft.

A similar 290,000 cu. ft. retail building  
is proposed, so the estimated price is  
290,000 3 $9 5 $2,610,000.

Unit volume method strengths:

	 •	 Produces an estimate quickly.

	 •	� Little data required for the calculation—just  
the volume and the projected cost per cubic  
foot.

	 •	 Can serve as a rough check on estimates.

	 •	 Useful as a means of comparing designs.

	 •	 Some data are published on unit area costs.

	 •	 Fairly easy to communicate to laypeople. 

Unit volume method weaknesses:

	 •	� Not widely used except for warehouse-type 
structures.

	 •	� Can be accurate only when very similar buildings 
are involved.

	 •	� Improving accuracy is complicated: Rate adjust-
ments are required for differences in building 
function, building size, building shape, location, 
quality and type of construction, and other 
factors.

	 •	  �Because there is no breakdown of the single rate, it 
is not useful for controlling costs. 

Multi-Rate Methods
Price per Typical Bay

With buildings such as warehouses, we can divide the 
floor area into bays using the column gridlines to define 
the size of the bays. A price per typical bay can be 
compiled by estimating the cost of all the components 
that go into its construction. Either the detailed or 
assembly method of estimating can be used to arrive at 
the bay price. Adjustments may have to be made for any 
nontypical bays that have to be included, and the cost 
of the exterior wall construction is usually accounted 
for separately. Once the price of the typical bay is 
determined, it is multiplied by the number of bays in the 
building to obtain the basic building price. Prices for the 
exterior walls, plumbing and HVAC, electrical, and site 
improvements are added to obtain the total estimated 
price for the project. 

It is not always possible to use this method because 
some buildings are not divided into regular bays. 
Even with buildings that are laid out in bays, it can be 
difficult to find a “typical” bay when each bay can differ 
in size or have a different combination of components. 
Because of this, typical bay estimates are not very 
common. However, if typical bays can be identified, 
this method provides a speedy way to obtain a fairly 
accurate estimate price. 
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Some strengths of the typical bay method:

	 •	 Far more accurate than single-rate methods.

	 •	 Produces an estimate fairly quickly, but more  
calculations are required than those needed for  
single-rate methods.

	 •	 Although little data are published on typical bay 
costs, prices can be put together from publications.

	 •	 Useful as a means of comparing designs.

	 •	 Can be useful as a cost control tool. 

Weaknesses of the typical bay method include the 
following:

	 •	 Not all types of buildings can be divided into regu-
lar bays.

	 •	 It is not widely used except for large retail and 
warehouse-type structures.

	 •	 Accuracy depends on the availability of prices of 
similar buildings. 

Figure 16.1 illustrates the process of preparing a 
typical bay estimate. The best way to obtain the unit 
prices required for this kind of estimate is to analyze the 
actual cost of a similar project. Consider, for instance, 
the price of roofing. On a previous warehouse job, the 
roofing and insulation cost, including a portion of the 
project overheads and profit, was $1,213,170.00 for a 
roof area of 180,000 square feet. If the typical bay size 
on that project was exactly the same size as the new 
project, we would simply divide the roofing cost by the 
number of bays on the previous project to determine 
an amount per bay. But suppose that the bay on the 
previous job was 850 square feet, whereas the bay size 
on the new job is 1000 square feet. The calculation of 
price per bay would be

Price per sq. ft. 5
$1,213,170.00

180,000
5 $6.74

Therefore, price per bay 5 1000 sq. ft. 3 $6.74  
	 5 $6,740.00 

Assembly Estimates

To achieve greater accuracy in preliminary estimating, 
a price-forecasting method is required that accounts for 
not just the overall size of the project but also the prices 
of the particular resources used in its construction, the 
design details, the quality of finish, the geographical 
location, and the time of year when the work was 
undertaken. All these variables are considered in a 
detailed estimate, but at the time of the preliminary 
estimate, many factors are not yet defined, so time spent 
measuring and pricing each factor in great detail would 

be wasted because many of the specific details will 
change before the design is finalized. We have seen that 
the typical bay method can account for variables, but 
it has limitations as identified previously. The assembly 
method is more flexible than the typical bay method; 
it can be used with any building layout and provides 
the estimator the opportunity to account for variables 
on an overall basis without having to contend with the 
fine detail of the design. This objective is achieved by 
measuring and pricing assemblies of work that comprise 
a group of related trade activities. 

An example of an assembly would be concrete pad 
footings. A detailed estimate of this assembly would 
involve measuring and pricing each of the following items:

	 •	 Excavate pit.	 CY (m3)

	 •	 Level and compact grade.	 SF (m2)

	 •	 Footing forms.	 SF(m2)

	 •	 Reinforcing steel.	 lbs (kg)

	 •	 Anchor bolts.	 No.

	 •	 Footing concrete.	 CY (m3)

	 •	 Strip, clean, and oil forms.	 SF (m2)

	 •	 Backfill pit.	 CY (m3)

	 •	 Remove surplus material.	 CY (m3)

Using the assembly method of estimating, all that 
is necessary to do is count the number of pad footings 
required, so the unit of measurement would be number 
(No.) and a single price (composite unit rate) would be 
applied to this number to arrive at the total cost for all 
pad footings in one calculation.

Thus, pricing this assembly amounts to a single line 
item (shown below), as opposed to the nine items and 
multiple prices needed for a detailed estimate.

Item Quantity
Composite  
Unit Price

Total 
Amount

Pad footings 20 $500 $10,000

The unit price of $500 used here would reflect 
a particular set of the variables listed above. If any 
variable is changed, a corresponding adjustment can be 
made to the unit price. Using this method, a building 
that may contain hundreds of components may be 
reduced to a few assemblies that can be measured 
and priced relatively quickly from records of previous 
assembly costs. Accuracy is much improved over single-
rate methods because size, shape, quality, and type of 
construction can all be accounted for in this method. A 
number of organizations publish annual texts that list 
composite unit prices for pricing assemblies, including 
Assemblies Cost Data by the R. S. Means Company and 
Hanscomb’s Yardsticks for Costing.
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Figure 16.1  Typical Bay Estimate (Delmar/Cengage Learning)

Components:

Roofiing including insulation
Roof Structure incl. fireproofing
and painting 

Dimensions of bay correspond 
to column spacing

Structural Steel Frame incl. painting
Slab-on-Grade incl. subgrade, gravel,
vapor barrier, and floor finish 

Concrete Pile Cap incl. forms, rebar,
excavation, and backfill 

Concrete Pile incl. rebar

The proposed building comprises 150 bays of size 25 feet x 40 feet.
The overall building size is 375 feet x 400 feet and the height is 30 feet.

Estimated Cost 
Unit
Price

$

Total
Price

$
Component Quantity

Concrete Pile 1,000.00 1,000

Concrete Pile Cap 740.00 740

Slab-on-Grade 14.75 14,750

Structural Steel Frame 6.20 6,200

Roof Structure 14.90 14,900

Roofing 9.40 9,400

Plumbing & HVAC 9.00 9,000

Electrical 6.85 6,850

Total per Bay: 62,840

Typical Bays 62,840.00 9,426,000

Exterior Foundation 125.00 193,750

Exterior Walls

1 No.

1 No.

1000 SF

1000 SF

1000 SF

1000 SF

1000 SF

1000 SF

150 Bays

1550 LF

1550 LF 875.00

$10,976,000

1,356,250

Total Building Price: 

Price per SF: $73.17
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Figure 16.2  Office/Showroom Preliminary Notes (Delmar/Cengage Learning)

Assembly estimating can be a powerful cost control 
tool since the nature of the assembly, materials, and 
construction methods can all be defined and these 
data reflected in the estimated price. If a change is 
made in any aspect of the scope, its impact on price 
can be determined; this will allow the owner to make 
an informed decision about the scope change. Keeping 
track of these changes can provide a document trail 
that helps explain why final costs differ from initial 
estimates. However, assembly estimating requires at 
least some design information (specifications), and 
accuracy can suffer if assumptions are made that turn 
out to be wrong. Also, if composite unit prices are not 
readily available and have to be calculated, assembly 
estimating can be a very time-consuming process.  

Strengths of the assembly method:

	 •	 Far more accurate than single-rate methods.

	 •	 Can be used with any building design.

	 •	 Produces an estimate fairly quickly but more cal-
culations are required than those needed for  
single-rate methods.

	 •	 A large amount of data is published. 

	 •	 Can be used as a means of comparing designs.

	 •	 Very useful as a cost control tool. 

Weaknesses of the assembly method:

	 •	 Poor accuracy may result from erroneous design 
assumptions.

	 •	 Can involve a lot of calculating if composite rates 
have to be developed. 

Assembly Estimate Example

A developer is considering the construction of a  
single-story office and showroom building of 12,000 
square feet. The developer contacts a design-build 
contractor to obtain an estimate of the cost of this 
project. The contractor may want to begin by making 
a sketch and putting together a few notes that outline 
a proposal that meets what the developer is looking 
for (see Figure 16.2). Once these basic parameters are 
set, the contractor can go on to quickly compile an 
assembly estimate such as that shown in Figure 16.3.

120'-0"

Storefront This Wall, Masonry All Other Walls
Pile Caps

100-0"

Grade Beam

Notes: 1.  GFA = 100' x 120' = 12,000 SF.
           2.  Grade beam:  2 x (120 + 100) = 440 LF.
           3.  Masonry walls: 320' x 20' high = 6,400 SF
                (50% of this is windows).
           4.  Storefront wall: 120' x 20' = 2,400 SF. 

5.  Specifications the same as the Smith job.
6.  Show the finished Smith job to the client.
7.  Site improvements not included in base price.
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Developing Assembly Prices

The composite unit prices used to price an assembly 
estimate could be obtained from one of the publications 
previously mentioned, but if contractors have access 
to the cost records of projects similar to the proposed 
building, they can compile their own composite 
rates. These rates will be more accurate than those 
obtained from publications that are based on average 
productivity, average conditions, and so on. Figure 16.4 
is a sketch of a grade beam assembly, Figure 16.5 is the 

takeoff of the items that comprise this assembly, and 
Figure 16.6 shows how the assembly price is developed.

Elemental Estimates

One final multi-rate option for preparing preliminary 
estimates is the elemental method. This is the most 
sophisticated preliminary estimating technique and 
provides the greatest ability to manage the cost of 
projects from conception to construction. Elemental 
estimating is described in Chapter 17.

Figure 16.3  Assembly Estimate (Delmar/Cengage Learning)

JOB:         Office - Showroom   DATE:

Client:     Jones Developments

Estimator:              DJP

Estimated Cost 
  Unit   Total

Component      Quantity   Price   Price
  $   $

Grade Beam 440 LF $154.00 67,760

Piles 25 No. $1,020.00 25,500

Pile Caps 9 No. $740.00 6,660

Steel Frame 12,000 SF $20.00 240,000

Slab-on-Grade incl. finish 12,000 SF $15.00 180,000

Masonry Walls 3,200 SF $34.00 108,800

Windows 3,200 SF $54.00 172,800

Storefront Wall 2,400 SF $77.50 186,000

Roofing 12,000 SF $9.00 108,000

Overhead Door 320 SF $18.00 5,760

Exterior Doors 4 No. $1,800.00 7,200

Interior Partitions 4,000 SF $12.50 50,000

Interior Doors 12 No. $1,400.00 16,800

Acoustic Ceiling 12,000 SF $5.50 66,000

Toilet Partitions 8 No. $540.00 4,320

Plumbing & HVAC 12,000 SF $21.00 252,000

Electrical 12,000 SF $15.00 180,000

General Expenses 10% 1,700,000 170,000

Fee 10% 1,700,000 170,000

TOTAL: 2,017,600

Price per SF: $168.13

99395_ch16_ptg01_299-310.indd   305



306	 CHAPTER 16    Budget Estimating

Figure 16.4  Concrete Grade Beam Assembly (Delmar/Cengage Learning)

Section A - A 2-Rows #5 Bars

10" x  5'-0" Grade Beam

Pilaster 2" Rigid Insulation 1'
-6

"

2

   1

4-Rows #5 Bars 6" x 10" Void Form

3'-0"

Pile

Plan
(Pilaster Detail)

12"
16" Dia. Piles at 25'-0" on Center

2'
-0

"

A A
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Figure 16.5  Grade Beam Takeoff (Delmar/Cengage Learning)

QUANTITY SHEET SHEET No. 1 of 2

JOB:            Grade Beam Assembly DATE:

ESTIMATOR: DJP EXTENDED: EXT. CHKD:

DESCRIPTION
DIMENSIONS

TIMES Length Width Height

(Consider a 25' Length of Grade Beam)

Depth

5.00

add 0.50

less (1.50)

4.00

Ave Width

3.00

add 0.5 x 4.00 2.00

5.00

Excav. Trench 25.00 5.00 4.00 500

19 CY

B/Fill Trench as excav. 500

DDT 25.00 1.00 3.50 (88)

DDT 25.00 0.83 0.50 (10)

DDT 2.00 1.00 3.50 (7)

395

15 CY

Remove Surplus as excav. 500

less backfill (395)

105

4 CY

16" Dia. Conc. Pile 1 No.

6" x 10" Void Form 25.00 25 LF
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Figure 16.5  continued

QUANTITY SHEET SHEET No. 2 of 2

JOB: Grade Beam Assembly DATE:

ESTIMATOR: DJP EXTENDED: EXT. CHKD:

DESCRIPTION DIMENSIONS Forms
TIMES Length Width Height 2 x L x H

3000# Grade Beam 25.00 0.83 5.00 104 250

Pilaster 2.00 1.00 5.00 10      ---

114 250 SF

4 CY

Form Pilasters 2.00 5.00 10

2 1.00 5.00 10

20 SF

#5 Rebar 6 25.00 150 1.043 156 lbs

2" Rigid Insulation 25.00 5.00 125 SF
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SUMMARY

�� There is a need for a way of calculating an 
accurate forecast of construction costs before 
detailed designs are available for a proposed  
project.

�� Preliminary estimating methods can be used to 
determine a price before working drawings are 
available.

�� Single-rate methods of preliminary estimating 
include the following:

�� Cost per unit

�� Cost per unit area

�� Cost per unit volume 

�� Multi-rate methods of preliminary estimating 
include the following:

�� Cost per typical bay

�� Assembly estimates

�� Elemental estimates

�� Single-rate methods, although they can quickly pro-
duce an estimate, are generally not accurate and 
are not very useful for the cost management of a 
project.

�� Typical bay estimates use the cost of a bay, defined 
by the project grid lines, to quickly estimate the 
price of the complete project.

�� Typical bay estimates are more accurate than those 
produced by single-rate methods, but their appli-
cation is limited because a “typical bay” cannot be 
identified in some buildings.

�� Assembly estimates are also more accurate than 
single-rate methods and can be used for any type of 
project, but accuracy can suffer if prices are based 
on the wrong assumptions about specifications.

�� Assembly estimates can be quickly prepared if appro-
priate composite unit prices are readily available. 

�� Assembly estimating can be a powerful cost control 
tool since the nature of the assembly, materials, and 
construction methods can all be defined and these 
data reflected in the estimated price.

�� Composite unit prices that are custom made for the 
particular project are superior, but if cost informa-
tion is not available to prepare these rates, rates for 
average projects can be obtained from readily avail-
able publications. 

Pricing Grade Beam Assembly (Quantities based on 25' length)

Item     Quantity Units Unit Rate Total $

Excavation 19 CY $4.85 $92.15

Backfill 15 CY $24.05 $360.75

Remove Surplus 4 CY $15.00 $60.00

Concrete Piles 1 No. $1,020.00 $1,020.00

Void Forms 25 LF $3.00 $75.00

Grade Beam Forms 250 SF $6.70 $1,675.00

Pilaster Forms 20 SF $12.00 $240.00

Concrete - Placing 4 CY $34.00 $136.00

                 - Material 4 CY $135.00 $540.00

#5 Reinforcoing Steel (10% Laps) 172 lbs $1.85 $317.46

Rigid Insulation 125 SF $2.80 $350.00

TOTAL: $4,866.36

Price per LF = $194.65 (Including pile)

Price per LF = $153.85 (Without pile)

Figure 16.6  Grade Beam Assembly Price (Delmar/Cengage Learning)
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REVIEW QUESTIONS

	 1.	Can you produce an accurate forecast of the cost of 
a project using the cost-per-unit method of estimat-
ing? Explain.

	 2.	Describe the cost-per-unit-area method of estimat-
ing, and give an example of an estimate produced 
by this method.

	 3.	Suggest why the cost per unit area is the most pop-
ular method of preliminary estimating.

	 4.	Prepare a typical bay estimate based on the follow-
ing information:

a.	 Bay size of 30 3 50 feet and a building perimeter 
of 1,100 feet.

b.	 There are 50 bays in the building.

c.	 Unit prices:

�� Concrete piles: $950.00 each

�� Concrete pile caps: $725.00 each

�� Slab-on-grade: $12.50 per sq. ft.

�� Structural steel frame: $4.90 per sq. ft.

