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Foreword

This manual has been developed for the purposes of enhancing the use of Prefabricated
Bridge Elements and Systems (PBES) as part of accelerated construction projects.
FHWA continues to focus on a need to create awareness, inform, educate, train, assist
and entice State DOT'’s and their staff in the use of rapid construction techniques.

Users of this manual will be able to perform the following tasks:

e Understand the different types of ABC technologies that are in use today
Understand the various types of prefabricated elements used in bridges
Assess specific sites for the most appropriate ABC technology for the project
Plan and implement an accelerated bridge construction program using PBES.
Understand the construction aspects of PBES projects.

Understand the long-term durability of bridges built with PBES

Byron Lord Myint Lwin

Program Coordinator, Team Leader Director

Highways for LIFE Program Office of Bridge Technology
Notice

This document is disseminated under the sponsorship of the U.S. Department of
Transportation in the interest of information exchange. The U.S. Government assumes
no liability for its content or use thereof. This report does not constitute a standard,
specification, or regulation.

The U.S. Government does not endorse products or manufacturers. Trademarks or

manufacturers’ names appear in this report only because they are considered essential
to the objective of the document.
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SI* (MODERN METRIC) CONVERSION FACTORS
APPROXIMATE CONVERSIONS TO SI UNITS

SYMBOL | WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL
LENGTH
in inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mm?
ft square feet 0.093 square meters m?
yd? square yard 0.836 square meters m?
ac acres 0.405 hectares ha
mi? square miles 2.59 square kilometers km?
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft® cubic feet 0.028 cubic meters m?
yd? cubic yards 0.765 cubic meters m°
NOTE: volumes greater than 1000 L shall be shown in m?
MASS

0z ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or Mg (or

"metric ton") "t")

TEMPERATURE (exact degrees)
°F Fahrenheit 5 (F-32)/9 Celsius °C
or (F-32)/1.8
ILLUMINATION
fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 candela/m? cd/m?
FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
Ibf/in? poundforce per square  6.89 kilopascals kPa
inch
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SI* (MODERN METRIC) CONVERSION FACTORS
APPROXIMATE CONVERSIONS FROM S| UNITS

SYMBOL  WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL
LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm? square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft?
m? square meters 1.195 square yards yd?
ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi?
VOLUME
mL milliliters 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m?® cubic meters 35.314 cubic feet ft3
m? cubic meters 1.307 cubic yards yd®
MASS
g grams 0.035 ounces 0z
kg kilograms 2.202 pounds Ib
Mg (or |megagrams (or "metric |1.103 short tons (2000 T
"t) ton") Ib)
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/m?  candela/m? 0.2919 foot-Lamberts fl
FORCE and PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per  Ibf/in®
square inch

*Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of
ASTM E380.
(Revised March 2003)
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Accelerated Bridge Construction (ABC)

DEFINITIONS

Accelerated Bridge Construction (ABC):

ABC is bridge construction that uses innovative planning, design, materials, and
construction methods in a safe and cost-effective manner to reduce the onsite
construction time that occurs when building new bridges or replacing and
rehabilitating existing bridges.

ABC improves:
o0 Site Constructability

0 Total project delivery time
0 Material quality and product durability
o]

Work-zone safety for the traveling public and contractor personnel

ABC reduces:
o Traffic Impacts

o Onsite construction time

0 Weather-related time delays

ABC can minimize:
0 Environmental impacts

0 Impacts to existing roadway alignment
o Utility relocations and right-of-way take

A common reason to use ABC is to reduce traffic impacts because the safety of
the traveling public and the flow of the transportation network are directly
impacted by onsite construction related activities. However, other common and
equally viable reasons to use ABC deal with site constructability issues.
Oftentimes long detours, costly use of a temporary structures, remote site
locations, and limited construction periods present opportunities where the use of
ABC methods can provide more practical and economical solutions to those
offered if conventional construction methods were used.

Conventional Bridge Construction:

Conventional bridge construction is bridge construction that does not significantly
reduce the onsite construction time that is needed to build, replace, or
rehabilitate a single, or group of bridge projects. Conventional construction
methods involve onsite activities that are time consuming and weather
dependent.
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An example of conventional construction includes onsite installation of
substructure and superstructure forms, followed by reinforcing steel placement,
concrete placement, and concrete curing, all typically occurring in a sequential
manner.

One of the reasons to minimize onsite construction activity is because the long-
term presence of contractor related equipment, labor, and staging areas can
present driver distractions and traffic disruptions that reduce the safety and
mobility efficiencies of the transportation network.

Time Metrics for ABC:
To gauge the effectiveness of ABC, two time metrics are used:

Onsite construction time:

The period of time from when a contractor alters the project site location until all
construction-related activity is removed. This includes, but is not limited to, the
removal of Maintenance of Traffic items, construction materials, equipment, and
personnel.

Mobility impact time:
Any period of time the traffic flow of the transportation network is reduced due to
onsite construction activities.

Tier 1: Traffic Impacts within 1 to 24 hours

Tier 2: Traffic Impacts within 3 days

Tier 3: Traffic Impacts within 2 weeks

Tier 4: Traffic Impacts within 3 months

Tier 5: Overall project schedule is significantly reduced by months to
years

Note: “Total project” time is the period of time from when project planning begins
until the time that all bridge work is completed. Total project time adds a planning
time component to the onsite construction time period. It is not a focused metric
because planning time is needed regardless of whether a project is planned
using ABC or conventional construction methods. Owners recognize that the use
of ABC may require varying degrees of planning effort and resource allocations,
but choose the ABC approach due to the site constraints, the many benefits of
ABC, or a combination of the two.

Prefabricated Bridge Elements and Systems (PBES):

Use of prefabricated bridge elements and systems (PBES) is one strategy that
can meet the objectives of accelerated bridge construction. PBES are structural
components of a bridge that are built offsite, or near-site of a bridge, and include
features that reduce the onsite construction time and mobility impact time that
occur from conventional construction methods. PBES includes innovations in
design and high-performance materials and can be combined with the use of
“Fast Track Contracting” methods. Because PBES are built off the critical path
and under controlled environmental conditions, improvements in safety, quality,
and long-term durability can be better achieved.
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Regardless of the reason(s) to choose PBES, On-site construction time and
Mobility impact time are typically reduced in some manner relative to
conventional construction methods.

Elements:

Prefabricated elements are a category of PBES which comprise a single
structural component of a bridge. Under the context of ABC,
prefabricated elements reduce or eliminate the onsite construction time
that is needed to build a similar structural component using conventional
construction methods. An element is typically built in a prefabricated and
repeatable manner to offset costs. Because the elements are built under
controlled environmental conditions, the influence of weather related
impacts can be eliminated and improvements in product quality and long-
term durability can be better achieved.

Deck Elements

Prefabricated deck elements eliminate activities that are
associated with conventional deck construction, which typically
includes onsite installation of deck forms, overhang bracket and
formwork installation, reinforcing steel placement, paving
equipment set up, concrete placement, and concrete curing, all
typically occurring in a sequential manner.

Examples of Deck Elements include:
0 partial-depth precast deck panels

o full-depth precast deck panels with and without
longitudinal post-tensioning

lightweight precast deck panels
FRP deck panels
steel grid (open or filled with concrete)

orthotropic deck

© O O O o©o

other prefabricated deck panels made with different
materials or processes

Beam Elements

Prefabricated beam elements are composed of two types: “deck”
beam elements” and “full-width” beam elements.

Deck beam elements eliminate conventional onsite deck forming
activities as noted above. To reduce onsite deck forming
operations, deck beam elements are typically placed in an
abutting manner.

Examples of Deck Beam Elements include:
o0 adjacent deck bulb tee beams
o0 adjacent double tee beams

0 adjacent inverted tee beams
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o0 adjacent box beams
0 modular beams with decks

o0 other prefabricated adjacent beam elements

Note: Although not preferred under the context of ABC, a separate
construction phase (performed in an accelerated manner) may be
required to finish the deck. A deck connection closure pour,
overlay, or milling operation using innovative materials can be
used to expedite the completion of the deck. In some situations,
the placement of overlays can be accomplished during off-peak
hours after the bridge is opened to traffic.

Full-width beam elements eliminate conventional onsite beam
placement activities. They are typically rolled, slid, or lifted into
place to allow deck placement operations to begin immediately
after placement. Given their size and weight, the entire deck is
not included.

Examples of Full-Width Beam Elements include:
0 truss span without deck
o0 arch span without deck

o0 other prefabricated full-width beam element without
deck

Pier Elements

Prefabricated pier elements eliminate activities that are associated
with conventional pier construction, which typically includes onsite
form installation, reinforcing steel placement, concrete placement,
and concrete curing, all typically occurring in a sequential manner.