�� Roof structure: $10.75 per sq. ft.

�� Roofing: $8.20 per sq. ft.

�� Plumbing & HVAC: $9.80 per sq. ft.

�� Electrical: $6.10 per sq. ft.

�� Exterior foundations: $100.00 per linear ft.

�� Exterior walls: 728.00 per linear ft. 

	 5.	Why is the assembly method of estimating more 
accurate than any of the single-rate methods? 

	 6.	Calculate a unit price (each) for the pile cap assem-
bly shown in Figure 16.7 based on the same unit 
rates as the grade beam assembly shown in Figure 
16.6. Make the unit price of pile cap forms the 
same as that for grade beam forms and the price of 
#6 rebar $1.52 per pound. 

Figure 16.7  Concrete Pile Cap Assembly (Delmar/Cengage Learning)

Grade = 128.0'

36" × 36" Pile Cap
5 – #6 E.W.

2

1
32

"
Grade = 123.0'

24"
Typ.

16" Dia. Pile
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 Chapter

17

ELEMENTAL ESTIMATING

 OBJECTIVES

After reading this chapter and completing the review questions, you should be able to do the following:

•	 Describe the UniFormat and explain how it 
differs from the MasterFormat.

•	 Define an element of the UniFormat.
•	 Identify the objectives of elemental analysis 

and describe how it is used.
•	 Explain how the use of ICE® software supports 

elemental estimating.

•	 Explain how the ratio to GFA is calculated and 
identify the uses of this ratio.

•	 Prepare an elemental analysis of a project.
•	 Use the elemental analysis of a previous 

project to produce an elemental estimate of a 
proposed project. 

Introduction

When a developer first considers the idea of a project, he 
may quickly calculate the anticipated cost of the work 
using a single-rate estimate. However, in order to obtain 
a realistic assessment of the cost of construction, a more 
sophisticated multi-rate estimate is needed. Also, to better 
achieve the cost control required throughout the design 
phase of a project, the single-price estimate needs to be 
broken down into its constituent parts. This will reflect 
the variables that influence the cost so that they can be 
managed and the project can be brought in on budget. 

Contractors prepare their cost estimates largely 
by obtaining prices for each of the trades involved in  
a project, so a trade breakdown such as that used in the 
CSI/CSC MasterFormat coding system is most useful to 
them. However, a trade breakdown is far too detailed for 
the preliminary type of estimate prepared at the conception 

stage of a project. A breakdown on a functional basis is 
less detailed and reflects the systems approach taken by 
designers; this makes it easier for estimators to work 
with designers when they weigh the efficiency and cost 
of alternative construction details during the design 
development stage of the project. For instance, alternative 
systems for the exterior enclosure of the building could 
be compared to find the most effective way of meeting  
the design criteria for this function at the least cost.

CSI/CSC UniFormat

The CSI/CSC UniFormat is a function-based elemental 
breakdown that provides what we need for an elemental 
estimating system. The principal constituent of this 
breakdown is the building element; this corresponds to 
what we have previously described as an “assembly,” 
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which is a collection of related items that together 
perform a single function. A building element is defined 
as a major component of most buildings that always 
performs the same function in each building. Examples 
of building elements would include a foundation system, 
a roof covering, interior partitions, floor finishes, and 
so forth. Elements include these principles:

	 •	 The cost of an element should be a significant part 
of the total building cost.

	 •	 Each element should be easy to identify and consis-
tent in definition.

	 •	 An element represents a component that always 
performs the same function in a building (it is func-
tion based rather than trade or material based).

	 •	 An element should be measurable. 

In the UniFormat, elements are arranged into a 
multi-level hierarchical structure as outlined below:

Level Code Example

Level 1 (Major 
elements)

single character A SUBSTRUCTURE

Level 2 (Group 
elements)

three characters A10 Foundations 

Level 3 (Elements) five characters A1010 Standard 
foundations

Level 4 	
(Subelements)

user defined A1010.100 Wall 
foundations 

This is the CSI/CSC UniFormat breakdown level 1:

A	 Substructure
B	 Shell
C	 Interior
D	 Services
E	 Equipment and furnishings
F	 Special construction and demolition
G	 Sitework
Z	 General 

Elements and Codes 

Figure 17.1 shows a list of UniFormat elements and 
codes for levels 1 through 3. This is the coding system 
used for all examples that follow.

Figure 17.2 is a cross-section through a building 
showing element codes applied to the main building 
assemblies.

Figure 17.3 illustrates how one UniFormat element 
can involve a number of MasterFormat divisions.

Objective and Use of  
Elemental Analysis

The objective of elemental analysis is to provide a con-
sistent reference format for the evaluation, estimation, 
and tracking of construction costs throughout the 
life of a project—from feasibility through occupancy  
to eventual demolition. Elemental analysis has four 
main uses:

	1.	 To provide a method of preparing budget estimates 
for a project

	2.	 To provide a basis for cost comparisons of 
alternative systems

	3.	 To evaluate function cost and function value

	4.	 To provide a method of tracking and recording cost 
information for future reference 

Information Required to Estimate 
Using Elemental Analysis 

Very little information about the new project is required 
to prepare an estimate using elemental analysis. For this 
reason, elemental analysis can be used as early as the 
feasibility stage of a project to obtain a cost estimate.

All that is required to prepare a quick and accurate 
estimate is the basic size and shape of the building, as 
well as its use and location, together with historical 
cost data of similar buildings constructed at the same 
general location. The accuracy achieved will generally 
be far greater than that obtained from a cost-per-unit-
area estimate, but it can vary according to the quantity 
and quality of historic data available for the kind of 
building under consideration.

Elemental Estimate Example

We begin an elemental estimate by finding an elemental 
cost analysis of a previously constructed building of 
a similar size and design; ideally, this building will 
have been built in the same place as the proposed 
building. An elemental cost analysis of a finished 
project can be likened to an estimate in reverse. 
While in estimating the anticipated total cost of a 
project is determined from a large amount of detailed 
information, the cost analysis begins with the actual 
final cost of the project. From that, we extract the 
detailed information required to compile an estimate of 
a future project. 
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CONSTRUCTION SYSTEMS AND ASSEMBLIES

A   SUBSTRUCTURE
A10 FOUNDATIONS

A1010 Standard Foundations
A1020 Special Foundations
A1030 Slab-on-Grade   

A20 BASEMENT CONSTRUCTION

A2010 Basement Excavation
A2020 Basement Walls 

B  SHELL
B10  SUPERSTRUCTURE

B1010 Floor Construction
B1020 Roof Construction   

B20 EXTERIOR ENCLOSURE

B2010 Exterior Walls
B2020 Exterior Windows
B2030 Exterior Doors 

B30 ROOFING

B3010 Roof Coverings
B3020 Roof Openings 

C    INTERIORS
C10 INTERIOR CONSTRUCTION

C1010 Partitions
C1020 Interior Doors
C1030 Fittings   

C20 STAIRS

C2010 Stair Construction
C2020 Stair Finishes 

C30 INTERIOR FINISHES

C3010 Wall Finishes
C3020 Floor Finishes
C3030 Ceiling Finishes 

D    SERVICES
D10 CONVEYING

D1010 Elevators and Lifts
D1020 Escalators and Moving Walks
D1030 Other Conveying Systems   

D20 PLUMBING

D2010 Plumbing Fixtures

D2020 Domestic Water Distribution
D2030 Sanitary Waste
D2040 Rainwater Drainage
D2090 Other Plumbing Systems  

D30 HEATING, VENTILATING, AND AIR

  CONDITIONING (HVAC)
D3010 Energy Supply
D3020 Heat Generation
D3030 Refrigeration
D3040 HVAC Distribution
D3050 Terminal and Packaged Units
D3060 HVAC Instrumentation
D3070 Testing, Adjusting, and Balancing
D3090 Other Special HVAC Systems 

D40 FIRE PROTECTION

D4010 Sprinklers
D4020 Standpipes
D2030 Fire Protection Specialties
D4090 Other Fire Protection Systems 

D50 ELECTRICAL

D5010 Electrical Service and Distribution
D5020 Lighting and Branch Wiring
D5030 Communications and Security
D5090 Other Electrical Systems  

E         EQUIPMENT AND FURNISHINGS
E10  EQUIPMENT

E1010 Commercial Equipment
E1020 Institutional Equipment
E1030 Vehicular Equipment
E1090 Other Equipment   

E20 FURNISHINGS

E2010 Fixed Furnishings
E2020 Moveable Furnishings 

F         SPECIAL CONSTRUCTION
 AND DEMOLITION
F10  SPECIAL CONSTRUCTION

F1010 Special Structures
F1020 Integrated Construction
F1030 Special Construction Systems
F1040 Special Facilities
F1050 Special Controls and Instrumentation  

Figure 17.1  CSI/CSC UniFormat Levels 1 to 4 (Delmar/Cengage Learning)

Figure 17.4a shows the summary of the final costs 
of a previously constructed 5,864-square-foot school 
expansion project. The total cost of the work is listed 
in the MasterFormat breakdown, which is commonly 
used since it reflects the trade breakdown used by most 
contractors. The first step in the elemental estimating 
process is to convert this summary into a UniFormat 
structure (see Figure 17.4b). Some software, such as 
MC2 ICE®, have the capacity to automatically sort 

cost items into a UniFormat breakdown. This software 
allows the estimator to attach two codes to each takeoff 
item so that, at the flick of a switch, one can convert 
MasterFormat to UniFormat. Without programs such 
as ICE® the process of converting prices summarized 
using one coding system into a different breakdown 
can be a highly time-consuming chore. Consider, for 
example, an exterior wall system of a building; it may 
include work items from as many as eight different 
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F20 SELECTIVE DEMOLITION

F2010 Building Elements Demolition
F2020 Hazardous Components Abatement  

G     BUILDING SITEWORK
G10  SITE PREPARATION

G1010 Site Clearing
G1020 Site Demolition and Relocations
G1030 Site Earthwork
G1040 Hazardous Waste Remediation

G20  SITE IMPROVEMENTS

G2010 Roadways
G2020 Parking Lots
G2030 Pedestrian Paving
G2040 Site Development
G2050 Landscaping 

G30  SITE CIVIL/MECHICAL UTILITIES

G3010 Water Supply
G3020 Sanitary Sewer
G3030 Storm Sewer
G3040 Heating Distribution
G3050 Cooling Distribution
G3060 Fuel Distribution 

G3090 Other Site Mechanical Utilities 

G40  SITE ELECTRICAL UTILITIES

G4010 Electrical Distribution
G4020 Site Lighting
G2030 Site Communications and Security
G4090 Other Site Electrical Utilities 

G90  OTHER SITE CONSTRUCTION

G9010 Service Tunnels
G9090 Other Site Systems 

Z     GENERAL
Z10  GENERAL REQUIREMENTS

Z1010 Administration
Z1020 Quality Requirements
Z1030 Temporary Facilities
Z1040 Project Closeout
Z1050 Permits, Insurance, and Bonds
Z1060 Fee  

Z20 CONTINGENCIES

Z2010 Design Contingency
Z2020 Escalation Contingency
Z2030 Construction Contingency

Figure 17.1  continued

MasterFormat categories (see Figure 17.3). In order to 
determine the composite price of the exterior closure, 
the price of each of the work items involved in this 
assembly has to be extracted from the price of the trade 
that performs that work.

The next step is to prepare a spreadsheet from 
the UniFormat breakdown listing the major elements 
and their costs (see Figure 17.5).The quantity of each 
element is also shown on this spreadsheet. From these 
data, two items of information are calculated for the 
element: the unit rate, which is the cost of the element 
divided by its quantity; and the ratio to GFA, which 
is obtained by dividing the quantity of the element 
by the gross floor area of the project. This ratio is 
just a numeric value; the units of measurement of the 
element and the GFA are ignored. Consider the first 
element, Standard Foundations, shown in Figure 17.5. 
The cost of the work in this element was $81,132, 
which includes all cost categories—labor, materials, 
equipment, and so on. For the quantity we measure the 
main component of the element, which in this case is 
the length of the continuous footing foundation: 495 
LF. From these two amounts we derive the unit price 
of $163.90 per LF, and comparing the quantity with 
the GFA, we get 495>5864 5 0.0844 for the ratio to 
GFA. If we add together the costs of the three elements 
of the substructure, we get $134,092 as the amount 
for the Substructure group element. The Rate 
per SF is calculated by dividing the cost of the element 
or group element by the GFA. Thus, for Standard 

Foundations, the rate is $81,132/5864 SF 5 $13,84 per 
SF; and the rate for the substructure group element is 
$134,092/5864 SF 5 $22.87 per SF.

Percentage of Total Cost

In the right-hand column of the elemental spreadsheet, 
the percentage of the total project cost for each 
group element is calculated. For instance, this column 
indicates that the cost of the substructure is 12.73% 
of the total project cost. This percentage is obtained 
by dividing the cost of the group element by the total:  
$134,092/$1,053,744 5 12.73%.

These percentage breakdowns provide a way of 
quickly estimating the cost of an element from the 
total estimated cost of a project. For example, if the 
construction of a school similar to the one analyzed 
here is expected to cost $900,000, the cost of the 
substructure would be expected to be about $114,570 
(12.73% 3 $900,000). However, the cost analysis 
reflected on this spreadsheet can be used not only to 
estimate costs of the elements of future projects, but 
also to predict the quantities of these elements.

Ratio to Gross Floor Area

If a school expansion of 5,000 square feet is under 
consideration, the design of this proposal will probably 
be similar to that of the school we previously analyzed, 
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Figure 17.2  Wall Section Detail (Delmar/Cengage Learning)

A1030
SLAB-ON-GRADE

C3010 WALL FINISHES
(PAINT OR OTHER
COVERING)

B1010 UPPER-FLOOR
CONSTRUCTION
(INCL. STRUCT. FRAME
& FIREPROOFING)

C3020 FLOOR FINISH

C3030 CEILING FINISH

B3010 ROOFING

B1020 ROOF CONSTRUCTION
(INCL. STRUCT. MEMBERS
DECK & FIREPROOFING)

B2010 EXTERIOR WALLS
ABOVE GRADE
(TO & INCL. DRYWALL)

B2020 EXTERIOR WINDOWS
INCLUDES:
- LINTELS
- SILLS
- FLASHING
- CAULKING
(INCL. BOND BEAM
IF PRESENT)

B2010 LOUVRE

G2030 SITE IMPROVEMENTS
PEDESTRIAN PAVING

A1010 SUBSTRUCTURE STANDARD
FOUNDATIONS (INCL. EXCAV. CONC.
WORK & INSULATION)
(IF THESE WALLS WERE NOT
STRUCTURAL, THEY WOULD BE
A2020 BASEMENT WALLS.)

since both are school expansions of a similar size. If 
this is the case, the probable quantity of continuous 
footings in the new project is easily determined: 
multiply the GFA of the new project by the ratio to 
GFA obtained from the previous analysis. So, for a 
5,000-square-foot school expansion, 5,000 multiplied 
by 0.0844 yields an estimated 422 linear feet for the 
length of footings for the new building. By making the 
reasonable assumption that size of each of the major 
components of a project is a function of the gross 
floor area of that project, we can use the ratio to GFA 

to determine the probable quantity of all the major 
components of the new project.

The ratio to GFA has two other principal uses. 
First, when using an elemental analysis as an estimating 
tool, the ratio can be used to check for mathematical 
errors—for example, on a multi-story project, adding 
together the ratio for the lowest floor and the ratios for 
the upper floors should always result in a total of 1.00. 
Estimators will get to know the likely range for many 
ratios, so when a value is outside of the expected range, 
it acts as a warning that something is incorrect.
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Second, ratios can help explain why one building is 
more expensive than another—for example, a building 
may have a higher ratio for exterior windows than that 
of an alternative design; this may help explain why the 
first building is more expensive than the alternative 
even when the window unit price is the same in each 
case and all other factors are equal.

Using Elemental Analysis to Estimate 
the Price of a Future Building

Consider the proposal to build a new school extension 
of 5,000 square feet. Without an elemental analysis 
of a previous school, we would probably look for an 
appropriate unit price per square foot to calculate 
the likely cost of the new extension. We might find a 
similar job that cost $140 per square foot, add to this an 
amount for increases, and produce an estimate such as 
this: 5,000 SF 3 $140/SF 5 700,000115% increases 5  

$805,000. Even if this is an accurate forecast, all we 
have is a single price cost target.

We begin our elemental estimate of the new project 
on the Elemental Cost Summary Excel spreadsheet of 
the previously completed project (see Figure 17.5). First, 
change the “Gross Floor Area” amount at the bottom of 
the page to the area of the new job: 5,000 square feet. 
Next we ask if there are any differences, we are aware of, 
between the work of the proposed job and the work of the 
previous project. Let us say that building the new school 
does not require any demolition work, so we eliminate 
the demolition element from the spreadsheet. All the other 
elements are going to coincide with the previous project. 
So, on the spreadsheet, retain the ratios in the “Ratio to 
GFA” column; also retain the units in the “Quantity” 
column and all the rates in the “Unit Rate” column. All 
other values—subtotals, totals, and percentage amounts—
are cleared from the “Elemental Cost Summary” 
spreadsheet, and the heading of this document now 
becomes the Elemental Estimate (see Figure 17.6a).

A SUBSTRUCTURE 1000 General Requirements

A10 Foundations 2000 Site Conditions

B SHELL 3000 Concrete

B10 Superstructure 4000 Masonry

B20 Exterior Closure 5000 Metals

B30 Roofing 6000 Wood and Plastics

C INTERIORS 7000 Thermal and Moisture Protection

C10 Interior Construction 8000 Doors and Windows

C20 Stairways 9000 Finishes

C30 Interior Finishes 10000 Specialties

D SERVICES 11000 Equipment

D10 Conveying Systems 12000 Furnishings

D20 Plumbing Systems 13000 Special Construction

D30 HVAC Systems 14000 Conveying Systems

D50 Electrical Systems 15000 Mechanical

G SITEWORK 16000 Electrical

UniFormat (ELEMENTS) vs. MasterFormat (TRADE)

DESIGN (UNIFORMAT) CONSTRUCTION (MASTERFORMAT)

Figure 17.3  UniFormat versus MasterFormat (Delmar/Cengage Learning)
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We can now use the ratio and the GFA amounts to 
calculate the quantity of each element of the new project: 
Quantity 5 GFA 3 Ratio. The quantity of the Standard 
Foundations, for instance, is 5,000 3 0.0844 5 422 LF.  
Then the amount for each element can be determined 
by multiplying the quantity by the unit rate; in the case 
of Standard Foundations, it is 422LF 3 $163.90, or 
$69,166. The element amounts can be added to obtain 
the group-element value in each case (see Figure 17.6b). 
The amounts in the Rates per SF columns are compiled 
by dividing the element or group-element amount by 
the GFA. Next we will look at the contingency sums.

Three contingencies are applied to this conceptual 
estimate: a design contingency, an escalation 
contingency, and a construction contingency. These 
amounts are added to account for what happens to  
the project budget between now, when the project is  
no more than an idea, and the time when the project  
is actually constructed. Experience tells us that even 
when the intention is to build a project that is “just 
like” a previous project, there will be differences in 
design—and the modified designs always seem to be 
more expensive than the original designs. Consequently, 
we include the design contingency to cover the extra 

cost of the design changes that occur as the design is 
compiled. 

The escalation contingency speaks for itself; an 
amount is added that reflects the price increases that 
are anticipated over the time between the date of 
the analysis we are using and the time when the new 
project is constructed. The construction contingency, 
like the design contingency, stems from experience. 
Even the most carefully prepared design will need 
some modification during the construction phase; 
change orders may be instigated by the owner, designer, 
contractor, or some outside body where something 
in the design has to be modified to meet some new 
requirement. Overall, these changes will usually result 
in a net extra cost, so the construction allowance is 
added to cover this added cost. In the example we will 
include a design contingency of 10%, an escalation 
contingency of 5%, and a construction contingency of 
5%. Each of these contingency amounts is based on 
the group-element total column totaled down to and 
including the Z GENERAL amount.

To complete the Elemental Estimate for the 
proposed school expansion, the “Percentage” column 
is calculated. This is based on the amounts in the 

Figure 17.4a  �Final Costs—MasterFormat  
(Delmar/Cengage Learning)

School Addition Project - Final Costs

Summary in MasterFormat   Amount

  $

01000 General Requirements & Fee 367,256

02000 Existing Conditions 11,270

03000 Concrete 161,059

04000 Masonry 37,818

05000 Metals 17,802

06000 Wood, Plastics and Composites 42,054

07000 Thermal and Moisture Protection 51,834

08000 Openings 35,342

09000 Finishes 56,224

10000 Specialties 30,700

22000 Plumbing 20,064

23000 Heating Ventilating and Air Conditioning 40,163

26000 Electrical 100,390

31000 Earthwork 55,914

32000 Exterior Improvements 23,104

33000 Utilities 2,750

1,053,744
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Figure 17.4b  Final Costs—UniFormat (Delmar/Cengage Learning)

School Addition Project - Final Costs

Summary in UniFormat   Amount

  $

A101000 Standard Foundations 81,132

A101002 Column Foundations 9,497

A103001 Standard Slab-on-Grade 43,463

B101001 Floor Structural Frame 2,750

B102000 Roofs 68,996

B201002 Exterior Walls 90,008

B202000 Exterior Windows 23,928

B203001 Exterior Doors 3,884

B202001 Roof Coverings 45,038

C101002 Fixed Partitions 13,614

C102003 Interior Doors 11,414

C201010 Stairs 1,590

C202004 Wall Finishes 8,595

C202005 Tile Walls 11,827

C302000 Floor Finishes 17,266

C303000 Ceiling Finishes 10,493

D200000 Plumbing 20,064

D300000 HVAC 40,163

D501000 Electrical Service and Disribution 39,439

D502000 Electrical Lighting, Devices and Heating 60,951

E201002 Fixed Casework 9,439

F103000 Specialties 30,700

G102001 Building Demolition 5,769

G200000 Site Improvements 5,501

G201002 Road Pavement 21,453

G205000 Landscaping 9,515

Z101000 General Expenses 268,489

Z105000 Fee 98,766

1,053,744
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Figure 17.5   Elemental Analysis of School (Delmar/Cengage Learning)

Report Date:  31-Jan-17

School Addition - 5,864 SF ELEMENTAL COST SUMMARY Proj. Ref: 01673-16

Final Costs Sheet No. 1 of 1

Ratio

Element to GFA Unit Rate Subtotal Total Subtotal Total %

134,092 22.87 12.73%

A1010 Standard Foundations 0.0844 495 LF 163.90 81,132 13.84

A1020 Column Foundations 0.0012 7 No. 1,356.71 9,497 1.62

A1030   Slab-on-Grade 0.8716 5,111 SF 8.50 43,463 7.41

234,604 40.01 22.26%

B1010   Floor Construction 0.1102 646 SF 4.26 2,750 0.47

B1020   Roof Construction 0.9596 5,627 SF 12.26 68,996 11.77

B2010   Exterior Walls 0.6403 3,755 SF 23.97 90,008 15.35

B2020   Extr. Windows 0.0697 409 SF 58.50 23,928 4.08

B2030   Extr. Doors 0.0275 161 SF 24.12 3,884 0.66

B3010    Roof Covering 0.9596 5,627 SF 8.00 45,038 7.68

74,799 12.76 7.10%

C1011  Fixed Partitions 0.5926 3,475 SF 3.92 13,614 2.32

C1020  Intr. Doors 0.0027 16 No. 713.38 11,414 1.95

C2010  Stair Construction 0.0002 1 Flt. 1,590.00 1,590 0.27

C3010   Wall Finishes 1.8276 10,717 SF 1.91 20,422 3.48

C3020   Floor Finishes 1.0000 5,864 SF 2.94 17,266 2.94

C3030   Ceiling Finishes 1.0808 6,338 SF 1.66 10,493 1.79

60,227 10.27 5.72%

D2010   Plumbing & Drainage 1.0000 5,864 SF 3.42 20,064 3.42

D3000   HVAC 1.0000 5,864 SF 6.85 40,163 6.85

100,390 17.12 9.53%

D5010   Service & Distribution 1.0000 5,864 SF 6.73 39,439 6.73

D5020   Lighting, Devices, & Heating 1.0000 5,864 SF 10.39 60,951 10.39

9,439 1.61 0.90%

E2010   Fixed Casework 0.0068 40 LF 235.98 9,439 1.61

30,700 5.24 2.91%

F1030   Special Construction Systems 1.0000 5,864 SF 5.24 30,700 5.24

42,238 7.20 4.01%

G1030   Demolition 0.2587 1,517 SF 3.80 5,769 0.98

G2010  Rough Grading 3.0148 17,679 SF 0.31 5,501 0.94

G2012   Asphalt Paving 0.6606 3,874 SF 5.54 21,453 3.66

G2050   Landscaping 1.2202 7,155 SF 1.33 9,515 1.62

367,255 62.63 34.85%

Z1010   General Conditions 1.0000 5,864 SF 45.79 268,489 45.79

Z1050   Fee 1.0000 5,864 SF 16.84 98,766 16.84

0 0.00 0.00%

Z2010   Design Contingency 0 0.00

Z2020   Escalation Contingency 0 0.00

Z2030   Construction Contingency 0 0.00

       GROSS FLOOR AREA: 5,864 SF TOTAL COST: 1,053,744 179.70 100.00%

Quantity

Elemental Amount Rate per SF

A          SUBSTRUCTURE

B            SHELL

C            INTERIOR 

D            SERVICES

D50        ELECTRICAL SYSTEMS

E            EQUIPMENT AND FURNISHINGS

F           SPECIAL CONSTRUCTION

G            BUILDING SITEWORK

Z            GENERAL 

Z20     CONTINGENCIES
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Figure 17.6a  Elemental Estimate of School (Delmar/Cengage Learning)

Report Date:  31-Feb-17

  Proposed School Addition - 5,000 SF       ELEMENTAL ESTIMATE Proj. Ref: 01673-16

Sheet No. 1 of 1

Ratio

Element to GFA Unit Rate Subtotal Total Subtotal Total %

A1010 Standard Foundations 0.0844 LF 163.90

A1020 Column Foundations 0.0012 No. 1,356.71

A1030   Slab-on-Grade 0.8716 SF 8.50

B1010   Floor Construction 0.1102 SF 4.26

B1020   Roof Construction 0.9576 SF 12.26

B2010   Exterior Walls 0.6403 SF 23.97

B2020   Extr. Windows 0.0697 SF 58.50

B2030  Extr. Doors 0.0275 SF 24.12

B3010    Roof Covering 0.9596 SF 8.00

C1011   Fixed Partitions 0.5926 SF 3.92

C1020    Intr. Doors 0.0027 No. 713.38

C2010  Stair Construction 0.0002 Flt. 1,590.00

C3010   Wall Finishes 1.8276 SF 1.91

C3020   Floor Finishes 1.0000 SF 2.94

C3030   Ceiling Finishes 1.0808 SF 1.66

D2010   Plumbing & Drainage 1.0000 SF 3.42

D3000   HVAC 1.0000 SF 6.85

D5010   Service & Distribution 1.0000 SF 6.73

D5020   Lighting, Devices, & Heating 1.0000 SF 10.39

E2010   Fixed Casework 0.0068 LF 235.98

F1030   Special Construction Systems 1.0000 SF 5.24

G1030   Demolition

G2010  Rough Grading 3.0148 SF 0.31

G2012   Asphalt Paving 0.6606 SF 5.54

G2050   Landscaping 1.2202 SF 1.33

Z1010   General Conditions 1.0000 SF 45.79

Z1050   Fee 1.0000 SF 16.84

Z2010   Design Contingency

Z2020   Escalation Contingency

Z2030   Construction Contingency

       GROSS FLOOR AREA: 5,000 SF TOTAL COST:

Quantity

Elemental Amount Rate per SF

A          SUBSTRUCTURE

B            SHELL

C            INTERIOR 

D            SERVICES

D50        ELECTRICAL SYSTEMS

E            EQUIPMENT AND FURNISHINGS

F           SPECIAL CONSTRUCTION

G            BUILDING SITEWORK

Z            GENERAL 

Z20     CONTINGENCIES
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Quantity

Elemental Amount Rate per SF

Report Date:  31-Feb-17

  Proposed School Addition - 5,000 SF       ELEMENTAL ESTIMATE Proj. Ref: 01673-16

Sheet No. 1 of 1

Ratio

Element to GFA Unit Rate Subtotal Total Subtotal Total %

A          SUBSTRUCTURE 114,349

A1010 Standard Foundations 0.0844 422 LF 163.90 69,166

A1020 Column Foundations 0.0012 6 No. 1,356.71 8,140

A1030   Slab-on-Grade 0.8716 4,358 SF 8.50 37,043

B            SHELL 199,876

B1010   Floor Construction 0.1102 551 SF 4.26 2,347

B1020   Roof Construction 0.9576 4,788 SF 12.26 58,701

B2010   Exterior Walls 0.6403 3,202 SF 23.97 76,740

B2020   Extr. Windows 0.0697 349 SF 58.50 20,387

B2030  Extr. Doors 0.0275 138 SF 24.12 3,317

B3010    Roof Covering 0.9596 4,798 SF 8.00 38,384

C            INTERIOR 63,960

C1011   Fixed Partitions 0.5926 2,963 SF 3.92 11,615

C1020    Intr. Doors 0.0027 14 No. 713.38 9,631

C2010  Stair Construction 0.0002 1 Flt. 1,590.00 1,590

C3010   Wall Finishes 1.8276 9,138 SF 1.91 17,454

C3020   Floor Finishes 1.0000 5,000 SF 2.94 14,700

C3030   Ceiling Finishes 1.0808 5,404 SF 1.66 8,971

D            SERVICES 51,350

D2010   Plumbing & Drainage 1.0000 5,000 SF 3.42 17,100

D3000   HVAC 1.0000 5,000 SF 6.85 34,250

D50        ELECTRICAL SYSTEMS 85,600

D5010   Service & Distribution 1.0000 5,000 SF 6.73 33,650

D5020   Lighting, Devices, & Heating 1.0000 5,000 SF 10.39 51,950

E            EQUIPMENT AND FURNISHINGS 8,023

E2010   Fixed Casework 0.0068 34 LF 235.98 8,023

F           SPECIAL CONSTRUCTION 26,200

F1030   Special Construction Systems 1.0000 5,000 SF 5.24 26,200

G            BUILDING SITEWORK 31,086

G1030   Demolition

G2010  Rough Grading 3.0148 15,074 SF 0.31 4,673

G2012   Asphalt Paving 0.6606 3,303 SF 5.54 18,299

G2050   Landscaping 1.2202 6,101 SF 1.33 8,114

Z            GENERAL 313,150

Z1010   General Conditions 1.0000 5,000 SF 45.79 228,950

Z1050   Fee 1.0000 5,000 SF 16.84 84,200

Z20     CONTINGENCIES

A          SUBSTRUCTURE

B            SHELL

C            INTERIOR 

D            SERVICES

D50        ELECTRICAL SYSTEMS

E            EQUIPMENT AND FURNISHINGS

F           SPECIAL CONSTRUCTION

G            BUILDING SITEWORK

Z            GENERAL 

Z20     CONTINGENCIES

Z2010   Design Contingency

Z2020   Escalation Contingency

Z2030   Construction Contingency

       GROSS FLOOR AREA: 5,000 SF TOTAL COST:

Figure 17.6b  Elemental Estimate of School (Delmar/Cengage Learning)
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“Group-Element Amount Total” column: each group- 
element total is divided by the total cost amount shown 
at the bottom of this column (see Figure 17.6c).

The Cost Plan

The Elemental Estimate we have now completed becomes 
the cost plan for the project. Elemental analysis furnishes 
far more useful information than the one budget price 

that results from a single-rate estimate; it also provides 
a breakdown of the likely costs of the proposed work 
that can be used as a tool to manage these budgets to 
ensure that the project gets built within the target sum. 
The cost plan serves as a blueprint for expenditures; 
as the design develops and solid information becomes 
available about specific design details, we can monitor 
the quantity and price of these items to confirm that they 
can be completed within budget (or not). 