Examples of Pier Elements include:
o prefabricated caps for caisson or pile foundations
precast spread footings
prefabricated columns
prefabricated column caps

prefabricated combined caps and columns

© O O O O

other prefabricated pier elements

Abutment and Wall Elements

Prefabricated abutment and wall elements eliminate activities that
are associated with conventional abutment and wall construction,
which typically includes form installation, reinforcing steel
placement, concrete placement, and concrete curing, all occurring
in a sequential manner.
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Prefabricated abutment and wall elements may be built in a
phased manner using conventional construction methods, but
under or near an existing bridge without disrupting traffic.

Examples of Abutment and Wall Elements include:
o prefabricated caps for caisson or pile foundations
0 precast footings, wing walls, or backwalls
0 sheet piling (steel or precast concrete)
o]

prefabricated full height wall panels used in front,
behind, or around foundation elements

0 cast-in-place concrete abutments and walls used
with or without precast elements if built in a manner
that is accelerated, or has no impact to mobility

MSE, modular block, or proprietary walls
Geosynthetic Reinforced Soil (GRS) abutment

o0 Other prefabricated abutment or wall elements

Miscellaneous Elements

Prefabricated miscellaneous elements either eliminate various
activities that are associated with conventional bridge construction
or compliment the use of PBES.

Examples of Miscellaneous Elements include:
0 precast approach slabs

o prefabricated parapets
0 deck closure joints
o overlays

Includes overlays that can be placed in an
accelerated

manner that complements or enhances the
durability and rideability

of the prefabricated element

0 other prefabricated miscellaneous elements

Note: Any cast-in-place concrete or overlay placement operation
should be performed in a manner that reduces the impacts to
mobility. This may require work that is performed under “Fast
Track Contracting” methods with incentive/disincentive clauses,
nighttime or off-peak hour timeframes, or work done entirely off
line. Innovative materials may be needed to expedite placement
times such as the use of rapid-set/early-strength-gain materials or
ultra-high-performance concrete (UHPC) in closure pours.
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Systems:
Prefabricated Systems are a category of PBES that consists of an entire

superstructure, an entire superstructure and substructure, or a total
bridge that is procured in a modular manner such that traffic operations
can be allowed to resume after placement. Prefabricated systems are
rolled, launched, slid, lifted, or otherwise transported into place, having
the deck and preferably the parapets in place such that no separate
construction phase is required after placement. Due to the manner in
which they are installed, prefabricated systems often require innovations
in planning, engineering design, high-performance materials, and
“Structural Placement Methods”.

Benefits of using prefabricated systems include:
o Minimal utility relocation and right-of-way take (if any at all)

o No- to- minimal traffic detouring over an extended period of time
0 Preservation of existing roadway alignment
o No use of temporary alignments
o0 No temporary bridge structures
0 No- to- minimal traffic phasing or staging
Superstructure Systems:
Superstructure systems include both the deck and primary
supporting members integrated in a modular manner such that
mobility disruptions occur only as a result of the system being
placed. These systems can be rolled, launched, slid, lifted, or
transported in place, onto existing or new substructures
(abutments and/or piers) that have been built in a manner that
does not impact mobility.
Examples of Superstructure Systems include:
o full-width beam span with deck
o through-girder span with deck
0 truss span with deck
o0 arch span with deck
o0 other prefabricated superstructure systems
Superstructure/Substructure Systems:
Prefabricated superstructure/substructure systems include either
the interior piers or abutments which are integrated in a modular
manner with the superstructure as described above.
Superstructure/substructure systems can be slid, lifted, or
transported into place onto new or existing substructures that
have been built in a manner that does not impact mobility.
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Examples of Superstructure/Substructure Systems include:
o rigid frames with decks and parapets

o other prefabricated superstructure/substructure
systems

Total Bridge Systems:

Total bridge systems include the entire superstructure and
substructures (both abutments and piers) that are integral with the
superstructure that are built off-line and installed in a manner to
allow traffic operations to resume after placement. This excludes
projects that are built off-line and, once complete, traffic is
“shifted” to the new alignment. Total bridge systems typically
require innovations in designs, high-performance materials, and
“Structural Placement Methods” with or without the use of “Fast
Track Contracting” methods.

Examples of Total Bridge Systems include:
o total bridges of any kind rolled/launched/slid/lifted
into place

o rigid frames with decks, parapets and integrated
substructures

o0 other prefabricated total bridge systems

The following pages contain examples of the most common prefabricated bridge
elements and systems:
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Table 1 Deck Element Examples

Deck Elements Examples
Partial-depth precast deck
panels

Full-depth precast deck
panels with and without
longitudinal post-tensioning

Lightweight precast deck
panels
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Deck Elements Examples
FRP deck panels

Steel grid
(open or filled with concrete)

Orthotropic deck
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Table 2 Deck Beam Element Examples

Deck Beam Elements Examples
Adjacent deck bulb tee
beams

Adjacent double tee beams

Adjacent inverted tee beams
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Deck Beam Elements Examples
Adjacent box beams

Modular beams with decks
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Table 3 Full Width Beam Element Examples

Full Width Beam Elements

Examples

Truss span without deck

Arch span without deck
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Table 4 Pier Element Examples

Pier Elements Examples
Prefabricated caps for
caisson or pile foundations

Precast spread footings

Prefabricated columns

Prefabricated column caps
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Table 5 Abutment and Wall Element Examples

Abutment and Wall Elements

Examples

Prefabricated caps for
caisson or pile foundations

Precast footings, wing walls,
or backwalls

Sheet Piling (Steel Or Precast
Concrete)
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Abutment and Wall Elements | Examples
Prefabricated Full Height Wall
Panels Used In Front,
Behind, Or Around
Foundation Elements

MSE, modular block, or
proprietary walls

mnm_}t l

ﬁ REINF. STRIP LENGTH VARIES
CONG. LEVELING PAD: SEE WALL ELEVATIONS

Geosynthetic Reinforced Soil
(GRS) abutment
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Table 6 Prefabricated System Examples

System Examples
Superstructure Systems E- e

Full-Width Beam Span With
Deck

Total Bridge System

Total bridges of any kind
rolled/launched/slid/lifted into
place
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Glossary of Terms

The following terms may be used in this document. The description of each
term is written in the context of this document.

Term Description
accelerated bridge Construction methods that result in an overall decrease in
construction construction time when compared to the historic

construction methods used to build bridges

additives Substances (typically chemical) that are added to a grout
mixture to counteract the natural tendency of grouts to
shrink.

air release grouts A type of grout that does not rely on a chemical reaction to

achieve expansion. The additive reacts with water to
release air and cause expansion of the grout.

anchor rods Steel rods that are used to transfer loads from the
superstructure to the substructure. Often referred to as
“anchor bolts”, anchor rods differ in that they do not have a
hexagonal head. Anchor rods are normally specified
according to ASTM F1554.

approach slabs Structural slabs that span between the bridge abutments
and the approach fill. They are used to span across the
potential settlement of the approach roadway fills directly
behind the abutments.

backwall A structural wall element that retains the backfill soils
directly behind the beam ends on a bridge abutment

barrier A structural wall element that is used to contain aberrant
vehicles. They can be used on the bridge (parapet), or on
the approach roadway.

batching The process of combining and mixing the materials to form
concrete
bearing A structural element that connects the bridge

superstructure to the substructure, while allowing for
movements such as thermal expansion and contraction.

benefit-cost analysis The comparison of benefits over time and of costs over
time for proposed projects. BCA is a tool used to aid in
public investment decision making by measuring the
efficiency of spending from the viewpoint of net benefit to
society.
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Term Description

bleed water (grout) Water that seeps out of the surface of a grout due to
expansion of a grout in a confined or semi-confined area

blockouts Voids that are cast in prefabricated concrete elements that
are used in connecting the elements in the field

bottom up estimating A process of construction estimating that breaks the
individual tasks into discrete segments where the cost for
time, equipment and materials can be determined for each
segment. The total of all segments are then combined for
the total construction estimate.

breastwall A wall that is typically non-structural that covers the beam
ends at the corners of the bridge abutments. Sometimes
referred to as “cheekwalls” by some states.

bridge deck A structural slab that spans between support elements
(typically beams and girders) on a bridge. Bridge decks
can be made of many materials, including reinforced
concrete, steel, timber, fiber reinforced polymers, etc.

cable restrainers Structural elements that are used to restrain a bridge
superstructure from excessive lateral movement during
seismic events. The goal being to prevent the
superstructure from falling off the substructure, which is a
very common form of failure during seismic events.

camber A geometric adjustment of a bridge beam that is designed
to compensate for the vertical deflection of the beam when
subjected to dead loads. Camber is typically built into
steel beams during fabrication. Camber is an inherent side
effect of prestressed girder construction.

carbon fiber A materials that is used in fiber reinforced polymer
elements (FRP) to provide the structure performance.
These fibers are oriented parallel to the direction of stress.

cast-in-place concrete Concrete that is cast on site (as opposed to cast in a
fabrication plant)

cheekwall A wall that is typically non-structural that covers the beam
ends at the corners of the bridge abutments. Sometimes
referred to as “breastwalls” by some states.

cofferdam An enclosure used to retain water and support excavation
in order to create a dry work environment. Typically used
for bridge substructure construction in rivers and along
river banks.
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Term

composite beam action

composites

compressive strength

concrete

concrete/steel hybrid
decks

confinement steel

consistency

constructability

construction joints

construction stages

continuity connection

continuous spans

Federal Highway Administration

Description

The process of connecting the bridge deck to the beams or
girders to form a combined structural element.