Figure 17.6c  Elemental Estimate of School (Delmar/Cengage Learning)

Report Date:  31-Feb-16

  Proposed School Addition - 5,000 SF       ELEMENTAL ESTIMATE Proj. Ref: 01673-16

Sheet No. 1 of 1
Ratio

Element to GFA Unit Rate Subtotal Total Subtotal Total %

A          SUBSTRUCTURE 114,349 22.87 10.66%

A1010 Standard Foundations 0.0844 422 LF 163.90 69,166

A1020 Column Foundations 0.0012 6 No. 1,356.71 8,140

A1030   Slab-on-Grade 0.8716 4,358 SF 8.50 37,043

B            SHELL 199,876 39.98 18.64%

B1010   Floor Construction 0.1102 551 SF 4.26 2,347

B1020   Roof Construction 0.9576 4,788 SF 12.26 58,701

B2010   Exterior Walls 0.6403 3,202 SF 23.97 76,740

B2020   Extr. Windows 0.0697 349 SF 58.50 20,387

B2030  Extr. Doors 0.0275 138 SF 24.12 3,317

B3010    Roof Covering 0.9596 4,798 SF 8.00 38,384

C            INTERIOR 63,960 12.79 5.96%

C1011   Fixed Partitions 0.5926 2,963 SF 3.92 11,615

C1020    Intr. Doors 0.0027 14 No. 713.38 9,631

C2010  Stair Construction 0.0002 1 Flt. 1,590.00 1,590

C3010   Wall Finishes 1.8276 9,138 SF 1.91 17,454

C3020   Floor Finishes 1.0000 5,000 SF 2.94 14,700

C3030   Ceiling Finishes 1.0808 5,404 SF 1.66 8,971

D            SERVICES 51,350 10.27 4.79%

D2010   Plumbing & Drainage 1.0000 5,000 SF 3.42 17,100

D3000   HVAC 1.0000 5,000 SF 6.85 34,250

D50        ELECTRICAL SYSTEMS 85,600 17.12 7.98%

D5010   Service & Distribution 1.0000 5,000 SF 6.73 33,650

D5020   Lighting, Devices, & Heating 1.0000 5,000 SF 10.39 51,950

E            EQUIPMENT AND FURNISHINGS 8,023 1.60 0.75%

E2010   Fixed Casework 0.0068 34 LF 235.98 8,023

F           SPECIAL CONSTRUCTION 26,200 5.24 2.44%

F1030   Special Construction Systems 1.0000 5,000 SF 5.24 26,200

G            BUILDING SITEWORK 31,086 6.22 2.90%

G1030   Demolition

G2010  Rough Grading 3.0148 15,074 SF 0.31 4,673

G2012   Asphalt Paving 0.6606 3,303 SF 5.54 18,299

G2050   Landscaping 1.2202 6,101 SF 1.33 8,114

Z            GENERAL 313,150 62.63 29.20%

Z1010   General Conditions 1.0000 5,000 SF 45.79 228,950

Z1050   Fee 1.0000 5,000 SF 16.84 84,200

Z20     CONTINGENCIES 178,719 35.74 16.67%

Z2010   Design Contingency 10% — 893,594 89,359

Z2020   Escalation Contingency 5% — 893,594 44,680

Z2030   Construction Contingency 5% — 893,594 44,680

       GROSS FLOOR AREA: 5,000 SF TOTAL COST: 1,072,313 214.46 100.00%

Quantity

Elemental Amount Rate per SF
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In the cost plan for the proposed school, for 
example, there is a budget of $11,515 for fixed 
partitions. When the layout of the school addition 
is established and designers have decided on the type 
of partitions to be used, the estimator can calculate 
an accurate price for this work and compare it with 
the budget for fixed partitions. Remember that there 
is money in the design contingency if the quantity 
of partitions is more than that on the cost plan and 
there are funds in the escalation contingency for price 
increases. Usually there is a trade-off between items in 
the cost plan; the price of some items will exceed the 
budget, while others will be under budget. If, however, 
this budget-monitoring process begins to indicate that 
the overall budget is going to be exceeded, decision 
makers will be aware of this potential problem early 
enough to do something about it. Effectively managing 
costs in this way will ensure that the contractor’s prices 
will come in under budget and there should be no cost-
overrun surprises. 

Office Building Example

Imagine a developer considering the construction of an 
office building comprising 21,000 square feet of gross 
floor area going to a design-builder. The developer 
may find the kind of office building they would like to 
put up in the builder’s portfolio of completed projects, 
but the size and location are different from previously 
constructed projects and they have some requirements 
that will call for some design details to be modified for 
the proposed building. As usual, quantities of work 

for the new building are not obtainable since there are 
no drawings at this time; however, as we have seen, 
it is possible to compile a realistic approximation of 
quantities using the elemental format. Also, using the 
elemental analysis of an earlier building that is similar 
to the one to be built, the design-builder can quickly 
estimate a price for the new building. Figure 17.7a 
shows the analysis of the previous building, which was 
a three-story structure of 15,840 square feet in area. 
In response to the developer’s wishes, the following 
adjustments have to be made for the new building:

	 •	 More energy-efficient exterior walls, windows, and 
roofing.

	 •	 Less expensive interior doors.

	 •	 On one floor (7,000 square feet), more expensive 
floor finish is needed

	 •	 One of the elevators should have luxury finishes.

	 •	 Sitework will include 6,000 square feet of asphalt 
paving and 6,000 square feet of landscaping. 

Also, some of the data on the elemental estimate 
of the new project have been adjusted to reflect what 
is known at this stage; for example, each floor has an 
area of 7,000 square feet and the exterior walls and 
windows combined equal 13,600 square feet. 

Figure 17.7b is the elemental estimate for the new 
office building. The builder can use this document as 
the basis of its proposal to the developer and, if their 
proposal is accepted, this estimate can be used as a cost 
plan (as previously described) to manage the cost of the 
project as it is designed and constructed.
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Figure 17.7a  Elemental Analysis of Office Building (Delmar/Cengage Learning)

Report Date: 14-Sep-17

   Office Building - 15,840 SF ELEMENTAL COST SUMMARY Proj. Ref:

Sheet No. 1 of 1

Ratio      Elemental Amount $           $  Rate per m2

Element to GFA Quantity Unit Rate $ Subtotal Total Subtotal Total %

A     SUBSTRUCTURE 120,118 7.58 4.55%

A1010 Standard Foundations 0.0184 292 LF 187.80 54,838 3.46

A1020 Special Foundations 0.0013 20 No 1,020.00 20,400 1.29

A1030   Lowest Floor Construction 0.3333 5,280 SF 8.50 44,880 2.83

B     SHELL 740,197 46.73 28.01%

B1010 Upper Floor Construction 0.6667 10,560 SF 30.60 323,136 20.40

B1020  Roof Construction 0.3333 5,280 SF 18.18 95,990 6.06

B2011 Walls Above Grade 0.3687 5,840 SF 16.32 95,309 6.02

B2020  Windows & Entrance 0.3687 5,840 SF 35.40 206,736 13.05

B2035 Doors (passage) 0.0002 3 No 1,062.00 3,186 0.20

B3010 Roof Covering 0.3333 5,280 SF 3.00 15,840 1.00

C   INTERIOR 306,514 19.35 11.60%

C1011  Fixed Partitions 0.3465 5,488 SF 6.60 36,221 2.29

C1020  Intr. Doors 0.0019 30 No 1,738.80 52,164 3.29

C1030 Toilet Partitions 0.0015 24 No 840.00 20,160 1.27

C2010  Stair Construction 0.0004 6 Flt 7,662.00 45,972 2.90

C3010   Wall Finishes 1.4040 22,240 SF 1.92 42,701 2.70

C3020   Floor Finishes 1.0000 15,840 SF 3.36 53,222 3.36

C3030   Ceiling Finishes 1.0000 15,840 SF 3.54 56,074 3.54

D   SERVICES 1,177,203 74.32 44.55%

D1010   Elevators 0.0002 3 No 210,000.00 630,000 39.77

D2010   Plumbing & Drainage 0.0015 24 Fx 4,464.00 107,136 6.76

D3010   HVAC 1.0000 15,840 SF 11.56 183,110 11.56

D4010   Fire Protection 0.1000 1,584 Hds 27.22 43,116 2.72

1.0000 15,840 SF 6.06 95,990 6.06

1.0000 15,840 SF 7.44 117,850 7.44

11,100 0.70 0.42%

E2010 Millwork 0.0032 50 LF 222.00 11,100 0.70

G     SITEWORK 36,000 2.27 1.36%

G2010   Site Development 0.1263 2,000 SF 18.00 36,000 2.27

Z     GENERAL REQUIREMENTS & FEE 251,381 15.87 9.51%

Z1010   General Requirements 1.0000 15,840 SF 7.21 114,206 7.21

Z1050   Fee 1.0000 15,840 SF 8.66 137,174 8.66

Z20    CONTINGENCIES 0 0.00 0.00%

Z2010   Design Contingency 0.00

Z2020   Escalation Contingency 0.00

Z2030   Construction Contingency 0.00

       GROSS FLOOR AREA: 15,840 SF          TOTAL COST: 2,642,512 166.83 100.00%

D5010   Elect Service & Distribution

D5020   Lighting, Devices, & Heating

E   EQUIPMENT & FURNISHINGS
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Figure 17.7b  Proposed Office Building (Delmar/Cengage Learning)

Report Date: 14-Sep-17

   New Office Building - 21,000 SF            ELEMENTAL ESTIMATE Proj. Ref:

Sheet No. 1 of 1

Ratio      Elemental Amount $           $  Rate per m2

Element to GFA Quantity Unit Rate $ Subtotal Total Subtotal Total %

A     SUBSTRUCTURE 159,606 7.60 3.70%

A1010 Standard Foundations 0.0184 386 LF 187.80 72,566 3.46

A1020 Special Foundations 0.0013 27 No 1,020.00 27,540 1.31

A1030   Lowest Floor Construction 0.3333 7,000 SF 8.50 59,500 2.83

B     SHELL 967,208 46.06 22.44%

B1010 Upper Floor Construction 0.6667 14,000 SF 30.60 428,400 20.40

B1020  Roof Construction 0.3333 7,000 SF 18.18 127,260 6.06

B2011 Walls Above Grade 0.3238 6,800 SF 17.50 119,000 5.67

B2020  Windows & Entrance 0.3238 6,800 SF 39.00 265,200 12.63

B2035 Doors (passage) 0.0002 4 No 1,062.00 4,248 0.20

B3010 Roof Covering 0.3333 7,000 SF 3.30 23,100 1.10

C   INTERIOR 419,250 19.96 9.73%

C1011  Fixed Partitions 0.3465 7,277 SF 6.60 48,025 2.29

C1020  Intr. Doors 0.0019 40 No 1,440.00 57,600 2.74

C1030 Toilet Partitions 0.0015 32 No 840.00 26,880 1.28

C2010  Stair Construction 0.0004 8 Flt 7,662.00 61,296 2.92

C3010   Wall Finishes 1.4040 29,484 SF 1.92 56,609 2.70

C3020   Floor Finishes 1.0000 21,000 SF 4.50 94,500 4.50

C3030   Ceiling Finishes 1.0000 21,000 SF 3.54 74,340 3.54

D   SERVICES 1,654,270 78.77 38.38%

D1010   Elevators 0.0002 4 No 232,000.00 928,000 44.19

D2010   Plumbing & Drainage 0.0015 32 Fx 4,464.00 142,848 6.80

D3010   HVAC 1.0000 21,000 SF 11.56 242,760 11.56

D4010   Fire Protection 0.1000 2,100 Hds 27.22 57,162 2.72

1.0000 21,000 SF 6.06 127,260 6.06

1.0000 21,000 SF 7.44 156,240 7.44

14,918 0.71 0.35%

E2010 Millwork 0.0032 67 LF 222.00 14,918 0.71

G     SITEWORK 43,200 2.06 1.00%

G2012   Asphalt Surfaces 0.2857 6,000 SF 5.40 32,400 1.54

G2012   Landscaping 0.2857 6,000 SF 1.80 10,800 0.51

Z     GENERAL REQUIREMENTS & FEE 333,480 15.88 7.74%

Z1010   General Requirements 1.0000 21,000 SF 8.66 181,860 8.66

Z1050   Fee 1.0000 21,000 SF 7.22 151,620 7.22

Z20    CONTINGENCIES 718,387 34.21 16.67%

Z2010   Design Contingency 10%  ---   3,591,933 359,193 17.10

Z2020   Escalation Contingency 5%  ---   3,591,933 179,597 8.55

Z2030   Construction Contingency 5%  ---   3,591,933 179,597 8.55

       GROSS FLOOR AREA: 21,000 SF          TOTAL COST: 4,310,319 205.25 100.00%

D5010   Elect Service & Distribution

D5020   Lighting, Devices, & Heating

E   EQUIPMENT & FURNISHINGS
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SUMMARY

�� A multi-rate estimate based on building functions will 
allow estimators to work more closely with designers 
and produce price forecasts that are far more accurate 
than traditional single-rate estimates.

�� The CSI/CSC UniFormat is a function-based elemental 
breakdown that was designed for use in preliminary 
estimating.

�� The basic unit of the UniFormat breakdown is the 
building element that is defined as a major component 
of most buildings that usually performs the same func-
tion in the building.

�� Elemental analysis has four main uses:

�� To provide a method of preparing budget estimates for 
a project

�� To provide a basis for cost comparisons of alternative 
systems

�� To evaluate function cost and function value

�� To provide a method of tracking and recording cost 
information for future reference

�� All that is required to prepare a quick and accurate 
elemental estimate is the basic size and shape of the 
building and its use and location, as well as historical 
cost data of similar buildings constructed at the same 
general location.

�� An elemental cost analysis is like an estimate in 
reverse—the cost analysis begins with the actual final 
cost of the project, and from that the detailed infor-
mation needed for the elemental estimating process is 
extracted.

�� Elemental analysis uses the ratio to GFA to quickly 
calculate the element quantities on a new project; these 
ratios can also be used as a check for mathematical 
errors in an estimate and can help explain why one 
building is more expensive than another.

�� Three contingencies are usually applied to an ele-
mental estimate at the conceptual stage: a design 
contingency, an escalation contingency, and a con-
struction contingency. 

 REVIEW QUESTIONS

	 1.	Why is a trade breakdown of the cost of construc-
tion preferred by contractors?

	 2.	Why is a MasterFormat breakdown of the cost of 
construction of little or no use for cost control in 
the design phase of a project?

	 3.	What is another name for a building element?

	 4.	Define “building element.”

	 5.	What is the objective of elemental analysis?

	 6.	Use the elemental analysis of a warehouse project 
shown in Figure 17.8 to prepare an elemental  

estimate of a new warehouse meeting these 
requirements:

a.	 The gross floor area of the new warehouse is 
14,400 square feet.

b.	 An asphalt parking area of 10,000 square feet is 
required.

c.	 A total of 12 overhead doors are required.
d.	 Include the following contingencies: design, 

5%; escalation, 2%; and construction, 5%. 
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Report Date: 14-Aug-17

Warehouse - 10,692 SF ELEMENTAL COST SUMMARY Proj. Ref: 10-004

Sheet No. 1 of 1

Ratio      Elemental Amount $           $  Rate per m2

Element to GFA Quantity Unit Rate $ Subtotal Total Subtotal Total %

A     SUBSTRUCTURE 137,232 12.84 12.78%

A1010   Standard Foundations 0.0398 426 LF 130.80 55,721 5.21

A1015   Pile Caps 0.0006 6 No 594.85 3,569 0.33

A1020   Special Foundations 0.0019 20 No 700.20 14,004 1.31

A1030   Lowest Floor Construction 1.0000 10,692 SF 5.98 63,938 5.98

B     SHELL 470,589 44.01 43.81%

B1020   Roof Construction 1.0000 10,692 SF 14.58 155,889 14.58

B2011   Walls Above Grade 1.5539 16,614 SF 14.78 245,555 22.97

B2020   Windows & Entrance 0.0398 426 SF 43.80 18,659 1.75

B2035   Doors (passage) 0.0003 3 No 1,062.00 3,186 0.30

B2036   Doors (overhead) 0.0007 8 No 3,480.00 27,840 2.60

B3010   Roof Covering 1.0000 10,692 SF 1.82 19,459 1.82

C   INTERIOR 144,658 13.53 13.47%

C1011   Fixed Partitions 0.5874 6,280 SF 12.90 81,012 7.58

C1020   Intr. Doors 0.0006 6 No 1,028.40 6,170 0.58

C1030   Toilet Partitions 0.0004 4 No 780.00 3,120 0.29

C3010   Wall Finishes 2.7684 29,600 SF 1.02 30,192 2.82

C3020   Floor Finishes 1.0000 10,692 SF 1.18 12,617 1.18

C3030   Ceiling Finishes 1.0000 10,692 SF 1.08 11,547 1.08

D   SERVICES 170,874 15.98 15.91%

D2010   Plumbing & Drainage 1.0000 10,692 SF 4.50 48,114 4.50

D3010   HVAC 1.0000 10,692 SF 5.52 59,020 5.52

D4010   Fire Protection 0.1000 1,069 Hds 27.22 29,098 2.72

1.0000 10,692 SF 1.74 18,604 1.74

1.0000 10,692 SF 1.50 16,038 1.50

6,240 0.58 0.58%

E2010   Millwork 0.0015 16 LF 390.00 6,240 0.58

G     SITEWORK 18,960 1.77 1.77%

G2012   Asphalt Paving 0.3741 4,000 SF 4.74 18,960 1.77

Z     GENERAL REQUIREMENTS & FEE 125,631 11.75 11.70%

Z1010   General Requirements 1.0000 10,692 SF 6.25 66,825 6.25

Z1050   Fee 1.0000 10,692 SF 5.50 58,806 5.50

Z20    CONTINGENCIES 0 0.00 0.00%

Z2010   Design Contingency 0.00

Z2020   Escalation Contingency 0.00

Z2030   Construction Contingency 0.00

       GROSS FLOOR AREA: 10,692 SF          TOTAL COST: 1,074,184 100.47 100.00%

E   EQUIPMENT & FURNISHINGS

D5020   Lighting, Devices, & Heating

D5010   Elect Service & Distribution

Figure 17.8    Elemental Analysis of Warehouse (Delmar/Cengage Learning)
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Chapter

18

LIFE-CYCLE COSTING
OBJECTIVES

After reading this chapter and completing the review questions, you should be able to do the following:

•	 Describe the concept of life-cycle costing and 
explain the need for this in the design phase 
of construction projects.

•	 Explain the time value of money concept.
•	 Use the compound interest formula to 

calculate equivalent future and present 
amounts.

•	 Explain and calculate nominal and effective 
interest rates.