The combining of multiple structural materials to form a
structural element.

The value of uniaxial compressive stress reached when a
material fails.

A construction material that consists of cement (commonly
portland cement), coarse aggregates (such as gravel
limestone or granite), fine aggregates (such as sand), and
water. Often other materials are added to improve the
structural properties such as chemical admixtures and
other cementitious materials (such as fly ash and slag
cement).

A structural bridge deck system that combines structural
steel elements with composite concrete to create a
prefabricated deck system.

Reinforcing steel used to contain the concrete core of a
column when subjected to plastic deformations brought on
by seismic loading.

The state of a mixture of materials where the formulation is
of uniform quality.

The extent to which a design of a structure provides for
ease of construction yet meets the overall strength and
guality requirements.

Joints in structures that are used to facilitate the
construction of a portion of the structure. Construction
joints typically have reinforcing steel passing from one side
of the joint to the other providing continuity of the joined
elements.

A process of building a bridge in segments in order to
maintain traffic during construction.

A connection used to connect two longitudinal bridge
element (beams) to form a continuous bridge system.
Typically these connections are only designed to resist live
load.

A structural system where the beams span across more
than two supports without joints.
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Term Description

contraction joints Joints in structures that are used to allow the concrete
elements to shrink without causing excessive cracking.
Contraction joints typically do not have reinforcing steel
passing from one side of the joint to the other.

controlled density fill See “flowable fill".

conventional bridge Construction methods that do not include prefabrication.

construction Methods that employ non-adjacent butted girders that have
cast-in-place (CIP) concrete deck and CIP concrete
substructures.

cover concrete The specified minimum distance between the surface of

the reinforcing bars, strands, posttensioning
ducts, anchorages, or other embedded items, and the
surface of the concrete.

critical path The portion of the sequence of construction activities
which represents the longest overall duration. This in turn
determines the shortest time possible to complete a
project.

cross frame A transverse structural element connecting adjacent
longitudinal flexural element used to transfer and distribute
vertical and lateral loads and to provide stability during
construction.  Sometimes synonymous with the term

“diaphragm”.
crown The apex of the roadway cross slope.
curing compounds Chemical compounds that are used to prevent the rapid

evaporation of water from concrete during curing.

curb A structural element that is constructed at the edge of the
bridge deck that is used to contain rain water runoff.
Curbs are often combined with structural railings to retain
vehicles.

debonding The process of disconnecting prestressing strand from the
surrounding concrete in a prestressed concrete element.
This is done to control stresses in prestressed elements
(typically at the ends of the element).

deck The structural portion of a bridge that is directly beneath
the wheels of passing vehicles.

dewatering The process of removing water from an excavation that is
below the water table or surface of adjacent water.
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Term

diaphragm

differential camber

dimensional growth

distribution direction

drilled shafts

dry pack grout

effective prestress

elastomeric bearing pads

emulation design

epoxy adhesive
anchoring systems

Federal Highway Administration

Description

A transverse structural element connecting adjacent
longitudinal flexural element used to transfer and distribute
vertical and lateral loads and to provide stability during
construction. Sometimes synonymous with the term “cross
frame”.

A variation on the camber of two adjacent beams. See
“camber”.

The phenomenon that results in the change in overall
structure width or length when multiple elements are
butted together. This is brought on by a build up of
element side variations or tolerances that are a result of
the fabrication process.

A direction that is normally parallel to the supporting
members and is perpendicular to the direction of beam
action in reinforced concrete slabs that are designed for
one-way slab action.

A deep foundation unit, wholly or partly embedded in the
ground, constructed by placing fresh concrete in a drilled
hole with or without steel reinforcement. Drilled shafts
derive their capacity from the surrounding soil and/or from
the soil or rock strata below its tip. Drilled shafts are also
commonly referred to as caissons, drilled caissons, bored
piles, or drilled piers.

A form of grout that has very stiff consistency that is placed
by packing the material into voids by hand and hand tools.

The stress or force remaining in the prestressing steel after
all losses have occurred.

A type of structural bearing that is comprised of virgin
neoprene or natural rubber. Sometimes combined with
internal steel plates, fiberglass sheets, or cotton duck
sheets.

A design method where a prefabricated connection is
designed and detailed to act as (or emulate) a
conventional concrete construction joint.

A method of embedding reinforcing rods into hardened
concrete to form a structural connection. The process
involves a drilled hole and a chemical adhesive. Note:
Epoxy adhesive anchoring systems should not be used in
sustained tension applications.
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Term Description

epoxy grouts Grout materials with chemical adhesives used in place of
cementitious materials.

ettringite expansive grout  Ettringite is crystal that forms as a result of the by product
of reactive chemicals that can be interground into the
cement in expansive grouts to produce non-shrink grout.

exodermic bridge deck A bridge deck system that is composed of a steel grid deck
combined with a top layer of concrete to form a composite
system. This system differs from filled grid decks in that
the concrete is placed above the top of the grid to
maximize the composite action between the steel and the
concrete.

expansion joints Joints in structures that are used to allow the concrete
elements to expand and contract with temperature
variation without causing excessive cracking. Expansion
joints are similar to contraction joints except they are
normally wider and often include a compressible material
to allow for thermal expansion. They also do not have
reinforcing steel passing from one side of the joint to the
other.

fiber reinforced polymers A structural matrix of materials used to produce a

(FRP) structural element. FRP is commonly made reinforcing
fibers that are combined with polyester, epoxy or nylon,
which bind and protect the fibers from damage, and
transfers the stresses between fibers. FRPs are typically
organized in a laminate structure, such that each lamina
(or flat layer) contains an arrangement of unidirectional
fibers or woven fiber fabrics embedded within a thin layer
of light polymer matrix material. The fibers, typically
composed of carbon or glass, provide the strength and
stiffness.

filled steel grids A bridge deck system that is composed of a steel grid deck
combined that is either fully or partially filled with concrete.

flowable fill A material used to rapidly fill a void in embankment
backfills or under structures without compaction. It
normally has high flow characteristics. It is commonly
made up of sand, water and a minor amount of cement. It
is also referred to as “controlled density fill".

flying wingwalls Walls used to retain embankment soils at the corners of

abutments that are cantilevered from the end or rear of the
abutment as opposed to being supported on a footing.
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Term Description

foam block fill A material made with expanded polystyrene (EPS) used to
rapidly fill embankments where low unit weight materials
are desired. This is often used over highly compressible
soils such as clays. This material is also referred to as

geofoam.
full-depth precast A bridge deck system that is composed of reinforced
concrete deck slabs concrete elements that when placed, make up the full

structural deck system.

gantry crane A crane type that is characterized by two or more legs
supporting an overhead beam with a traveling trolley hoist.

gas generating grout A type of non-shrink grout that expands due to the
production of gas during the curing process. The gas is
generated by adding reactive materials to the mix (often
aluminum) to produce the gas.

geosynthetic reinforced Geosynthetic Reinforced Soil (GRS) technology consists of

soil integrated bridge closely spaced layers of geosynthetic reinforcement and

system compacted granular fill material. GRS—-IBS includes a
reinforced soil foundation, a GRS abutment, and a GRS
integrated approach. When integrated with a bridge
superstructure, the system blends the embankment with
the superstructure to act as a single unit with respect to
settlement.

girder-floorbeam bridges A bridge framing system that is composed of main girders
that run parallel to the centerline of the roadway combined
with transverse floorbeams that support the deck. Often
the system includes stringer beams that run between
floorbeams (parallel to the roadway).

glue laminated wood A structural framing material that consists of multiple layers
of dimensional lumber glued together to form a large
timber element.

greenfield A construction area where a bridge or highway is being
built on land that previously did not support a roadway or
bridge.

grout A material (often cementitious or epoxy) that is used to fill

voids between elements.

grouted reinforcing splice A proprietary product used to join precast concrete
couplers elements by connecting reinforcing steel bars at the ends
of the elements. They consist of a steel casting sleeve
that is filled with grout. The reinforcing bars are inserted
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into the ends of the casting and developed by the
interaction of the grout with the sleeve.

haunch The material between the top of a beam element and the
bottom of the bridge deck that gaps the space between the
two elements (also referred to as the “web gap” in some

states).
high early strength A concrete mixture that gains strength rapidly in order to
concrete accelerate construction.
integral abutment A bridge abutment type that is made integral with the

bridge superstructure through a combined shear and
moment connection. They are often constructed with a
single row of piles that allow for thermal movement and
girder rotation. Soil forces behind the abutments are
resisted through the strut action of the superstructure.

integral abutment The connection between the superstructure and the

connection integral abutment substructure that can resist both shear
and moment.

integral pier connection The connection between the superstructure and the pier
substructure elements that can resist both shear and
moment.

keeper assemblies Devices that are placed on top of substructures to prevent

lateral movement of the bridge superstructure. They are
often used to resist lateral seismic forces. They can be
constructed with structural steel or reinforced concrete.

leveling bolts Bolt assemblies embedded in various prefabricated
elements that are used to make grade adjustments in the
field during construction.

life-cycle cost analysis A process for evaluating the total economic worth of a
usable project segment by analyzing initial costs and
discounted future costs, such as maintenance, user costs,
reconstruction, rehabilitation, restoring, and resurfacing
costs, over the life of the project segment.

match casting A process of joining two precast concrete elements with
high precision. This is done by casting one element
against the adjoining element in the fabrication yard,
separating them, and then re-joining them in the field. The
field connection is normally made with thin epoxy
adhesives combined with post-tensioning.
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Term

mechanical splices

mechanically stabilized
earth (MSE) retaining
walls

mild reinforcement

modular block retaining

walls

near site fabrication

network arch bridge

non-shrink cementitious
grout

one-way slab

open grid decks

orthotropic bridge deck

parapet

partial-depth precast

Federal Highway Administration

Description

Devices used to connect reinforcing through mechanical
means. Examples of these systems include grouted
sleeves, wedge assemblies, and threaded bar ends.

A soil-retaining system, employing either strip or grid-type,
metallic, or polymeric tensile reinforcements in the soil
mass, and a facing element that is either vertical or nearly
vertical. In this system, the soil mass is engaged by the
strips to become a gravity type retaining wall.

Steel bars or grids within concrete elements that are used
to resist tension stresses. Mild reinforcement normally
consists of deformed steel bars or welded wire fabric.

A soil-retaining system employing interlocking soil-filled
timber, reinforced concrete, or steel modules or bins to
resist earth pressures by acting as gravity retaining walls.

A process of constructing prefabricated elements near the
bridge construction site in order to minimize problems with
shipping of large elements.

A type of tied arch that includes suspender cables that are
run diagonally forming a crisscrossing pattern

A structural grout used for filling voids between elements
that is formulated with cement, fine aggregates and
admixtures. The admixtures are used to provide
expansive properties of the material during curing. This
expansion counteracts the natural tendency of cement
grouts to shrink during curing.

A reinforced concrete slab system that primarily spans
between two parallel support members. In this system, the
majority of the reinforcing runs perpendicular to the
support members.

A bridge deck system that is composed of an open steel
grid spanning between supporting members.

A steel bridge deck system comprised of a top deck plate
supported by open or closed ribs that are welded to the top
plate.

A structural element that is constructed at the edge of
bridge deck that is used to contain aberrant vehicles.

A bridge deck system that consists of relatively thin
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Term

concrete deck panels

pier box

pier cap
pier column

pile bent pier

pile cap footing

plastic hinge

post-tensioning ducts

post-tensioning (PT)

precast concrete

prefabrication

prefabricated bridge
elements

prefabricated bridge
systems

Federal Highway Administration

Description

precast concrete panels that span between supporting
members that are made composite with a thin layer of site-
cast reinforced concrete. The precast panel makes up the
bottom portion of the structural slab. The site cast
concrete makes up the remainder of the structural slab.

A prefabricated system that includes a precast concrete
box that is placed over driven piles or drilled shafts. The
box becomes the form to contain site cast reinforced
concrete. Often pier boxes are used in water applications
to form a cofferdam for the footing concrete.

A structural beam spanning between pier columns.
The vertical structural element in a bridge pier

A bridge pier without a footing that is comprised of driven
piles or drilled shafts supporting a pier cap.

A footing that is supported by driven piles or drilled shafts.

A method of dissipating lateral seismic forces by allowing
portions of reinforced concrete pier columns to bend
beyond the yield point. Stability of the structure is
maintained by providing adequate confinement
reinforcement.

A form device used to provide a path for post-tensioning
tendons or bars in hardened concrete

A method of prestressing in which the strands or bars are
tensioned after the concrete has reached a specified
strength.

Concrete elements that are cast in a location other than
their final position on the bridge.

The process of building bridge elements prior to on-site
construction in order to accelerate the construction of the
bridge.

Portions of a bridge structure that are constructed away
from the final bridge site (see Definitions on page 1-9)

Portions of a bridge structure that are made up of several
elements that are combined to form a larger portion of the
bridge suchs as the superstructure, substructure or the
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Term Description
entire bridge (see Definitions on page 1-9)

prestressed concrete Concrete elements in which force is introduced into the
element during fabrication to produce internal stresses that
are normally opposite of the anticipated stresses in the
completed structure. Prestressing can be accomplished
with pretensioning or post-tensioning.

pretensioning A method of prestressing in which strands are tensioned
before the concrete is placed, and released after the
concrete has hardened to a specified strength.

guality assurance and The process of inspection and control during fabrication to
guality control (QA/QC) ensure that the specified quality is achieved.

reflective cracking A crack that can form in site cast concrete that is placed
over a joint between two elements below the pour.

reinforced closure pours A method of connecting two prefabricated elements by
casting a segment of reinforced concrete between two
elements. The connection is often made using lap splices
or mechanical reinforcing connectors.

reinforced concrete Concrete elements with reinforcing steel cast into the
concrete to form a structural element. The steel is
normally used to resist tension stresses in the element.

reinforcing steel Steel placed in concrete elements (either be mild
reinforcement or prestressing steel).

return on investment Measurement of the efficiency of spending from the
viewpoint of net benefit to society. ROI analysis is
essentially identical to benefit/cost analysis, incorporating
benefit concepts that do not directly result in a revenue

stream.
right of way The land used for the route of a railroad or public road
road user costs Costs that incurred by users of a highway network when

they are delayed due to construction activities.

saturated surface dry A condition that is normally specified for concrete surfaces

(SSD) condition that are to be grouted. Saturated Surface Dry describes
the condition of the concrete surface in which the pores
are filled with water; however no excess water is on the
surface. This condition minimizes the absorption of water
from the grout into the surrounding concrete.
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segregation A condition where the distribution of course or fine
aggregates in the concrete or grout mix become non-
uniform.

self-propelled modular A high capacity transport trailer that can lift and move

transporter (SPMT) prefabricated elements with a high degree of precision and
maneuverability.

shear key A shaped joint between two prefabricated elements that
can resist shear through the geometric configuration of the
joint.

shear studs Headed steel rods that are welded to elements to provide

composite action between two bridge elements. Typically
used between beams and the deck slab.

sheeting A structural system used to retain earth and water and
allow for excavation during the construction of a bridge
substructure.

shims pack Flat plates placed between two prefabricated elements

used to provide a specified separation. Shims are also
used to make vertical grade adjustments. Shims are
typically made of steel or polymer sheets.

shrinkage (grout) A property of cementitious concretes and grouts that
occurs during curing where the material reduces in size.

skew angle In most state agencies, this is defined as the angle
measured between the centerline of the bridge elements
(abutments, piers, joints, etc.) and a line perpendicular to
the roadway alignment. (i.e. a bridge with zero skew is
square bridge). This definition is used in this manual.
Several states define the skew angle as the complimentary
angle (i.e. a bridge with 90 degree skew is square).

spandrel wall A wall that is constructed on the sides of earth filled arch
structures that are used to retain the fill solils.

spiral reinforcement Transverse reinforcement used in reinforced concrete
columns to resist shear. Spirals are also used for
confinement of the concrete core as a plastic hinge forms.

steel stay-in-place forms  Corrugated steel sheeting that is used to support the wet
concrete in a bridge deck during construction, and left in
place in the permanent structure.

strength direction A direction that is normally perpendicular to the supporting
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members and is parallel to the direction of beam action in
reinforced concrete slabs that are designed for one-way
slab action.

stress laminated timber A timber bridge deck that is comprised of multiple layers of

deck bridges dimension lumber placed on edge and connected with
transverse prestressing. Shear transfer between the
laminations is accomplished through friction.

stringers There are two common uses for this term.
1. Longitudinal steel beams on short span multi-beam
bridges.