•	 Use the compound interest formulas to 
calculate the future and present values of a 
uniform series of payments.

•	 Examine the cash flow of alternatives to 
determine the best choice on the basis 
of present worth and equivalent uniform 
annual cost.

•	 Use incremental analysis and the decision 
maker’s minimum acceptable rate of return to 
determine the best choice given a number of 
mutually exclusive alternatives.

Introduction

A process of economic decision analysis is indispens-
able if we are to attain a truly cost-effective design 
that delivers a project to meet the owner’s objectives. 
In the construction industry, this process is referred 
to as life-cycle costing. The designer of a construction 
project is constantly faced with alternatives as they 
progress through the design process; life-cycle costing 
ensures that the best alternatives are chosen. Rather 
than making a choice simply on the basis of least cost, 
life-cycle costing provides a mechanism to determine 
which alternative offers the largest economic advan-
tage by considering costs and benefits that occur 
throughout the life of the development—from its ini-
tial conception through its construction and its useful 
life to the time it is ready for replacement.

What is Life-Cycle Costing?

The process of life-cycle costing (LCC) treats design 
decisions as investments, taking into account outlays 
and payback over the life of these investments. LCC 
seeks to reduce the overall cost of a project by select-
ing designs and components, which minimize the own-
er’s expenses not just at the time of construction but 
also over the full life of that project. In this process the 
cash flows of alternative designs and components are 
analyzed to determine which of the options provides 
the highest net benefit to the owner when all costs are 
accounted for, not just the initial capital costs of con-
struction. Often the prime question is: Should we spend 
extra now on a component in exchange for the promise 
of added benefits in the future? Calculations can show 
that the additional investment in the component is 
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justified by the greater benefits obtained over the term 
of the investment. Life-cycle costing provides a frame-
work for making assessments of costs and benefits based 
on the “time value” of money. This allows the analyst to 
compare and select from alternatives that have different 
life spans and diverse cost and benefit profiles.

The Time Value of Money and the 
Notion of Equivalence

Given a choice of receiving $100 now or receiving 
$100 three years from now, just about everyone will 
opt to receive it now. There are several good reasons 
for this. First, most people have a current need for cash. 
They have bills to pay today, so cash now is obviously 
preferred to a promise of some amount in the future. 
Second, there is always some risk attached to the future. 
How sure are you of getting the promised future sum? 
Will $100 buy the same amount in three years as it 
can now? There is far more certainty when the sum is 
in your hand right now. But even if you do not have 
a great need for cash currently and the promise of the 
future payment is from a very reliable source, there is 
still a third, very persuasive reason for taking the cash 
now. You could invest the sum and, with interest, have 

a larger amount in three years. It is for these reasons, 
and especially because interest is paid on loans, that the 
value of money declines with time.

However, if the amount offered three years from 
now is greater than that offered now, say $150 in three 
years or $100 now, some people may be willing to wait 
for the larger sum. The need for immediate cash and 
the amount of risk involved will be different for each 
individual; certain people will still prefer the cash now. 
Other people may find it very difficult to decide; for 
them the future $150 is worth exactly $100 now. For 
these individuals, the two amounts are equivalent. The 
analysis that follows is based on this concept: Different 
sums of money that are time separated can be equiva-
lent to each other.

Compound Interest

Because LCC treats design decisions as investments, we 
need to account for compound interest since interest 
will accrue not only on the original amount invested 
but also on the interest that is paid.

Consider a sum of money (P) invested in an 
income-generating venture that pays interest at the rate 
of i% per period:

Period Amount at Beginning of Period Amount at End of Period

1 P P 1 Pi 5 P(1 1 i)

2 P(1 1 i) P(1 1 i) 1 P(1 1 i)i 5 P(1 1 i)2

3 P(1 1 i)2 P(1 1 i)2 1 P(1 1 i)2i 5 P(1 1 i)3

2 2 2

2 2 2

N P(1 1 i)N 2 1 P(1 1 i)N21 1 P(1 1 i)N21i 5 P(1 1 i)N

So, the compound interest formula can be stated as:

F 5 P(1 1 i)N 
and

P 5
F

(1 1 i)N

Where:  P is a present amount of money
F is a future amount of money
i is the interest rate per period
N is the number of periods

Compounding periods can be years, months, days, 
or any other discrete time period; in the extreme, 
where the number of compounding periods per year 
approaches infinity, continuous compounding occurs. In 
life-cycle costing, the compounding period will usually 

be annual or monthly so we need not consider continu-
ous compounding here.

Compound Interest Calculations

Example 1

If you are going to need $9,000 in 6 years to pay 
for the replacement of a building component, 
would you have sufficient funds at that time if you 
invested $5,000 in securities yielding 10% interest 
compounded annually?

Answer:	� F 5 P (1 1 i)N  

F 5 $5000(1.10)6 

F 5 $8857.80
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Therefore, this investment would not generate 
sufficient funds to pay for the replacement.

Example 2

If a $10,000 sum were required 12 years from  
now, how much would you need to invest now 
when the interest paid on the investment is 6% 
compounded annually?

Answer:	 P 5
F

(1 1 i)N

             P 5
10,000

(1.06)12

             P 5 $4,969.69

Therefore, $4,969.69 invested now will 
generate the required funds.

Nominal and Effective Interest Rates

Interest rates are usually stated as an amount per year 
disregarding any compounding that occurs during the 
year. This rate is referred to as the “nominal interest 
rate”; for example, a bank may state that its interest 
rate on loans is 12%, which is the nominal annual rate. 
If compounding occurs monthly, the interest rate per 
period will be 12% divided by 12 months, or 1% per 
month. The effective rate per year can be calculated 
using the following formula:

i 5 a1 1
r
t
b

t

2 1

Where:  i is the effective interest rate
r is the nominal interest rate
t is the number of compounding periods  

	 per year

So, in the case of the bank loan, the effective interest 
rate is calculated thus:

i 5 a1 1
r
t
b

t

2 1

i 5 a1 1
0.12
12

b
12

2 1

i 5 (1.01)12 2 1

i 5 1.1268 2 1

i 5 0.1268  (12.68% per year)

So, a nominal interest rate of 12% compounded 
monthly is an effective rate of 12.68%.

Derivatives of the Compound 
Interest Formula

Given a series of end-of-period payments each of value 
A, the following formulas hold:

FORMULA	 FORMULA NAME

F 5 A c (1 1 i)N 2 1
i

d 	 uniform series compound amount

A 5 F c i

(1 1 i)N 2 1
d 	 uniform series sinking fund

P 5 A c (1 1 i)N 2 1

i(1 1 i)N d 	 uniform series present worth

A 5 P c i(1 1 i)N

(1 1 i)N 2 1
d 	 uniform series capital recovery

Using Tables

The expression (1 1 i)N in the compound interest 
formula is known as the “compound amount factor” 
and is denoted by (F/P, i%, N). This factor is applied 
to determine a future amount F given a present amount 
P compounded at an interest rate of i% over N periods. 
The value of compound amount factors can be obtained 
from compound interest tables that list values for 
various interest rates over various periods. Tables can 
be accessed on the Internet; simply Google “compound 
interest tables” and click on any of the links to discrete 
compounding tables offered.

The compound interest formula can now be written 
in this form:

F 5 Pa F
P

,  i%,  Nb

To solve this equation, the present value P is multiplied 
by the appropriate F/P factor obtained from the tables.

Compound interest tables can also be used to 
obtain values for the following expressions:

Expression	 Factor Used

  P 5 FaP
F

,  i%,  Nb 	 single present worth factor

  F 5 Aa F
A

,  i%,  Nb 	 compound amount factor

  A 5 FaA
F

,  i%,  Nb 	 sinking fund factor
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  P 5 Aa P
A

,  i%,  Nb 	 series present worth factor

  A 5 PaA
P

,  i%,  Nb 	 capital recovery factor 

NOTE: The following algebraic manipulation holds 
true with these factors:

1

a F
P

,  i%  Nb
5 aP

F
,  i%,  Nb

aP
F

  ,  i%,  Nb 3 a F
A

  ,  i%,  Nb 5 a P
A

  ,  i%,  Nb ,  etc.

Example 3

How much would you have at the end of 10 
years if you invested $150,000 at 8% interest 
compounded annually?

Answer:	  F 5 P(F>P,  8%,  10)

F 5 $150,000(2.1589)

F 5 $323,835.00

Therefore, you would have $323,835.00 in this 
account after 10 years.

Example 4

Adding insulation to a ceiling will save $3,250 
annually over a 15-year period. If the interest rate 
is 10%, what is the present worth of these savings?

Answer: � P 5 A(P>A,  10%,  15)

 P 5 $3250(7.6061)

 P 5 $24,719.83

Therefore, the present worth of the savings is 
$24,719.83.

Compounding Periods

As stated above, compounding can occur more fre-
quently than annually. There could be semi-annual 
compounding (every 6 months), quarterly compound-
ing (every 3 months), monthly compounding, and even 
daily compounding. In life-cycle costing analysis, the 
most common compounding period is monthly because 
payments are usually made monthly.

In order for the time value of money formulas to 
function, the interest rate must always correspond to 
the period. In other words, if the period is monthly, the 
interest rate must be per month.

If the annual interest rate is 18% (the nominal rate) 
and compounding is monthly, then the monthly interest 
rate is 1.5% (18%/12).

Conversely, if the monthly rate is 1%, then the 
nominal annual rate is 12% (12 3 1%). So, in general 
terms, the nominal interest rate 5 the interest rate per 
period multiplied by the number of compounding peri-
ods per year.

Example 5

If you will require a sum of $100,000 in 5 years’ 
time, how much do you need to deposit each 
month over the 5 years when the annual interest 
rate is 12% compounded monthly?

Answer:  N 5 5  years 3 12
	 N 5 60
	 i 5 12%>12
	 i 5 1%  per  month
	 A 5 F(A>F,  1%,  60)

	 A 5 $100,000(0.01224)
	 A 5 $1224  per  month

Therefore, you would need to deposit $1,224 
per month to accumulate the required amount.

Example 6

You presently have $1,000,000 in your account 
to be used over the next 10 years to finance a 
maintenance expense that occurs every three 
months. What value of quarterly expense can this 
finance if the annual interest rate is 6%?

Answer:  i 5 6%/4 5 1.5% per quarter

	 A 5 P(A/P, 1.5%, 40)

	 A 5 $1,000,000(.0334)

	 A 5 $33,400.00

Therefore, you would be able to afford a 
$33,400.00 quarterly expense.

Determining the Appropriate 
Discount Rate

In life-cycle costing, the analysis typically involves 
evaluation of the present worth of some future 
expenses to decide whether the investor should spend 
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an extra sum now to reduce those future expenses. 
The process of calculating present worth is referred 
to as “discounting future amounts,” and the interest 
rate used in this process is known as the “discount 
rate.”

The value adopted for the discount rate has a sig-
nificant effect on the outcome of the analysis. When 
the decision is whether to spend now or spend in the 
future, a high discount rate will discourage spending 
now. But what rate does the analyst use in the calcu-
lations? The rate used depends mainly upon how the 
expenditures are to be financed. If the investment is to 
be financed with a loan, then the discount rate used 
needs to be sufficient to at least cover the interest rate 
charged on the loan. Alternatively, if the investor is 
going to use cash that is available, they should deter-
mine what rates of return can currently be obtained 
from alternative investments of a similar risk. If you 
decide to invest your cash in a construction project, 
you will be forgoing the returns from an alternative 
project. This is known as the “opportunity cost” of the 
funds; so, for the construction investment to be justi-
fied, it has to be equal to or greater than the alterna-
tive investments.

Whatever the situation, the investor should 
identify what is the minimum rate of return he will 
accept on the life-cycle costing proposals he is con-
sidering. This minimum acceptable rate of return  
(MARR) will be the discount rate used in the costing 
calculations.

Example 7

Consider an investor who can increase the revenue 
on her property by $1,000 per month if she invests 
$120,000 now in a new parking area. She is going 
to finance this property improvement with a loan 
at an interest rate of 6% compounded annually, so 
6% is the MARR used in this analysis.

Assuming she is going to hold on to the 
property for 20 years, the present value of the 
extra revenue is calculated thus:

i 5
6%
12

i 5 0.5%  per  month

N 5 20 3 12

N 5 240  months

P 5 A(P>A,  0.5%,  240)

P 5 $1000(139.5808)

P 5 $139,580.80

This tells us that if we paid $139,580.80 for 
the $1,000 per month income, we have a rate 
of return of precisely 6%. So, if we can get the 
same $1,000 income for an investment of only 
$120,000, the investment is yielding more than 
6%. Consequently, with a MARR of 6%, the 
$120,000 investment is justified. In other words, 
the money we are borrowing costs 6%, but we are 
gaining a higher rate of return than this on our 
investment, so it is a good investment.

Price Inflation

Another factor that can have a significant influence 
upon the discount rate used in life-cycle costing is 
the expected rate of inflation. Because the costs of 
goods and services tend to rise over time, the value 
of money declines with time (i.e., the same sum of 
money will buy less in the future). This is the process 
we refer to as “price inflation,” and it can be dealt 
with in LCC analysis by using either of the following 
two methods:

	1.	 Calculate all future cash flows using “today’s”  
dollars and use an unadjusted interest rate.

	2.	 Express future cash amounts in “then current” dol-
lars and use an interest rate that takes inflation into 
account.

Example 8

If an HVAC unit costs $500,000 today and it needs 
to be replaced in 10 years, using method 1 the 
present worth of this cash flow, with an interest 
rate of 8%, is calculated in this fashion:

P 5 $500,000 1 500,000(P/F, 8%, 10)
P 5 $500,000 1 500,000(0.46319)
P 5 $731,595.00

However, if the rate of inflation is 3%, the cost 
of the replacement unit in then-current dollars will 
be:

F 5 $500,000(F/P, 3%, 10)
F 5 $500,000(1.3439)
F 5 $671,950.00

For method 2, the first step is to calculate 
the interest rate that takes into account inflation. 
This inflated interest rate is obtained by using the 
following formula:

if 5 i 1 f 1 i(f )
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So, in this example, the inflated interest rate is:

if 5 8% 1 3% 1 8% 3 3%

if 5 11% 1 0.24%

if 5 11.24%

The present worth of the cash flow in the example 
is obtained thus:

P 5 $500,000 1 671,950>(1 1 i)10

P 5 $500,000 1 671,950>(1.1124)10

P 5 $500,000 1 231,594

P 5 $731,594

Clearly, in this example, method 1 is preferable 
because it achieves the same result with fewer calcula-
tions. Generally, working exclusively in today’s dollars 
and ignoring inflation simplifies computations, so it 
tends to be the favored method of analysis.

Equal Life Alternatives

Criterion of Selection 1: When each of the alternatives 
under consideration provides the same benefits over the 
same time period, the alternative with the lowest pres-
ent worth of all costs is the preferred option.

Example 9

Floor finish A costs $100,000 to install and will 
cost $20,000 to remove 10 years from now. Floor 
finish B costs $105,000 and there is no removal 
cost. Which floor finish should be adopted if the 
discount rate is 8% compounded annually?

Present worth of A 5 �$100,000  

1 $20,000(P/F, 8%, 10)

5 �$100,000  

1 $20,000(0.46319)

5 $109,264

Therefore, select alternative B since it has the 
lower present cost.

Criterion of Selection 2: When alternatives 
have both costs and benefits over the same time 
period, select the alternative with the highest net 
benefit when the present worth of costs is deducted 
from the present worth of benefits. 

Example 10

Below are the costs and savings over a 20-year 
period associated with three ways to upgrade 
windows. If the discount rate is 6%, which 
alternative is best?

ALT 1 ALT 2 ALT 3

Initial cost: $23,000 $31,000 $35,000

Annual savings: $2900 $3700 $4000

NOTE: Because there are both costs and benefits 
involved, costs are considered negative and benefits 
are positive.

ALT 1: net  

present worth 5 �2�$23,000 1 $2900(P/A, 6%, 20)

5 �2$23,000 1 $2900(11.4699)

5 1$10,263

ALT 2: net  

present worth 5 �2$31,000 1 $3700(P/A, 6%, 20)

5 �2$31,000 1 $3700(11.4699)

5 1$11,439

ALT 3: net  

present worth 5 �2$35,000 1 $4500(P/A, 6%, 20)

5 �2$35,000 1 $4000(11.4699)

5 1$10,880

Therefore, select alternative 2 as it has the highest 
net benefit.

Unequal Life Alternatives

Criterion of selection: When alternatives do not have 
the same life expectancy, a multiple of lives has to be 
used so that they are compared over equal time periods.

Example 11

Light fixture type X costs $10,000 and lasts for 
4 years, while fixture type Y costs $14,000 and 
lasts for 6 years. Which should be selected if the 
discount rate is 5%?

In this case, the lowest common multiple of 
lives is 12 years, so to finance type X fixtures 
over a 12-year period, $10,000 will be spent now, 
$10,000 after 4 years, and $10,000 after 8 years.