2. Secondary framing members on floor beam type
bridges that span from floor beam to floor beam.

stub abutments A short cantilever type abutment that is constructed near
the top of the approach embankment.

substructure The portion of the bridge that is below the beam and/or
deck elements. It typically includes piers, abutments, and
walls.

superstructure The portion of the bridge that is above substructure. It

typically includes bearings, beams, girders, trusses, and
the bridge deck.

surface preparation The process of preparing a concrete surface for grouting

(grout) by cleaning or intentionally roughening the surface. This is
done to improve the adhesion of the grout to the concrete.
It typically includes sand blasting, water blasting, or hand
tool cleaning.

sweep The lateral curvature of a prefabricated element caused by
fabrication form irregularities and/or internal stresses.

test pours and test mock- A method of quality control whereas a contractor will build

ups a model of a portion of the bridge structure that includes a
void that requires grout placement. These are used to
demonstrate proper grout placement in complex voids.

tied arch An arch structure where the thrust forces at the supports
are resisted by a continuous bottom chord that runs from
end to end.

timber deck panels Prefabricated timber panels that are made with glue

laminated lumber.

tolerance Specified allowable dimensional variations in prefabricated
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elements. The variations are a result of irregularities in
formwork and minor deviations in measurements during
fabrication.

transverse ties Reinforcement used in reinforced concrete columns to
resist shear. Ties, if properly detailed, can also used for
confinement of the concrete core as a plastic hinge forms.

tremie concrete pour Concrete that is placed underwater and within a cofferdam
to resist the vertical pore pressure of the water below a
footing during construction.

variable web gap See “Haunch”
water content The specified amount of water in a concrete or grout mix.
wearing surface The top portion of the bridge deck that is directly below the

vehicle tires. Often wearing surfaces are designed to be
sacrificial and replaceable.

wet curing Curing is the process of retaining sufficient moisture
(water) in freshly placed grout/concrete to complete the
hydration reaction which occurs when water is introduced
to Portland cement. Wet curing leaves the freshly placed
grout/concrete in an environment of 100 percent humidity

working time The amount of time that a concrete or grout mix remains in
a liquid or plastic state so it can be placed and
consolidated.

yield strength The stress at which an elastic material begins to deform in
a plastic manner. Prior to yield, the material will deform
elastically and will return to its original shape when the
applied stress is removed. If loaded beyond yield and then
unloaded, the material will not return to its original shape.
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Chapter 1 Introducti
on WHY ABC?

The use of Accelerated Bridge Construction (ABC) using Prefabricated
Bridge Elements and Systems (PBES) has become more commonplace over
the last 20 years in the United States. The use of ABC for the most part has
been driven by acute traffic control issues at specific sites. Many of these
projects simply had to be built with ABC. In recent years, more states are
considering ABC on more typical projects. The desire to reduce impacts to
the traveling public is driving this effort.

During the last 20 years, there have been incremental advancements in the
use of ABC. Early projects focused on specific prefabricated elements such
as bridge decks or pier caps. For instance, bridge deck construction using
full depth precast concrete deck panels have been in use for over 20 years.
More recently, ABC projects that use Prefabricated Bridge Elements and
Systems (PBES) have spread to all bridge elements including substructures
and foundations. Some states have made or are moving toward making the
use of ABC and PBES standard practice.

Several FHWA documents on the subject of PBES have been written
and published including:

¢ Decision-Making Framework for Prefabricated Bridge Elements
and Systems (PBES), Publication Number FHWA-HIF-06-030,
May 2006 [1]

¢ Manual on the Use of Self-Propelled Modular Transporters to
Remove and Replace Bridges, Publication Number FHWA-HIF-
07-022, June 2007 [2]

e Connection Details for Prefabricated Bridge Elements and
Systems, Publication Number FHWA-IF-09-010, March 2009 [3]

All of these documents offer important information for the use of ABC
with PBES; however none of these documents cover all the major
aspects of an accelerated bridge construction project. Several sections
in this manual cover some of the same information that is included in
these other documents; therefore the subjects will be covered in less
detail in this manual. This manual should be considered an overview
manual on the subject of ABC with PBES.

The Transportation Research Board is in the process of a significant
research effort entitled the Strategic Highway Research Program
(SHRP2). This wide ranging program focuses on the idea of rapid
renewal for highway infrastructure. Three objectives have been
identified to achieve renewal:

1. Perform construction rapidly
2. Cause minimal disruption
3. Produce Long-Lived facilities
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Most of the SHRP2 research efforts are directly applicable to ABC and
this manual. The SHRP2 work is more specific and in more detail than
the information included in this manual. Users of this manual should
reference the SHRP2 work as they explore deeper into the field of ABC.
Figure 1-1 is a table that outlines the SHRP2 planned research topics.

SHRP2 Rapid Renewal Research Activities

Project | Description
Number

RO1 | Encouraging Innovation in Locating and Characterizing Underground Utilities

R0O2 | Geotechnical Solutions for Soil Improvement, Rapid Embankment Construction,
and Stabilization of the Pavement Working Platform

RO3 | Identifying and Reducing Worker, Inspector, and Manager Fatigue in Rapid
Renewal Environments

RO4 | Innovative Bridge Designs for Rapid Renewal

RO5 | Modular Pavement Technology

RO6 | A Plan for Developing High-Speed, Nondestructive Testing Procedures for Both
Design Evaluation and Construction Inspection

RO7 | Performance Specifications for Rapid Highway Renewal

R09 | Risk Manual for Rapid Renewal Contracts

R10 | Innovative Project Management Strategies for Large, Complex Projects

R11 | Strategic Approaches at the Corridor and Network Level to Minimize Disruption
from the Renewal Process

R15 | Strategies for Integrating Utility and Transportation Agency Priorities in Highway
Renewal Projects

R16 | Railroad-DOT Institutional Mitigation Strategies

R19-A | Bridges for Service Life beyond 100 Years: Innovative Systems, Subsystems, and
Components

R19-B | Bridges for Service Life beyond 100 Years: Service Limit State Design

R21 | Composite Pavement Systems

R23 | Using Existing Pavement in Place and Achieving Long Life

R26 | Preservation Approaches for High Traffic Volume Roadways

Figure 1-1 Planned SHRP2 Research Projects

The majority of the SHRP2 research will be completed in the near future,
which will be followed by an implementation program. Bridge designers
are encouraged to use this manual as a primer on ABC and then use the
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SHRP2 work as a technical resource on specific issues regarding ABC
and rapid renewal.
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1.1. Purpose and Use of this Manual
This document represents the “State of the Practice” at this time with
respect to most aspects of accelerated bridge construction. The
intent of this manual is to fill in the gaps left following the publication
of the previous manuals by presenting an overview of all aspects of
the field of accelerated bridge construction, from project planning
through detailing, to project delivery.

The FHWA has focused on 5 components of Accelerated Bridge
Construction. They include:

e Foundation and Wall Elements

¢ Rapid Embankment Construction

e Prefabricated Bridge Elements and Systems
e Structural Placement Methods

e Fast Tracked Contracting

This manual will cover all of these topics in some detail. The subject
of ABC is in a constant state of change. In the future, other new
technologies may emerge that will be included in field Accelerated
Bridge Construction. The FHWA will maintain a website for ABC that
will be kept current with the latest ABC technologies.

1.1.1. Intended Users
1.1.1.1. Decision Makers
Project decision makers can range from agency
management to project planners. The benefits of ABC go
far beyond the actual construction; therefore agency
managers need to be aware of the short-term and long-
term benefits of this method of construction.

This manual covers many aspects of the decision making
process. Chapter 4 explores the ways to implement ABC
technologies in a transportation agency. This covers the
strategies for implementation at all levels of the agency.
Success cannot be attributed to a single individual or unit
within the DOT. It needs to be an organized approach that
involved all members of the department, contractors,
fabricators, and the consulting engineering community.

Before any project can get off the ground, a project
normally goes through a planning process. Many agencies
have teams devoted to project planning and preliminary
design development. These teams do not normally get
involved with the minutia of bridge analysis and design, but
instead focus on the general approach to the project.
Chapter 3 explores the ABC decision processes that can
be used during project planning and scoping to ensure that
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ABC is used where it is appropriate and can have a
beneficial effect on the project.

The previously published FHWA Manual entitled Decision-
Making Framework for Prefabricated Bridge Elements and
Systems (PBES), Publication Number FHWA-HIF-06-030,
May 2006 [1] is an excellent source of information on the
process of planning a successful ABC project. Decision
makers can use the decision making framework document
combined with the information in this manual to make
informed decisions regarding the most appropriate uses of
the ABC. Several agencies have used the FHWA manual as
a basis for development of decision making processes that
are specific to their agencies. The Utah DOT has developed
a process with weighted factors in lieu of the yes/no
decisions in the FHWA manual. The Oregon DOT is
working with several other states on a more elaborate
project decision process that looks at many more factors and
compares different construction approaches. This study will
be completed in the next year and made available to all
transportation agencies.

1.1.1.2. Project Managers

Once a decision has been made to implement ABC on a
particular project, the project managers are called on to
organize and implement the project. In some cases,
project planners have already determined the approach for
the project (sometimes in conjunction with assistance from
FHWA). In other cases, project managers are given the
broad task of accelerating construction by any feasible
means.

In either case, this document can be useful to project
managers in implementing specific methods or in the
determination of the most appropriate forms of ABC.

Chapter 3 of this manual includes significant information
for project managers who are responsible for development
of ABC projects.

1.1.1.3. Bridge Designers
Bridge Design engineers are asked to take the concepts
that are developed in the project planning process and turn
them into plans and specifications that are suitable for
project bidding and construction. The previously published
FHWA Manual entitled Manual on the Use of Self-Propelled
Modular Transporters to Remove and Replace Bridges,
Publication Number FHWA-HIF-07-022, June 2007 [2] and
Connection Details for Prefabricated Bridge Elements and
Systems, Publication Number FHWA-IF-09-010, June 2007
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[3] are good sources of information and details that can be
used in this process.

Other sources of design information can be found at a
growing number of state agency websites. For instance, the
Utah Department of Transportation has published design
standards and manuals on the use of PBES for ABC
projects. Other states such as Oregon, Washington, Texas
and Massachusetts are also actively developing similar
documents.

This manual can be used in conjunction with these other
sources. When combined with sound engineering judgment,
a successful ABC project can be developed and completed.

1.2. Why use Accelerated Bridge Construction?

During the development of the modern highway network, most bridge
projects involved the construction of bridges for new highways. The
construction work zones were typically open areas or “greenfields” with
no traffic. Figure 1.2-1 shows a cast-in-place concrete bridge under
construction in the 1930's. The lack of traffic management allowed the
use of shored formwork. These projects also involved large scale
earthwork associated with the construction of the roadway. The
construction process for the bridges in this scenario was not limited by
adjacent traffic and was often not on the critical path for the overall
construction of the highway.

Figure 1.2-1 Cast-In-Place Concrete Bridge Construction Techniques

The majority of the nation’s highway network is now complete. A large
portion of this network has matured to the point where rehabilitation and
reconstruction are necessary. Individual bridge replacement projects that
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are not part of an overall highway reconstruction are becoming more
commonplace. This type of project brings the construction of the bridge
to the critical path of the construction process.

In most bridge replacement projects, vehicles traveling on the roadway
need to be accommodated during the construction, which greatly
complicates the design and construction process. This has been
referred to as being analogous to replacing an engine’s oil while it is still
running. Bridge designers and constructors have had to change the
paradigm of bridge construction in order to account for this. Control of
traffic (vehicular, bicycle and pedestrian) has become a significant
portion of the overall construction process. This normally results in one
of the following bridge construction scenarios:

¢ Relocation of traffic on a detour
This approach can have significant impact on the roads used for
the detours, especially if the duration of the detour is significant.
Traffic congestion is increased and safety is often compromised
as the volume of vehicles traveling the detour increases. This
approach also leads to increases in vehicle emissions, increases
in noise pollution and accelerated deterioration of the road used
for the detours.

e Construction of a temporary bridge and bypass roadway
Temporary bridges are an effective means of freeing up space at
the bridge site. This is often a preferred option to a detour;
however it comes at a cost, both financial and physical. The
construction of the temporary bridge and bypass approaches can
represent a large portion of the overall project cost. This
includes the cost for the installation and removal of the bypass.
Temporary bridges may also require the acquisition of right-of-
way and additional environmental permitting.

¢ Employ Stage Construction Techniques
This involves the construction of the bridge in portions or stages.
Depending on the configuration of the bridge and the traffic
volume, it may involve over-building the bridge in order to
accommodate enough traffic lanes during construction. There is
a cost implication to this approach; however the exact cost of
construction staging is difficult to ascertain. Most bridge projects
are bid on a unit cost basis or a lump sum basis. The cost of
stage construction is included in the unit costs and cannot be
easily separated from the actual cost of the materials. The
general consensus of bridge engineers is that this cost is
significant. This may partially explain the reason why bridge
construction costs are higher in the northeast and north central
United States where the stage construction approach is
common.

All of these scenarios have negative impacts on the overall construction
process either through costs, safety to workers and the traveling public,
impacts to the public, or impacts to the environment. Accelerated Bridge
Construction using Prefabricated Bridge Elements and Systems can be
used to address this paradigm shift in bridge construction.
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ABC is not the answer for all projects. The impact of ABC on individual
construction projects needs to be evaluated through the use of a
decision making framework. The FHWA document entitled “Decision-
Making Framework for Prefabricated Bridge Elements and Systems
(PBES)” [1] can be used to develop a consistent decision process. Other
frameworks are in development and described in more detail in later
sections.

The following section outlines the benefits that can be realized through
the use of ABC in today’s infrastructure.

1.2.1. Benefits of ABC projects using PBES
There are a number of benefits that can be realized through the
use of ABC with PBES. The following sections contain some of
the more common benefits that have been experienced in different
agencies.

1.2.1.1. Reduced Road User Impacts
Construction projects have a significant impact to highway
users. Delays caused by construction congestion and
detours result in loss of revenue to roadway users. Work
zones are also cited as a significant risk factor contributing
to roadway crashes. ABC can be used to reduce these
impacts by shortening the duration of a project.

The intent of transportation systems is to support mobility,
not to infringe upon it. Not recognizing the travel delay and
motorist and worker safety impacts caused by construction
activities, or by accepting the status quo is doing a
disservice to the traveling public. The FHWA Highways for
Life Pilot Program, authorized by SAFETEA-LU, has
challenged this notion. Through a combination of
methods, the program has strived to create a culture
change in the highway community to embrace innovation
in ways that will improve service to America's drivers. ABC
using PBES is a vanguard technology promoted by the
program.

ABC provides a balanced approach - cost versus impacts.
There are tools available for DOTs to help decide on the
balance that is right for each project. This manual provides
an overview of these tools and makes reference to
locations where agencies can look for in-depth information.

Road users are impacted by all forms of construction.
Impacts can be significant, even if lanes are not affected
by the actual work. For instance, on a busy highway that is
flowing near capacity, a disabled vehicle in the shoulder
can cause a significant back-up on the main line. Even in
low volume roads, roadside activities can distract drivers
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and lead to accidents. Construction projects have a
similar effect. Construction equipment working adjacent to
travel lanes can have a negative effect on road users.

The definitions for ABC listed in the beginning of this
manual identify the term “Mobility Impact Time”. This is
any period of time the traffic flow of the transportation
network is reduced due to onsite construction activities.
Mobility impact time can be broken down into 5 tiers of
potential impact:

Tier 1: Traffic Impacts within 1 to 24 hours

Tier 2: Traffic Impacts within 3 days

Tier 3: Traffic Impacts within 2 weeks

Tier 4: Traffic Impacts within 3 months

Tier 5: Traffic Impacts from 3 months to years

One of the goals of any ABC project is to move a project
constructed with conventional methods from one tier to at
least one higher tier. For instance, if a project build with
conventional methods is estimated to take 6 months to
build, the goal might be to reduce the mobility impact time
to within 3 months.

A reduction in mobility leads to increases in costs to
society. Construction affects road users by increasing the
time it takes to travel through a work zone. Road user
costs are real; however they are not funds that can be
applied to agency budgets. The funds used to finance
construction project come from roadway users through
taxes and/or tolls; therefore the impacts of roadway users
should be identified and accounted for in the project
planning process. Chapter 3 contains more information on
how different agencies account for road user costs.
Through documented case studies, the Highways for Life
Pilot Program has demonstrated in several states that the
cost of deploying ABC innovations is often outweighed by
the cost avoidance/savings to the road users.

1.2.1.2. Improved Worker and Motorist Safety
Construction of a bridge along an active highway is usually
a dangerous work zone. Workers are often performing
their duties directly adjacent to active traffic. Every year,
construction workers are killed in work zones, which makes
work zone safety a primary focus of transportation
agencies.

Motorist safety is affected by the change in the existing
transportation network and the distractions caused by the
on-site  construction activity. Work zone traffic
management layouts often maximize the lane volume of
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traffic through a work zone. This leads to a higher
potential for slow-downs and braking within the work zone.
The inevitable result is rear-end accidents brought on by
slowed or stopped vehicles and driver distraction.

There are several ways to improve worker safety and
motorist safety through the use of ABC. By reducing the
amount of time that a project is actually in construction, the
exposure of workers and motorists to potentially hazardous
situations is reduced. The most significant way to improve
worker safety is to remove traffic from the site via a short-
term detour combined with ABC. This greatly improves
worker safety since no active traffic will be on the bridge
site during construction. Use of PBES can be used to
minimize the amount of labor at the site. Construction of
large portions of the bridge in fabrication plants or staging
areas can be done in a safer environment without the
impacts of traffic.

1.2.1.3. Expedited Project Planning Process
The construction of a bridge project can result in significant
impacts to utilities, right of way, and the environment
(including air quality, water quality, noise, flora and fauna).

Today, some projects are built with limitations placed on
activities that occur over environmentally sensitive areas
due to potential effects on various species. For instance,
spawning of fish can lead to limitations on in-water work
periods such as pile driving. These types of limitations can
prolong the construction time for a project. It is not
uncommon to have a construction site close down for
months because of these necessary environmental
limitations. ABC can be used to minimize the time that a
contractor is working in and around an environmentally
sensitive area during allowable periods. This can reduce
the duration of a project by months or even years for some
projects if the work can be completed before the activity
limitation period. These potential limitation timeframes
should be evaluated during the project planning and
scheduling process. ABC should be considered as a way
to work within the limitation timeframe without have the
project drag on for months or years due to inactivity at the
construction site.