To finance type Y fixtures over 12 years, 
$14,000 will be spent now and $14,000 after  
6 years.

PW of  

cash flow X 5 �$10,000 1 10,000((P/F, 5%, 4)  

1 (P/F, 5%, 8))

5 �$10,000  

1 $10,000(0.82270 1 .676841)

5 $24,995
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PW of  

cash flow Y 5 �$14,000 1 14,000(P/F, 5%, 6)

5 �$14,000 1 $14,000(0.74622)

5 $24,447

Therefore, select alternative Y, since it has the 
lower present worth of costs.

Equivalent Uniform Annual Series

As an alternative to evaluation of cash flows on the basis 
of present worth, evaluation on the basis of the equiv-
alent uniform annual series can be made. This takes 
the form of converting all payments in the cash flow 
to an equivalent series of equal annual (or monthly) 
payments. Then this equivalent uniform annual series is 
evaluated according to one of the following criteria.

Criterion of Selection 1: When each of the alter-
natives under consideration provides the same bene-
fits, the alternative with the lowest equivalent uniform 
annual cost (EUAC) is selected.

Example 12

Wall finish A costs $12,000 to install and has an 
annual maintenance of $2,000. Wall finish B costs 
$9,500 to install with an annual maintenance 
of $3,200. If the finishes are expected to last for 
6 years, what is the better alternative when the 
interest rate is 12%?

EUAC of A 5 $12,000(A/P, 12%, 6) 1 $2000

5 $12,000(0.2432) 1 $2000

5 $4918 per year

EUAC of B 5 $9500(A/P, 12%, 6) 1 $3200

5 $9500(0.2432) 1 $3200

5 $5510 per year 

Therefore, select alternative A since it has the 
lower equivalent uniform annual cost.

Criterion of Selection 2: When alternatives have 
both costs and benefits, select the alternative with 
the highest equivalent uniform annual net benefit.

Example 13 (Example 10 Revisited)

Below are the costs and savings over a 20-year period 
associated with three ways to upgrade windows. If 
the discount rate is 6%, which alternative is best?

ALT 1 ALT 2 ALT 3

Initial cost: $23,000 $31,000 $35,000

Annual savings: $2900 $3700 $4000

NOTE: Because there are both costs and benefits 
involved, costs are considered negative and benefits 
are positive.

EUA net  

benefit of ALT 1 5 2�$23,000(A/P, 6%, 20) 

1 $2900

5 �2$23,000(0.0872) 1 $2900

5 1$894.40 per year

EUA net  

benefit of ALT 2 5 2�$31,000(A/P, 6%, 20) 

1 $3700

5 �2$31,000(0.0872) 1 $3700

5 1$996.80 per year

EUA net  

benefit of ALT 3 5 �2�$35,000(A/P, 6%, 20) 

1 $4000

5 �2$35,000(0.0872) 1 $4000

5 1$984.00 per year

Therefore, alternative 2 is best because it has 
the highest equivalent uniform annual net benefit. 
(Note that this is the same result as obtained from 
present worth analysis.)

Example 14

The cost of a conventional controls system 
for a development is $4,000,000 with annual 
maintenance costs of $22,000. The cost of an 
electronic controls system is $5,500,000 with 
annual maintenance of $25,000.

If the electronic option is adopted, rents can 
be increased by $30,000 per annum, and the value 
of the development will be $2,000,000 higher 10 
years from now, when the developer plans to sell 
the property.

On the basis of EUAC, when the MARR of 
the developer is 12%, which option should be 
selected?

EUA net cost  

of conventional 5 2�$4,000,000(A/P, 12%, 10) 

2 $22,000

5 �2�$4,000,000(0.1770) 

2 $22,000

5 2$730,000
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EUA net cost  

of electronic      5 2�$5,500,000(A/P, 12%, 10)

2 $25,0001 $30,000  

1 �$2,000,000(A/F, 12%, 10)

5 2�$5,500,000(0.1770) 1 $5000

1 �$2,000,000(.05698)

5 2$854,540

Therefore, the conventional control system 
should be used since it has the lower equivalent 
uniform annual net cost. In other words, the extra 
benefits obtained from adopting the electronic 
option do not justify its extra costs.

Alternatives with Unequal Life  
Spans (Revisited)

A major advantage to using equivalent uniform annual 
cost analysis is that alternatives do not have to be 
considered over the same time period as they do with 
present worth analysis. Therefore, when using EUAC 
analysis, it is not necessary to use multiple lives when 
the life spans of alternatives are not equal.

Example 15

A reinforced concrete elevated walkway will cost 
$8,600,000 to build, annual maintenance will be 
$50,000, and its life expectance is 50 years. A steel 
elevated walkway alternative will cost $6,800,000 
with annual maintenance of $150,000 and a 
40-year expected life.

Which alternative is preferred when the 
interest rate is 4%?

EUAC  

of concrete 5 �$8,600,000(A/P, 4%, 50) 1 $50,000

5 �$8,600,000(0.0466) 1 $50,000

5 $450,760

EUAC  

of steel       5 �$6,800,000(A/P, 4%, 40) 1 $150,000

5 �$6,800,000(0.0505) 1 $150,000

5 $493,700

Therefore, the concrete alternative is preferred 
because it has the lower uniform annual cost. 
(Note that if this example were analyzed using 
present worth, multiple lives would have to be 
considered over a 200-year period.)

Incremental Cost Analysis

Life-cycle costing often involves situations where the 
investor is faced with a number of mutually exclusive 
alternatives (i.e., only one of the alternatives can be 
adopted) and is trying to achieve a certain rate of return 
on the investments she or he makes. As discussed previ-
ously, this desired rate of return is called  the investor’s 
minimum attractive rate of return (MARR) since they 
would not be opposed to making a higher rate of return. 
In these situations, the best alternative is found by means 
of incremental analysis. This analysis takes the form of 
starting with the lowest cost alternative and proceeding 
to the next highest cost alternative with the following 
question: Do the extra benefits obtained from the next 
alternative justify the extra cost of this alternative?

	 •	 When the answer to the question is yes, the next 
alternative is adopted and the previous alternative 
rejected.

	 •	 When the answer is no, the next alternative is 
rejected and the previous alternative retained.

The extra cost of the next investment is justified 
according to the following criteria using the MARR as 
the discount rate:

		  A. � When the present worth of the extra benefits 
is greater than the present worth of the extra 
costs, or

		  B. � When the equivalent uniform annual extra ben-
efits are greater than the equivalent uniform 
annual extra costs

Incremental analysis is pursued in 4 steps:

		  1. � Arrange the alternative investments in order 
of initial cost, beginning with the least costly 
alternative.

		  2. � Evaluate the least costly alternative to determine 
if its benefits are greater than its costs using 
either present worth or EUAC analysis with the 
MARR. If this is not the case, reject the alterna-
tive and then repeat the process with the next 
higher cost alternative until an acceptable alter-
native is found. The acceptable alternative found 
by this process becomes the defender.

		  3. � Consider the extra costs and extra benefits of 
the next higher cost alternative (the challenger). 
If the extra investment in the challenger is justi-
fied according to criterion A or B above, replace 
the challenger with the defender.

		  4. � Repeat step 3 until all the alternatives have been 
considered.
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The final successful challenger identified by this proce-
dure is the best alternative.

Example 16

Listed below are the costs and savings attached to 
four alternative methods of upgrading a building’s 
windows. Determine which of these is the best 
alternative over a 20-year life with a MARR  
of 10%.

ALT A ALT B ALT C ALT D

Initial cost: $20,000 $23,000 $30,100 $30,500

Annual savings: $2190 $2900 $3700 $4000

Alternative A is acceptable if the present worth  
of its benefits is greater than its cost.

PW of benefits A 5 $2190(P/A, 10%, 20)

5 $2190(8.5136)

5 $18,644.78

This is less than $20,000; therefore, reject 
alternative A and consider alternative B.

PW of benefits B 5 $2900(P/A, 10%, 20)

5 $2900(8.5136)

5 $24,689.44 

This is greater than $23,000; therefore, accept 
alternative B and challenge with alternative C.

Extra costs of alternative C 5 $30,100 − $23,000

5 $7100

PW of extra benefits           5 �($3700 − $2900)

(P/A, 10%, 20)

5 $800(8.5136)

5 $6810.88

This is less than $7,100; therefore reject 
alternative C, retain alternative B, and challenge it 
with alternative D.

Extra costs of alternative D �5 $30,500 2 $23,000 

5 $7500

PW of extra benefits            5 �($4000 2 $2900)

(P/A, 10%, 20)

5 $1100(8.5136)

5 $9364.96

This is greater than $7,500; therefore, accept 
alternative D as the best alternative.

Example 17

Given the three alternative hot water system 
upgrades listed below, which one should be 
selected on the basis of incremental cost when the 
MARR is 20%?

ALT X ALT Y ALT Z

Initial cost: $152,000 $200,300 $250,100

Annual 
maintenance:

$22,000 $8,000 $2,000

Annual Savings $60,000 $60,000 $60,000

Life Expectancy 10Y 15Y 25Y

Because the life expectancies are different for 
each alternative, EUAC analysis is preferred.

Alternative X is acceptable if the EUA benefits 
are greater than the EUA costs.

EUA benefits of X 5 $60,000 

EUA costs of X      5 �$152,000(A/P, 20%, 10)  

1 $22,000

5 $152,000(0.2385) 1 $22,000

5 $58,252 

Therefore, alternative X is an acceptable 
investment since the EUA benefits are greater than 
the EUA costs. Because the savings obtained are the 
same in each case, the extra benefit of going  
to the more expensive alternative is the reduction 
in annual maintenance. The extra cost is the 
increase in initial cost expressed as an EUAC.

EUA extra benefits of Y �5 $22,000 − $8000 

5 $14,000

EUA extra costs of Y      5 �($200,000 − $152,000)

(A/P, 20%, 15)

5 $48,000(0.2139) 

5 $10,267.20

This is less than $14,000; therefore, accept 
alternative Y as the extra costs are justified.

EUA extra benefits of Z �5 $8000 − $2000 5 $6000

EUA extra costs of Z     5 �($250,000 − $200,000)

(A/P, 20%, 25)

5 $50,000(0.2021) 

5 $10,105

This is greater than $6,000; therefore, reject Z  
because the extra costs of Z over Y are not 
justified, and select alternative Y.

99395_ch18_ptg01_328-338.indd   336



	 CHAPTER 18    LIFE-CYCLE COSTING	 337

SUMMARY

�� LCC seeks to reduce the total cost of a project by 
selecting designs and components that minimize 
the owner’s expenses over the full life of that proj-
ect. In this process, the cash flows of alternative 
designs and components are analyzed to deter-
mine which one of these options provides the 
highest net benefit to the owner when all costs are 
accounted for, not just the initial capital costs of 
construction.

�� The time value of money reveals that the value 
of money declines over time; in other words, any 
future amount of money has less value than that 
same sum at the present time.

�� Future and present amounts can be calculated tak-
ing into account compound interest using this for-
mula: F 5 P(1 1 i)N.

�� Future and present values of uniform annual series 
can be calculated using these formulas:

�� F 5 A [(11i)N 2 1/i] and P 5 A[(11i)N 2 1/i(11i)N]
�� The compound interest formula: F 5 P(11i)N can 

be written as F 5 P(F/P, i%, N), where (F/P, i%, N) 
is a factor that can be obtained from a published 
table and used to make calculations easier and faster.

�� Factors used in uniform series calculations are also 
available from tables.

�� Because life-cycle costing analysis often involves 
evaluation of the present worth of some future 
costs (discounting future costs), the interest rate 
used in this process is known as the discount rate.

�� An investor’s minimum acceptable rate of return 
(MARR) can be determined in two ways:
�� If the investment is to be financed with a loan, 

the rate used needs to be sufficient to at least 
cover the interest rate charged on the loan.

�� If the investor is going to use available cash, they 
should determine what rates of return they can 
obtain on alternative investments of a similar risk.

�� Price inflation can be accounted for in two ways:
�� Calculate all future cash flows using “today’s” 

dollars and use an unadjusted interest rate.
�� Express future cash amounts in “then current” 

dollars and use an interest rate that takes infla-
tion into account.

�� Equal life alternatives are evaluated in two ways:
�� When each of the alternatives under consider-

ation provides the same benefits over the same 
time period, the alternative with the lowest pres-
ent worth of all costs is the preferred option.

�� When alternatives have both costs and benefits 
over the same time period, select the alterna-
tive with the highest net benefit when the pres-
ent worth of costs is deducted from the present 
worth of benefits.

�� When alternatives do not have the same life expec-
tancy, a multiple of lives has to be used so that they 
are compared over equal time periods. Or, using 
equivalent uniform annual costs:
�� When each of the alternatives under consider-

ation provides the same benefits, the alternative 
with the lowest equivalent uniform annual cost 
(EUAC) is selected.

�� When alternatives have both costs and benefits, 
select the alternative with the lowest equivalent 
uniform annual net cost or the highest equiva-
lent uniform annual net benefit.

�� Incremental analysis seeks to answer the following 
question: Do the extra benefits obtained from the next 
alternative justify the extra cost of this alternative?

�� Incremental analysis is a four-step process:
		 1. � Arrange the alternative investments in order of ini-

tial cost, beginning with the least costly alternative.
		 2. � Evaluate the least costly alternative to determine 

if its benefits are greater than its costs using 
either present worth or EUAC analysis with the 
MARR. If this is not the case, reject the alterna-
tive and then repeat the process with the next 
higher cost alternative until an acceptable alter-
native is found. The acceptable alternative found 
by this process becomes the defender.

		 3. � Consider the extra costs and extra benefits of 
the next higher cost alternative (the challenger). 
If the extra investment in the challenger is justi-
fied according to criterion A or B above, replace 
the challenger with the defender.

		 4. � Repeat step 3 until all the alternatives have been 
considered. The final successful challenger identified 
by this incremental procedure is the best alternative.

 REVIEW QUESTIONS

	 1.	What is the objective of life-cycle costing?

	 2.	 If you have no need for immediate cash and you are 
promised a future sum from a very reliable source, 
why is it still preferable to “take the cash now”?

	 3.	What is the concept of equivalence?

	 4.	By choosing a less expensive component, you can 
save $1,000 now but there will be an additional 
expense of $1,500 10 years from now. If you invest 
the $1,000 at 5% interest compounded annually, 
will the investment pay for the added expense?
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	 5.	 If you anticipate the need for a new $50,000 fur-
nace in 15 years, how much do you need to put in 
a bank account now to finance this expense if the 
interest rate is 6% compounded annually?

	 6.	How much would you have after 5 years if you 
saved $2,000 per month and the nominal interest 
rate was 12%?

	 7.	How much would you need to invest now to finance a 
$100,000 expense 6 years from now if the investment 
pays 8% interest per year compounded quarterly?

	 8.	 If your MARR is 6% and you are planning to sell 
a building 3 years from now, should you spend 
$180,000 upgrading insulation to save $5,600 per 
month over this period?

	 9.	You are going to need $50,000 for repairs in  
3 years’ time; how much do you need to save each 
month to finance this expense when the annual 
nominal interest rate is 12%?

	10.	When a company is going to invest cash that they 
have on hand in a development, what discount rate 
should they use in life-cycle costing analysis?

	11.	An investor is considering borrowing $500,000 at 
12% compounded monthly to upgrade the win-
dows of an office building. What value of savings in 
the monthly heating costs over 5 years would jus-
tify this investment?

	12.	 If the cost of a renovation in 10 years is expected to 
be $100,000 in “then present” dollars, what is the 
present worth of this work if the interest rate is 7% 
and the rate of inflation is 2%?

	13.	The cost of resurfacing a stretch of highway with 
asphalt is $7,000,000 and the annual maintenance 
is $275,000. If concrete resurfacing is used, the 
cost is $9,750,000 and the annual maintenance is 
$65,000. Which alternative should be adopted for a 
30-year term with a discount rate of 5%?

	14.	An owner is considering upgrading the siding on 
her house. Package A costs $50,000 and is expected 
to save $7,000 annually in heating and cooling. 
Package B costs $70,000, and the expected annual 
savings is $9,000. Which package should be chosen 
if the discount rate is 9% over a 20-year period?

	15.	A concrete roof system costs $490,000 with annual 
maintenance of $4,000 and a life expectancy of  
30 years. A metal roof system costs $520,000 with 
$5,000 annual maintenance and a 45-year life 
expectancy. Which is the best alternative when the 
discount rate is 6%?

	16.	Developers are going to install an air-condition-
ing system in their building and, as a consequence, 
they believe they can increase rents by $40,000 

per month. System A will cost $1,850,000 and 
monthly maintenance is $4000; system B will cost 
$1,020,000 and monthly maintenance is $12,000. 
Using EUAC analysis over 5 years with an interest 
rate of 18% per year, which alternative should be 
selected?

	17.	Type X light fixtures cost $100,000 and last  
5 years, and type Y light fixtures cost $140,000 and 
last 7 years. Which fixtures should be adopted if the 
interest rate is 8% per annum?