In some cases, new roadway alignments are used to
accommodate traffic during construction. ABC can allow
for construction on the same alignment with a full roadway
closure and a short duration detour. This will reduce the
overall impact to the environment. This also has a
beneficial effect on utility and right of way impacts. These
reductions can benefit the project planning process. By
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reducing impacts, the project can progress more quickly
through the design development and environmental impact
review processes.

1.2.1.4. Improved Quality
The quality of on-site work has always been held to a high
standard. Quality of construction is achieved by strict
specifications and quality control procedures. Even with
these controls, it can be challenging to construct a bridge
to a high degree of quality given the harsh environments
that work crews are exposed to.

The quality of site cast concrete can be affected by
temperature, humidity, rain and wind. These factors can
reduce the durability of the concrete and lead to excessive
cracking. Construction of steel structures can also present
challenges as well. Field welding of steel in low
temperatures can be very challenging and expensive.

Prefabrication can offer a number of advantages when
compared to on-site construction. Many prefabrication
plants include indoor fabrication areas where the work can
be removed from the elements. Outdoor fabrication areas
can also be tented during extreme weather conditions.
Prefabrication plants also have the luxury of construction
without traffic. The workers and their work activity are
taken off the critical path for on-site construction. Worker's
exposure to difficult and dangerous situations such as work
zone traffic management and night time construction are
also reduced.

A significant benefit to prefabrication of concrete elements
is the lack of restraint during the concrete curing process.
Restraint of concrete occurs when a concrete pour is made
adjacent to and connected to a previously poured element
or fabricated element. Examples of this include concrete
decks cast on top of girders and concrete walls cast on top
of footings. The freshly placed concrete will shrink during
curing; however the adjacent concrete or girder restrains
the concrete from shrinking. This leads to a build-up of
internal tensile stresses in the concrete that can lead to
cracking during the cure.

Prefabricated concrete elements have less potential for
restraint cracking since the element is typically not cast
against another element. The only restraint is the friction
between the form and concrete. Historically, precast
concrete elements have experienced significantly less
cracking than site cast concretes. It is well known that
cracking can lead to long-term deterioration; therefore,
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reductions in cracking will have a positive effect on the
long-term durability of the element.

Improvements to quality have an effect on the service life
of the structure. Higher quality reduces the need for
maintenance and extends the life span of the structure.
This will lead to a reduced life cycle cost for prefabricated
structures. This can be used to offset the potential
increase in initial cost for ABC that is discussed in Section
1.2.1.6.

An example of improved quality through the use of ABC
and PBES is a bridge built by the Connecticut DOT in 1990
using a full-depth precast concrete deck panel system.
The bridge is a six span curved structure that carries ramp
traffic from Interstate 84 to Connecticut Route 8. The ramp
was narrow; therefore stage construction was not viable.
The ramp was closed and a detour was established. ABC
was used to minimize the impact of the detour to the
traveling public. The result of this approach was that the
deck was replaced in 42 days using a system that included
longitudinal post tensioning to join the individual deck
panels. A waterproofing system combined with a
bituminous overlay was used to provide added protection
and a smooth riding surface. Figure 1.2.1.4-1 shows the
deck under construction in1990.

The resulting structure has a crack free deck. The bridge is
void of typical cracks that are found in virtually all cast-in-
place concrete decks that are primarily caused by the
restraint of the girders below. The deck has been in
service for 20 years and it is still in excellent condition with
no noticeable cracking. Based on its current condition, it is
anticipated that the deck will have a service life that
exceeds that of cast-in-place concrete decks. Section
2.6.1.1 has more information on precast deck panels
including present day photos of this Connecticut bridge
after 20 years in service.
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Figure 1.2.1.4-1 Precast Deck Construction in 1990

1.2.1.5. Improved Constructability
Prefabricated elements can improve the constructability of
a bridge, especially on sites that have significant
constraints.  The use of prefabricated bridge deck
elements can be used to minimize or eliminate the need for
workers to install and remove formwork. This can be
especially beneficial for bridges over railroads, rivers, and
high volume highways.

The use of prefabricated substructure elements can be
advantageous for substructure that are located adjacent to
traffic or rails, where there are strict time and space
limitations around the elements. The use of prefabricated
elements can allow the contractor to get in quickly and
complete the construction within a limited timeframe.

1.2.1.6. Reduced Cost to Society
All infrastructure projects come at a cost to society;
however the benefit of the completed project outweighs the
cost for construction. The monetary costs of construction
can be measured in two ways. The first is the actual
construction cost of the project in tax dollars. The second
is the monetary cost to society cause by delays during
construction. The intent of ABC and PBES is to reduce
construction time, thereby reducing the cost to society
caused by delays. The ultimate goal of prefabrication is to
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also reduce the construction cost through repetitive use
and a shift of construction work from dangerous and
congested work zones to safe and open prefabrication
areas.

Agencies that have completed initial ABC/PBES projects
have seen increases in construction costs in the range of
10% to 30% depending on the size and nature of the
project. There is no general factor that can be applied to
the costs for ABC/PBES. Some of the factors can have an
impact on the overall construction costs for ABC include:

e Size of project
Construction time limits including procurement time
Need for specialized equipment
Repetition of elements
Repetition of similar projects

All of these factors can affect the construction cost for an
ABC/PBES project. The following generalizations can be
made for typical projects:

e For projects that are large and have significant
repetition, the costs for ABC/PBES can actually be
less than conventional construction.

e Moderate sized projects with some repetition can be
expected to cost between 10% and 20% more than
conventional construction.

e Smaller projects can be expected to cost between
20% to 30% more than conventional construction.

e Complex projects with very specialized requirements
can have costs that exceed these values.

FHWA is developing a “rule of thumb” guideline for
calculating ABC costs for various projects entitled “Work
Zone Road User Costs”. This will be available in the near
future on the FHWA ABC website.

While the unit price of prefabricated bridge elements can
be higher than conventional construction, there are other
ways that prefabrication can be used to reduce overall
project costs. Any reduction in construction time can
results in lower agency costs and lower maintenance of
traffic costs. Chapter 3 has more information on how to
reduce costs with ABC and PBES.

As with implementation of any new technology, initial costs
can be significant. This is due to many factors, some of
which include:

e Purchase of equipment or formwork

e Cost of training for staff

e Unfamiliarity of the process
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e Risk

Many of these factors can be reduced simply by building a
series of projects versus construction of just one
prefabricated bridge. Equipment and formwork can be re-
used or amortized over multiple projects. Staff will become
more experienced with the process, which will lead to
reduced risk.

Long-term use of any new technology has historically led
to lower construction costs. The best example in the
bridge construction market is the introduction and
development of prestressed concrete. Early uses of
prestressed concrete were undoubtedly more expensive
than site cast concrete. Over time, with increased use, the
cost of prestressed concrete has decreased to the point
that it is significantly lower than site cast concrete in most
situations.

Minor increases in construction costs associated with ABC
can be justified in several ways. The increase in quality
discussed in Section 1.2.1.4 can lead to lower life cycle
costs. The reduction in road user costs can also be
accounted for in the project development process. Road
user costs are not dollars that can be spent on the project;
however they are real dollars to the traveling public, who
are the financial supporters of the project through their
taxes.

1.2.2. Positive Public Perception of ABC

The impacts of a construction project on the traveling public are
significant. ABC can reduce these impacts, which results in a
tremendous positive perception of the construction process and
the agency. Public perception and user impacts are very
important, since the public are the customers of the agency that is
building the project, and they are the ones paying for product. In
many locations, the public is resigned to the fact that bridge
construction projects take a long time. The delays caused by the
construction are a necessary burden that comes with the process.
Agencies can receive intense criticism for projects that seem to go
on forever. This does not need to be the case. ABC can be used
to present a more positive view of bridge construction.

1.2.2.1. Public Response to ABC Projects
The Utah Department of Transportation undertook an ABC
initiative that was the most ambitious program in the United
States. Starting with the build-up for the 2002 Olympics,
they worked toward considering ABC for all bridge
projects. They have developed standards, manuals and
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specifications for all forms of ABC. To date, they have built
hundreds of bridges using ABC techniques.

Part of this process includes the measurement of success.
The department routinely measures public perception of
construction projects through the use of post-construction
guestionnaires. Following a typical construction project,
stakeholders are asked to rate their overall satisfaction
with the project results. Responses to most projects break
down into three roughly equal categories.

¢ One third of the respondents are satisfied

¢ One third are not satisfied

¢ One third are indifferent

One can surmise that the satisfied respondents are simply
happy to see an improvement in the facility regardless of
the time for construction. The other respondents are
clearly not satisfied with the project as a whole.