	18.	To upgrade the walls of an office building with a 
paint finish will cost $500 per 1000 square feet plus 
$100 per 1000 square feet for annual maintenance 
and will last 4 years before it needs to be replaced. 
Using a vinyl wall finish, the figures are $1500 and 
$50, respectively, and the replacement period is 10 
years. If the paint finish is used, rents will rise by $300 
per 1000 square feet; if vinyl is used, rents will rise by 
$350 per 1000 square feet. Which option should be 
adopted if the interest rate is 10% per annum?

	19.	Four levels of insulation are being considered for 
a building. The initial costs and the annual savings 
in heating costs associated with each alternative are 
listed below. If the MARR is 15%, which alterna-
tive should be selected on the basis of incremental 
analysis over a 20-year life?

Initial Cost Annual Savings

Level 1 $125,000 $15,000

Level 2 $156,000 $25,000

Level 3 $190,000 $30,000

Level 4 $220,000 $36,000

	20.	A warehouse company found that a faulty roofing 
system was costing it $15,750 per annum in main-
tenance, repairs, and damaged goods. It obtained 
the following information on three alternative new 
roof systems. Use incremental analysis to determine 
which alternative it should select when its MARR  
is 12%.

ALT X ALT Y ALT Z

$ $ $

Installation Cost 80,000 105,000 124,000

Annual Maintenance 4,500 2,000 500

Annual Savings 15,750 15,750 15,750

Net Annual Savings 11,250 13,750 15,250

Life Expectancy 15 years 30 years 50 years
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A
addendum  A change to bid documents issued at the time 

bids are being prepared.
add-on  An estimate item (usually related to general 

expenses) calculated as a percentage of some part or the 
total of an estimate.

assembly  A component of a project that consists of a collec-
tion of takeoff items.

B
bank measure  A volume of excavation or backfill calculated 

using the actual -dimensions of the hole to be excavated 
or filled with no allowance for swell or compaction of the 
material.

bar chart  A graph that depicts a project schedule that lists 
tasks and, by means of a timeline, shows when the tasks will 
occur and how long they will take.

bid bond  An indemnity from a surety that guarantees the 
contractor named is submitting a bid in good faith; if this 
contractor should fail to comply with the bid conditions, the 
surety will be liable to compensate the owner for damages 
suffered as a consequence.

bid runner  A person who hand-delivers a bid for a construc-
tion project. This person is usually also required to enter 
the final details onto the bid documents before they are 
submitted.

bond beam  A reinforced concrete beam contained within 
U-shaped concrete blocks.

brick-on-edge course  A course of bricks laid so that the 
brick ends are visible on the face of a wall and the long 
dimension of the end is vertical rather than horizontal, 
which is normally the case.

brick ties  Sometimes referred to as “strap anchors” or “wall 
ties”; these are wire or sheet-metal devices inserted at reg-
ular intervals into horizontal masonry (brick or block) 
joints to attach one masonry wall to another or to attach a 
masonry wall to another part of the structure.

C
cash allowance  A sum of money included in a bid as an 

allowance for a certain project expenditure; sometimes 
called a prime cost sum, or PC sum.

compaction factor  An amount added to the volume of 
backfill material to account for the additional material 
required to increase the density of the backfill material 
when it is in place.

conceptual estimate  An estimate prepared when the project is 
no more than an idea under consideration and when very little 
specific detail is known about the design of the work involved.

construction manager  The person or company charged 
with responsibility for the on-site activities of a construction 
project.

contingency sum  A sum of money included in a bid as an 
allowance for nonspecific project expenditures such as the 
cost of extra work in general.

cost plan  A summary of anticipated project expenditures 
prepared in the early (feasibility) stage of the project and 
expressed as a collection of budgets, one for each element or 
major component of the project.

cost-plus contract  A form of construction contract in which 
the main terms allow for the contractor to be paid all the 
costs incurred to complete the project plus an additional 
amount for profit.

CSI MasterFormat  A master list of numbers and descrip-
tions for organizing information about construction require-
ments, products, and activities in specifications.

D
design-build  A project delivery method whereby an organi-

zation undertakes to both design and construct a project for 
an owner.

E
extra over  The cost of providing an additional feature over 

and above the cost of the standard feature, for example, the 
extra cost of providing tinted glass rather than plain glass.
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F
fast tracking  Organizing a construction project so that the 

work begins before the design is complete in order to reduce 
the overall duration of the project.

fly forms  A formwork system designed and built so that it 
can be moved as a unit, usually by crane, from use in one 
location to use in another location.

form ties  Metal wires or rods used to produce the desired amount 
of separation between the sheets of form material on each side 
of a wall formwork system, and also to resist the pressures that 
result from filling the form system with liquid concrete.

G
gang forms  See fly forms.
general contractor  A contractor hired, usually after a bid 

competition, to complete the work of a project. This con-
tractor assumes responsibility for construction of the entire 
project, although subcontractors may perform some or all 
of the work involved.

I
instructions to bidders  Usually found at the beginning of 

the bid documents, they describe the project in general terms 
and provide information such as the required time and place 
of the bid closing. They will usually also include a clause 
that calls for the bidder to leave the bid open for acceptance 
for a specified period of time.

L
ladder reinforcement  A masonry wall-reinforcing system 

that is laid in horizontal joints. It comprises two wires that 
run the length of the wall and short wires that pass between 
the two long wires at intervals so that the complete assem-
bly resembles a ladder.

lump-sum contract  A contract between an owner and a con-
tractor whereby the contractor agrees to perform a defined 
scope of work for a stipulated sum. As a consequence, lump-
sum contracts are applicable only when the work can be 
well defined in the contract documents.

M
masonry ties  See brick ties.
method of measurement  A uniform basis for measuring 

construction work that provides rules relating to how work 
is described and measured in the estimating process.

N
net in place  Quantities of work measured using the dimen-

sions obtained from drawings with no adjustment for fac-
tors such as waste.

P
PC sum  Prime cost sum; see cash allowance.
pilaster  A column attached to a wall.
preliminary estimate  An estimate prepared in the early 

stages of a project when little detail is known about the spe-
cific design of the project.

Q
query list  A list of questions compiled by an estimator in the 

takeoff process. These lists are generally sent to the design 
consultants to obtain clarification in the form of addenda 
to bid documents.

R
recap  A summary listing of takeoff items and quantities that 

presents like items together in a prescribed order to facilitate 
ease of pricing.

running bond  A method of laying bricks in which the bricks 
are laid in courses with their long edge exposed and vertical 
joints staggered from one course to the next.

S
slump  A measure of how liquid a mix of concrete is. This 

characteristic is determined in a standard test carried out 
with a conical mold 12 inches (300 mm) high. In the test, 
the mold is first filled with concrete and then the mold is 
lifted free. The height of the cone of concrete formed is mea-
sured to determine the amount by which it is lower than 12 
inches (the slump). Thus, a large slump signifies a more fluid 
mix of concrete.

soldier course  A course of bricks laid side-by-side on their 
ends so that the long dimension of the brick edge exposed is 
vertical rather than horizontal.

superplasticizer  A concrete additive that reduces the 
amount of water needed for a concrete mix while, at the 
same time, producing a more fluid concrete that flows more 
easily.

swell factor  The amount by which a volume of excavated 
material expands after it has been extracted from the 
ground in the excavation process.

T
topsoil  The top layer of vegetable soil on a site.
truss reinforcement  A masonry wall-reinforcing system 

that is laid in horizontal joints. It comprises two wires that 
run the length of the wall and a third wire that zigzags 
between the two straight wires so that the complete assem-
bly resembles a truss.

U
unit-price contract  A contract between an owner and a 

contractor whereby the contractor agrees to perform a 
defined scope of work on the basis of so much per unit 
of work completed. For example, the contractor may offer 
a price per cubic yard for trench excavation, a price per 
cubic yard for 3000 psi concrete in footings, and so on. 
Subsequently, the contractor is paid for the agreed quan-
tity of each item completed multiplied by the unit price for 
that item.

V
value analysis  A systematic and creative method of obtain-

ing the desired function from a component of a construction 
project for the least expenditure. In the process, the value 
of a component to the owner or the end user of a project 
is assessed and an effort is then made to obtain the desired 
component at the best price.

W
wall ties  See brick ties.
waterstops  A feature introduced into a concrete joint to 

prevent the flow of water through that joint.
weep holes  Gaps left in a course of masonry wall usually 

by omitting mortar from some of the joints in that course to 
allow water to drain from the inside of the wall.
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Page numbers in italics indicate figures.

A
Accommodation expenses, 259–261, 

260
Addenda/addendum, 22, 92
Add-ons, 29

bid total, 270
general expenses, 254, 256, 256
labor, 269

Advance stage, of bid closing, 275, 
276–277, 277

Air barriers, 117
Allowances, 280
Alternative prices, in bidding,  

278–280, 281
Area

of plane shapes, 35, 36
Assemblies, 4

defined, 32
in takeoffs, 31–32

Assembly estimates, 302–304, 
305–309

Associations, construction, 17

B
Backfill. See also Excavations

pricing, 172–191
trench, 47–52, 50

Bank measure, 45
Bar-chart schedule, 257, 257
Basement excavations, 53, 54–56, 

58–59,173
Bathroom accessories, 120
Beams, manufactured, 117
Bearing piles, 58

classification of, 59–60
Bid advertisement, 15, 17
Bid bonds, 281–282
Bid closing, 275–297

advance stage, 276–277,  
277–282

after, 291–294
bid breakdown, 286–287
bid form, 278–282
bid result tabulation, 291, 293
bid summary sheet, 275, 276–277, 

277
closing stage of, 277–282, 286
computerized, 287
cost control and, 294
naming subcontractors,  

285–286
post-bid review, 293–294
pre-bid review, 282–284
staffing for, 284–285
subtrade conditions, 285
subtrade submissions, 287

summary sheet
house example, 294, 295
office/warehouse example, 

294, 296
unit-price bids, 287–291,  

288–289, 290, 292
Bid conditions, 282
Bid depositories, subcontractor, 

251–252
Bid documents, 20, 21
Bid form, 278–282, 280

allowances, 280
alternative prices, 278–280, 281
bid conditions, 282
bid security, 281–282
components of, 278
separate prices, 280
unit prices, 279, 278

Bid mark-up, 283–284
Bid record, 20, 21
Bid report, 20, 21, 23
Bid-reporting services, 18
Bid result tabulation, 291, 293
Bid runner, 277, 285
Bids, 15–17

breakdown of, 286–287
clarification of, 284
closed, 17–18
factors to consider in, 19
marketing to get, 18
open, 15–16
prequalified, 18
private, 15
public, 15
sources for information, 15

Bid security, 281–282
Bid summary sheet, 275, 276–277, 277
Bid total add-ons, 270
Blocking, 118
Board foot (BF), 116, 117
Board measure (BM), 116, 117
Bond beams, 106
Brick-on-edge, 105–106
Brick ties, 108
Brick work, measuring, 106

conversion factors, 106–107
notes, 107–108

Budget estimating, 299–309. See also 
Preliminary estimating

Business Information & Development 
Services Inc. (BIDS Inc.), 
15–16

C
Cabinets, 118
Cant strips, 117
Carpentry. See Finish carpentry; 

Rough carpentry

Cash allowance, 120
Cast-in-place concrete work, 192
Centerline perimeter calculations, 34, 

35–41, 35–37
of wall plans, 35–37, 37–41

Closed bids, 17–18
Closing the bid. See Bid closing
Compaction factors, 45, 174–175, 

175,180
Compound amount factor, 330
Compounding periods, 331
Compound interest, 329–331

compounding periods, 331
derivatives of formula, 330
using tables,330–331

Computer estimating systems, 25. See 
also ICE® software

bid closing, 287
digitizers, 46
recapping, 146–147
takeoffs, 34, 46

Computer spread sheets, for 
equipment pricing, 166, 
167–169

Conceptual estimates, 3–4
Concrete blocks, measuring,  

106, 106
conversion factors, 16–107
notes, 107–108

Concrete piles
poured-in, 61–62
precast, 60–61

Concrete work
cast-in place, 192
measurement of, 87–101

finishes and miscellaneous 
work, 91

formwork, 89, 90
house example, 91–92, 93–94
notes, 88–89, 88
office/warehouse example, 92, 

95–100
placing,193–196

factors to consider in, 196
methods of, 193–194
productivity, 193

pricing, 192–221
formwork,198–206, 204
house example, 209–215, 210, 

212, 214
materials, 196, 198, 199
miscellaneous items, 206–208, 

208–209
office/warehouse example, 

215–220, 216–218
reinforcing steel, 206, 207
supplying and placing, 

193–196
wage rates, 209

productivity in
formwork,198–199, 201
placing, 193, 196, 197
reinforcing steel, 206, 207

saw cutting in, 91
Consent of Surety, 282
Consistency, in measurement, 29
Construction associations, 17
Construction management delivery, 

6–7, 7
Construction manager, 6
Construction news services, 18
Construction safety, 11–12, 19
Consumables, small tools and, 269
Contingency sum, 280
Contractor’s risk, when pricing, 

147–148
Contracts

cost-plus, 8, 147
lump-sum, 8, 147
types of, 8, 9–10, 11
unit-price, 8, 9–10, 11, 29

Copings, 117
Cost analysis, incremental, 335–336
Cost control, 294
Cost planning, 2

elemental estimates and, 322
preliminary estimates and, 4–5

Cost-plus contracts, 8, 147
Cost reports, 151–152, 153,154
Counters, 118
Crane, tower, cost of, 265–267, 266
CSI/CSC UniFormat, 311–312,  

313–314, 313–315, 316–319
CSI MasterFormat, 11, 313, 313
Cupboards, 118
Curing slabs, 91
Cut and fill

calculating with grid method, 47, 
48–49

equipment used for, 173

D
Declining-balance depreciation, 

160–161, 161
Depreciation of, equipment,  

159–161, 160–161
declining-balance, 160–161, 161
production or use, 161, 161
rubber-tired equipment, 161
straight-line, 160, 160

Design-bid-build project delivery 
systems, 6

Design-build project delivery systems, 
7–8, 8

Detailed estimates, 5, 5, 11
Dewatering, 267
Digitizers, 46
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Dimensions, takeoffs and, 30–31
Discount rate, 331–332
Door frames, 119
Doors, 119
Drawings

office/warehouse example, 68–76
single-family house, 63–67

Dressed lumber, 225

E
Effective interest rates, 330
Elemental cost analysis, 312–314, 

316–317, 322
Elemental estimating, 305, 311–325

cost plan, 425
CSI/CSC UniFormat, 311–312, 

313–319
example, 312–314, 316–318
information required for, 312
objective and use of, 312
office building example, 323, 

324–325
percentage of total cost, 314
ratio to gross floor area, 314–316
using to price future building, 

316–322, 320–322
Elements, 4
Employer’s liability insurance, 269
Enclosures, temporary, 262–263, 

263–264
English measurement system, 28
Equal life alternatives, 333
Equipment pricing, 148–154, 

158–170
computer spread sheets, 166, 

168–169
cost reports, 151–152, 153
depreciation of, 159–161, 

160–161
examples, 164–166
for excavation work, 172–174
financing expenses, 162
fuel and lubrication, 162–163
maintenance and repair costs, 

161–162
operating costs, 163
overhead costs, 163–166
productivity and, 150–152
rental rates, 149
renting vs. purchasing, 159
rubber-tired, 161
site, 265
storage costs, 162
strategy for, 154
taxes and insurance, 162

Equipment rates, 149
Equivalence, in life-cycle costing, 329
Equivalent uniform annual cost, 

334–335
Estimates

conceptual, 3–4
construction safety and, 11–12
contract types and, 8, 9–10,11
defined, 2
detailed, 4–5, 5,11
formulas for calculating, 34–37, 

35–41
preliminary, 2, 4–5. See also 

Preliminary estimating
preparing, 5, 5
project delivery systems and, 5–8, 

6–8

role in construction industry, 2, 3
Estimating process, 14–25, 16.  

See also Bids
bidding, 15–18
computer systems for, 25, 34
objectives of, 14–15
query list, 22
scheduling,19, 20
site visit, 22–25, 23–24
steps in, 15, 16
team approach, 22

Excavations
compaction factors, 45, 174, 

175,180
cut and fill

calculating with grid method, 
47, 48–49

equipment for, 172–174, 173
hand, 174
measurement of, 44

accuracy in, 52–53
basement, 53–54, 54–56, 58–61
notes, 46
pit, 54, 55–57
trench, 47, 48–52, 50
trench backfill, 47–48, 50

methods for, 174
of piles, 62
pricing, 172–191

equipment, 172–174, 173
house example, 182–185, 182
materials, 174, 177, 180–182
office/warehouse example, 

185–189, 186
productivity and, 174–176, 

178–178
transportation expenses, 173
trucking requirements, 

180–181
workcrews, 176–177, 178

rental equipment, 173, 173
safety considerations, 45
soils report in, 44–45
trench, 67, 50

Expansion joints, in concrete work, 91
Expenses. See also General expenses

miscellaneous, 267–269
Exterior finishes

measuring, 120–121
house example, 91–92, 93–94

pricing, 227, 230
house example, 234, 238, 239

“Extra over,” 106

F
Fascias, 117
Fast tracking, 6–7, 7
Feasible project, defined, 3
Fee mark-up, 283–284
Financing charges, 268
Financing expenses, for equipment, 

162
Finish carpentry

measuring, 118
house example, 135

pricing, 227, 229
house example, 234, 235–236

wage rates, 231
Finishes

in concrete work, 91
interior and exterior

measuring, 120–121, 137, 
138–143

pricing, 227, 230, 234,  
237–238, 239

Finish hardware, 120
Fire protection, temporary, 268
First aid, cost of, 259
Floor system, measuring, 121,  

122–134, 135
Fly forms, 200
Form ties, 200
Formwork, concrete

materials, 200–202, 203, 204–206
measuring, 89, 90
pricing, 198–206
productivity, 199–200, 201

Framing work, measuring, 116–117
Fringe benefits, 269
Fuel costs, for equipment, 162–163
Furring, 118

G
Gang forms, 200
General contractor, 6
General expenses

add-on items, 256, 256
bid total add-ons, 270
dewatering, 267
house example, 270, 271, 272
labor add-ons, 269
miscellaneous expenses, 267–269
office/warehouse example, 272, 273
pricing, 254–274
project schedule and, 257, 257
safety and first aid, 259
site access, 264
site cleanup, 267
site equipment, 265–267
site personnel, 257–259, 258
site security, 264–265
storage space, 264
temporary site

heating, 263–264, 264
hoardings and enclosures, 

262–263, 262–263
offices, 261
services, 261–262

travel and accommodation,  
259–261, 260

trucking, 267
types of, 254, 255, 256

Goods and services tax, 268–269
Grid method, cut and fill calculating 

with, 47, 48–49
Gross floor area, ratio to, 314–316
Grout, in concrete work, 91

H
Hand excavations, 174
Hardware

finish, 120
rough, 118, 227

Heating, temporary site, 263–264, 
264

Hoardings and temporary enclosures, 
262–263, 262–263

House example
bid closing summary sheet, 294, 295
concrete work takeoff, 91, 93–94
drawings for, 63–67
excavation pricing, 182–185, 182

exterior finishes, 137, 138–140
finish carpentry, 135
general expenses, 270, 271,272
interior finishes, 137, 141–143
masonry work, 108, 109–111
pricing

exterior and interior finishes, 
234, 238, 239

finish carpentry, 234, 235–236
masonry work, 231, 232
rough carpentry, 231, 233, 234

pricing concrete work, 209–215, 
210, 212, 214

rough carpentry, 121, 
122–136,135

sitework takeoff, 62, 77–78, 
77–78, 80

I
Incremental cost analysis, 335–336
Inflation, price, 332–333
Instructions to bidders, 44
Insurance

for equipment, 162
liability, 269
for property damage, 269

Interest rates
effective, 330
nominal, 330

Interior finishes
measuring, 120–121

house example, 137, 141–143
pricing, 227, 230

house example, 234, 238, 239
Item units, 28–29

J
Job factors

in excavation productivity, 
174–176

in placing concrete, 193
in productivity, 150–151

Joists, 117

L
Labor

add-ons, 269
concrete work, 209
excavation workcrews, 176, 178
payroll additive, 148, 269
pricing, 148–154

cost reports, 151–152, 153, 154
productivity and, 150–151
strategy for, 154
wage rates, 148–149

in productivity, 151
productivity of, 150–151

Labor and management factors
in excavation productivity, 174, 

176
in labor and equipment 

productivity, 151
Ladder reinforcement, 105
Liability, public, 269
Liability insurance, 269
Life-cycle costing, 328–338

compound interest, 329–330
defined, 328–329
discount rate, 331–332
effective interest rates, 330
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equal life alternatives, 333
equivalence in, 329
equivalent uniform annual cost, 

334–335
incremental cost analysis, 

335–336
nominal interest rates, 330
price inflation, 332–333
time value of money, 329
unequal life alternatives, 333–334

Local site visit, 23
Lubrication costs, for equipment, 

162–163
Lumber

grades of, 226–227
lengths and waste factors, 226
measuring

board measure, 116, 117
framing work, 116–117
metric units, 116
notes, 116–118

rough, 227
softwood, 225
structural, 225
surfaced, 225
worked, 225
yard, 225

Lump-sum contracts, 8, 147

M
Maintenance, of equipment, 161–162
Manufactured beams, 117
Marketing, to get bids, 18
Mark-up fee, 283–284
Masonry, wind-bracing, 268
Masonry work

measuring, 104–114
brick, 105–106
concrete blocks, 106, 106
conversion factors, 106–107
house example, 108, 109–111
notes, 107–108
office/warehouse example, 108, 

111, 112–113
pricing, 223–224, 224

house example, 231, 232
office/warehouse example, 

239, 240
scope of work for, 252
wage rates, 209

MasterFormat, 11, 313, 316
Materials

in concrete formwork, 200–206, 203
in concrete work, 196, 198, 199
in excavation work, 174–176, 

177, 180–182
in masonry work, 223–224
owner-supplied, 155
pricing, 154–155
in rough carpentry, 225–227, 228
from supplier, 154

Materials takeoff, 28
Materials testing, 268
Measurement

accuracy of, 31
defined, 28
method of, 28
net in place, 28–30
overview, 27–42
quantity takeoff, 27–28. See also 

Takeoffs
units of, 28

Measurement and payment contracts, 
8, 9–10, 11

Measuring notes, 28
concrete work, 88–89, 88

finishes and miscellaneous 
work, 91

formwork, 89
excavation, 46–47
finish carpentry, 118
masonry work, 107–108
piling, 56–62
rough carpentry, 116–118

Metals, miscellaneous, measuring, 
119

Method of measurement, 27
Metric measurement system, 28

measuring lumber, 116
SI units, 28

Millwork, measuring, 118
Mini-bid, 2
Minimum attractive rate of return 

(MARR), 335
Minority-owned businesses, 244
Miscellaneous expenses, 267–269
Moisture conditions, in excavations, 

174, 175
Money, time value of, 329
Multi-rate estimating methods, 

301–305, 305–309
assembly estimates, 302–304, 

305–309
developing assembly prices, 305
elemental estimating, 305, 

311–326
price per typical bay, 301–302, 

303
Municipal charges, 268

N
Net in place, 28–30
News services, construction, 18
Nominal interest rates, 330
Nominated subcontractors, 247
Non-shrink grout, in concrete  

work, 91

O
Objectivity, in measurement, 29
Occupational Safety and Health 

Administration (OSHA) 
safety standards, 11–12

Office/warehouse project
bid closing summary sheet, 294, 

296
concrete blocks, 108, 111, 

112–113
concrete work takeoff, 91–92, 

95–100
drawings for, 68–76
general expenses, 272, 273
pricing

concrete work, 215–220, 
216–218

excavation, 185–189, 186
masonry work, 239–240, 240

sitework takeoff, 80, 81–83
Open bids, 15–18
Operating costs, for equipment, 163
Overhead costs, equipment and, 

163–166
Overtime premium, 269

P
Paneling, 118
Payroll additive, 148, 269
Payroll taxes, 268–269
Percentage of total cost estimating, 

314
Perimeter centerline calculations, 34, 

35–37, 35–41
of wall plans, 35, 35–37, 37–41

Perimeters, of plane shapes, 34, 35
Personnel, cost of site, 257–259, 258
Photographs, 267–268
Piling

bearing, 58
classification of, 59–60

concrete
poured-in, 61–62
precast, 60–61

excavation of, 62
measuring notes, 56–62
sheet, 62
steel, 60
timber, 60

Pit excavations, 53–54, 55–57, 
173–174

Positive action programs, 244–245
Post-bid review, 293–294
Poured-in concrete piles, 61–62
Pre-bid proposal, subcontractor, 

248–249, 249
Pre-bid review, 282–284

bid clarifications, 284
bid mark-up, 283–284
objectives of, 282–283
topics for, 282–283

Precast concrete piles, 60–61
Preliminary estimating, 2, 5, 299–310

assembly estimates, 302–305, 
304–309

cost planning and, 4–5
elemental estimating, 305, 

311–326
methods, 300–305
multi-rate methods, 301–305, 

304–309
price per typical bay, 301–302, 

303
price per unit, 300
price per unit area, 300–301
price per unit volume, 301

Prequalified bids, 18
Price inflation, 332–333
Price per typical bay estimating, 

301–302, 303
Price per unit area estimating, 

300–301
Price per unit estimating, 300
Price per unit volume estimating, 301
Pricing

concrete work, 192–221
equipment, 148–154, 158–170
excavation, 172–191
finish carpentry, 227, 229
general expenses, 254–274
masonry work, 223–224
overview, 146–157

contractor’s risk, 147–148
labor, 148–154
materials, 154–155
recapping, 147

rough carpentry, 224–227, 
226, 228

subcontractor work, 155–156, 
243–253

Prime cost sums (PC sums), 280
Private bids, 15
Production depreciation, 161, 161
Productivity

in concrete operations
formwork, 198–200, 200
placing, 193, 196, 197
reinforcing steel, 206, 207

equipment, 150–151
in excavation, 174–176, 178–179
labor, 150–151
masonry work, 223, 224
rough carpentry, 224–225, 226

Profit, defined, 283
Project, schedule for, 257, 257
Project delivery systems, 5–8, 6–8

construction management delivery, 
6–7, 7

design-bid-build, 6, 6
design-build, 7–8, 8

Project signs, 268
Project size

in excavation pricing, 175–176
in labor and equipment pricing, 

150–151
Property damage insurance, 269
P3 projects, 7
Public bids, 15
Public liability, 269
Public-private partnerships, 7
Purchasing, equipment, 159

Q
Quantity takeoff. See also Takeoffs

defined, 27–28
Query list, 22

R
Rafters, 117
Ratio to gross floor area estimating, 

314–316
Ready-mix concrete, 196
Recap breakdown, 32, 287–289, 289
Recapping, 146–147
Reinforcing steel

in concrete work, 91
pricing, 206, 207

productivity, 206, 207
Remote site visit, 24
Rental equipment, 159
Rental rates, equipment, 149
Repair costs, for equipment, 161–162
Risk, contractor’s, 147–148
Roof system, measuring, 121, 135, 

135–136
Rough carpentry

measuring, 115–118
board measure, 116, 117
house example, 121, 122–136, 

121, 135
metric units, 116
notes, 116–118

pricing, 224–227, 226, 228
house example, 231, 232–233, 

233–234
wage rates, 231

Rough hardware, 118, 227
Rough lumber, 225
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Rubber-tired equipment, depreciation 
of, 161

Running bond, 106

S
Safety considerations, 19

construction costs and, 11–12
at excavations, 45
at site, 257–259

Sales tax, 268–269
Saw cutting, in concrete work, 91
Schedule of Prices, 287, 288, 289, 

292
Scope of work

masonry work, 252
subcontractor, 247–248

Screeds, 91
Security, site, 264–265
Separate prices, in bidding, 280
Sheathing, 117
Sheet piling, 62
Shelving, 118
Sidings, 117
Simpson’s rule, 54, 54
Single-family house example

bid closing summary sheet, 294, 
295

concrete work, 91, 93–94
drawings for, 63–67
excavation pricing, 182–185, 182
exterior finishes, 137, 138–140
finish carpentry, 135
general expenses, 270, 271,272
interior finishes, 137, 141–143
masonry work, 108, 109–111
pricing

exterior and interior finishes, 
234, 237–238, 239

finish carpentry, 234, 235–236
masonry work, 231, 232
rough carpentry, 231, 233, 

233–234
pricing concrete work, 209–215, 

210, 212, 214
rough carpentry, 121, 122–136, 

135
sitework takeoff, 62, 77–78, 

77–78, 80
Single-rate estimating methods, 

300–301
price per unit, 300
price per unit area, 300–301
price per unit volume, 301

Site
cleanup, 267
equipment for, 265–267
personnel, 257–259, 258
safety and first aid for, 259
security for, 264–265
visit to, 22, 23–24, 25

Site access
in excavation productivity, 175
general expenses and, 264
in labor and equipment 

productivity, 151
Sitework. See also Excavations

measurement of, 44
soils report in, 44–45

Sitework takeoff
house example, 62, 77–78, 80

SI units, 28
Slab

curling, 91
finishes, 91

Slump, 195
Small tools and consumables, 269
Social Security tax, 269
Soffits, 117
Softwood lumber, 225
Soils report, 44–45
Soldier course, 105
Sonic digitizers, 46
Specialties, measuring, 120
Spreadsheets, for equipment pricing, 

166, 167–169
Staffing, for bid closing, 284–285
Stairs, 118
Stationary formats, for estimating, 

32, 33–35
Steel, reinforcing, in concrete work, 91
Steel piles, 60
Storage space

for equipment, 162
general expenses and, 264
in productivity, 151

Straight-line depreciation, 160, 160
Structural lumber, 225
Subcontractors

analyzing bids, 249–252, 250
bid depositories, 251–252
bonding of, 248
conditions imposed by, 285
contacting, 245
evaluating, 247–248
listing of, 245, 246
naming, 378
nominated, 247
pre-bid proposal, 248–249, 249
pricing work of, 155–156, 

243–253
problems with, 243–245

scope of work, 252
unsolicited bids, 247
use of unknown, 245, 247

Subfloors, 118
Summary, in unit-price bids, 289, 

290, 291
Sump excavation, 173–174
Superplasticizer, 195
Supplier, pricing materials from, 

154–155
Surfaced lumber, 225
Swell factor, 45, 180

T
Tablet digitizers, 46
Takeoffs

accuracy of, 31
basement, 54–56, 58–59
computer systems for, 34, 46
defined, 27–28
formulas for, 34, 35–41, 35–37
materials, 28
office/warehouse example

concrete blocks, 108, 111, 
112–113

concrete work, 92, 93–100
sitework, 80, 81–83

organization of, 31–32
pit, 54, 56–57
rules for, 30–31
single-family house

concrete work, 91, 93–94
masonry work, 108, 109–111
sitework, 62, 77–78, 77–78

stationary formats for, 32, 33–34
trench, 47–48, 50–53

Taxes, 268–269
on equipment, 162
Social Security, 269

Team approach, for estimating, 22
Temporary site

fire protection, 268
heating, 263–264, 264
hoardings and enclosures,  

262–263, 262–263
offices, 261
services and utilities, 261–262

Timber piles, 60
Time value of money, 329
Topsoil, 62, 152
Tower crane, cost of, 265, 266, 267
Traditional project delivery  

systems, 7
Traffic control, 268
Travel expenses, 259–261, 260
Trench

backfill, 47–48, 50
excavations, 47, 50, 173
takeoff, 48, 51, 50–52

Trim, 118
Trucking requirements

in excavations pricing, 180–182
general expenses and, 267

Trusses, 117
Truss joists, 117
Truss rafters, 117
Truss reinforcement, 107
Typical bay, price per, 301–302, 303

U
Unbalanced bids, 291
Underlay, 118
Unequal life alternatives, 333–334
UniFormat, 311–312, 313–319
Uniform sales tax, 268
Unit

item, 28–29
of measurement, 28

Unit-price bids, 287–291, 288–289, 
290

bid form for, 291
recap format, 287–289, 289
Schedule of Prices, 287, 288, 289, 

292
summary, 289, 290
unbalanced bids, 291

Unit-price contracts, 8, 9–10, 11, 29
Unit prices

in bidding, 278
bid form and, 278, 279
obtaining, 149–150
price per unit area estimating, 

300–301

price per unit estimating, 300
price per unit volume  

estimating, 301
Use depreciation, 161, 161
Utilities, for temporary  

site, 261–262

V
Value-added tax, 269
Value analysis, 5
Value engineering.  

See Value analysis
Value management.  

See Value analysis
Vapor barriers, 117
Volume

of basement excavations, 53, 54, 
56, 58–59

of cut and fill
calculating with grid method, 

47, 48–49
of footing, 34
of pit excavations, 53–54,  

55–57
of solid figure, 36
of trench backfill, 47–48, 50
of trench excavations, 34,  

47–48, 50
of wall, 34

W
Wage rates, 148–149, 231

for concrete work, 194–195
for finish carpentry, 231
fringe benefits, 269
increases in, 269
for masonry work, 231
overtime premium, 269
for rough carpentry, 231

Wall plans, perimeter calculations of, 
34, 35–37, 37–41

Wall system, measuring, 121, 
122–134

Warranty provisions, 268
Waste factors

concrete work, 198
lumber, 226

Water leakage tests, 268
Water removal, 267
Waterstops, 91, 206
Weather conditions

in excavation productivity, 
174–175

in labor and equipment 
productivity, 150–151

Weep holes, 108
Welded wire mesh, 91
Wind-bracing masonry, 268
Window work, 119
Wire mesh, welded, 91
Women-owned businesses, 244
Worked lumber, 225
Worker’s compensation, 269

Y
Yard lumber, 225, 226
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