A Likert 7-point polling process was done for a project that
used ABC techniques. The results of this polling are
depicted in Figure 1.2.2.1-1. The results of this poll are
quite different from the typical construction project in Utah.
Over 94 percent of the respondents rated the project with a
score or 6 or 7 (out of 7), and over 97 percent of the
respondents rated the project as a success. In addition,
no respondents rated the project less than 3.

The overwhelmingly positive perception of ABC projects
was not lost on the decision makers of the State. This data
was used by the department of transportation to
demonstrate the benefits of ABC to the State legislature.
Even in a time of fiscal restraint, the legislature of Utah
continued to fund the transportation program at a higher
level than in previous years.

Other states have completed user satisfaction polling and
found similar responses. The general response is
satisfaction with the reduction in onsite construction time
and mobility impact times.
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Stakeholder Overall Satisfaction with ABC

Satisfaction Score (1 = not satisfied, 7 = very satisfied)
Nl N2 B3 N4 E5 HG m7

Scoreof3=14%

Scoreof 2 = 0.0%
Scareof 1= 0.0% %

Scoreof4=14%

Scoreof 5=2.8%

Mote: Total of Scores 5 through7 =57.2%

Figure 1.2.2.1-1 Sample Public Satisfaction Poll in Utah

One of the performance goals a construction project should strive
to satisfy in order to be granted incentive funding from the
Highways for Life program is achieving a score of 4+ on a 7-point
Likert scale for user satisfaction. Several highway agencies that
have been recipients of grant funding under this program have
achieved these scores and intend to sustain the user satisfaction
levels on future projects. Examples of notable ABC demonstration
projects funded by the program that have documented user
satisfaction surveys include those from Georgia, Oregon, and
Utah. Project summaries from these projects can be found from
the program’s website:
http://www.fhwa.dot.gov/hfl/summary/projects_summary.cfm.
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Federal Highway Administration

Chapter 2 Accelerated Bridge Construction Technologies

This chapter will focus on the various technologies that are employed for ABC projects,
the processes and provisions, and how they are applicable to various types of bridge
construction projects.

There is no one ABC technique in use in the United States. Instead, there is a family of
ABC construction and contracting technologies that are in use that cover the majority of
ABC projects. Figure 2-1 shows the most common forms of ABC technologies in use
today as compiled by the Federal Highway Administration as part of the “Every Day
Counts” initiative. This effort is being used to encourage innovation in construction in
order to reduce impacts to the traveling public. The foundation and wall element
technologies and rapid embankment construction technology are in the early stages of
deployment, while others are mature and in use on a regular basis. It is notable that
some of the construction practices support bridge construction, but are not strictly bridge
elements. The innovative contracting techniques work synergistically with ABC, as well
as other types of construction.

Foundation
and Wall
Elements

Structure Rapid
Placement Embankment

Methods A B C Construction

Technologies

Fast Track
Contracting

Figure 2-1 Accelerated Bridge Construction Technologies
source: FHWA Every Day Counts Initiative)
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2.1. Foundation and Wall Elements
2.1.1. Continuous Flight Auger Piles

(CFA)

This is method of constructing a
deep foundation element using a e
simplified  continuous  process. ABC Conitruction
CFA piles are sometimes referred
to as Augered Cast-In-Place Technologies
(ACIP) piles, drilled displacement
piles, and screw piles.

Foundation
and Wall
Elements

Normally, drill shafts require
several distinct processes. First,
the shaft is drilled using an auger or rock coring device. The
materials within the pile bore hole are removed. Following this,
reinforcement is placed in the hole and the voids are filled with
concrete.

Continuous flight auger piles methods combine several of these
processes into essentially one process. Figure 2.1.1-1 depicts a
graphical representation of a CFA pile installation. In process “a”,
a soil auger is drilled into the ground in a continuous stroke. Once
the proper depth is achieved, the auger is withdrawn from the soill
in the hole, while continuously injecting concrete through the
hollow stem of the auger. This process is labeled “b” in the figure.
Once the auger has been withdrawn from the hole, a reinforcing
cage is inserted into the wet concrete to complete the installation.
This process is labeled “c” in the figure.

Figure 2.1.1-1 Continuous Flight Auger Pile Installation
(source: Bauer Maschinen)
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By combining these processes, the time for foundation installation
can be reduced. More information on this subject can be obtained
in the FHWA Geotechnical Engineering Circular (GEC) No. 8
entitled “Design and Construction of Continuous Flight Auger
Piles” [5].

2.1.2. Geosynthetic Reinforced Soil Integrated Bridge System

(GRS/IBS)

This method of foundation installation involves combining the
foundation, abutment and approach embankment into one
composite material. The structure below the superstructure is
comprised of multiple thin layers of soil and geosynthetic
reinforcement. The internal soil is retained at the face of the
abutment with a high quality concrete block facing. The facing is
not a structural element of the system. It simply retains and
prevents erosion of the soil near the face of the wall. The
composite mass extends beyond the ends of the bridge
superstructure and into the embankment. This integration of the
abutment with the superstructure and approach allows the system
to move and settle as one unit, thereby eliminating the problem
with differential settlement between the abutment seat and the
approach backfill. This differential settlement often leads to a
bump at the end of the bridge. The integrated bridge system does
not require approach slabs to span across the potential bump.

The superstructure typically sits on top of the GRS fill without
bearings. The superstructure loads, rotations, and movements
are carried directly by the GRS system. The system can be used
with precast butted box beams, precast slabs, or with conventional
stringer deck systems. With stringer bridges, a small footing
combined with an integral pour is used to seat the superstructure
on the GRS embankment. Figure 2.1.2-1 depicts a typical section
of a GRS/IBS bridge abutment.
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Jointless Integrated Approach
(Continuous Pavement)

Beam Seat (Geotextile Wrapped Layers at Beams to
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Scour Protection (Rip Rap) - GRS Abutmlent .
(If Crossing a Water Way) (Reinforcement Spacing<12in.)

Reinforced Soil Foundation

T (Encapsulated with Geotextile)

Figure 2.1.2-1 Typical Section of a GRS/IBS Bridge Abutment

The benefits of this system include:

Low initial cost

Low life cycle cost

Fast construction (under 30 days for most bridges)
Minimal installation labor and equipment
Eliminates the need for approach slabs

The limitations of this system include:
e Span lengths are currently limited to spans less than 140
feet (until more data on longer span bridges is compiled).
e The system is not appropriate for locations where scour
would prevent the use of shallow foundations.
e It is currently only recommended for single span bridges,
however multi-span bridges are being considered.

Even with these limitations, the GRS/IBS system could potentially
be used for a large number of the single span bridge inventory,
including the large number of rural county bridges in the United
States. More information on this subject can be obtained at the
FHWA website: www.fhwa.dot.gov/everydaycounts. A GRS/IBS
implementation guide is also available at the FHWA website:
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2.1.3.

2.2. Rapid Embankment Construction
2.2.1.

Federal Highway Administration

www.fhwa.dot.gov/publications/research/infrastructure/structures/11026/i
ndex.cfm.

Prefabricated Pier Cofferdams

Construction of deep foundations in deep water is a daunting
challenge. Several methods have been developed for cofferdams
including driven steel sheeting and framing systems combined
with underwater tremie concrete. The advent of large diameter
piles and drilled shafts has reduced the need for deep concrete
pours that were traditionally placed below the mud line. Today, it
is becoming more common to perch the bottom of the pile cap
footing just below the water surface.

Prefabrication can be used to facilitate the casting of the pile cap
footing. Pier box forms have been developed that can be floated
into position and hung from the piles or drilled shafts. In some
cases, the forms can be ballasted into position using buoyancy to
support the wet concrete. The pier boxes can be fabricated with
steel and removed after casting, or be fabricated with precast
concrete and left in place.

Expanded Polystyrene (EPS)
Geofoam

EPS Geofoam is an embankment
fill system that is comprised of

large  blocks of expanded : ettt
polystyrene. Unlike the GRS/IBS
system, it is not intended to be a Technologies
structural support system for the
bridge abutment. The EPS
blocks can be placed behind a
conventional abutment or around
the piles of an integral abutment.

Figure 2.2.1-1 is a photograph of a typical EPS Geofoam
embankment prior to placement of the roadway structure and side
slopes.

The benefits of this system include:
e Fast construction
o Extremely lightweight (1-2 pounds per cubic foot)
e Eliminates or reduces pre-load settlement times

The design considerations for this system include:
e A layer of subbase is required below the pavement to
distribute wheel loads.
Protection of the foam blocks from gasoline spills.
e The system should not be used where the water table will
be above the bottom of the EPC blocks, which would
cause uplift forces.
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Figure 2.2.1-1 EPS Geofoam Embankment
(source ACH Foam Technologies)

The lightweight nature of this material makes it ideal for areas
where long-term settlement potential is high. The embankment
weight can be reduced by a factor of up to 100, which will greatly
reduce the amount of long-term settlement and the need for
embankment pre-load time. More information on this subject can
be obtained at the FHWA website:
www.fhwa.dot.gov/engineering/geotech/improvement.

2.2.2. Accelerated Embankment Preload Techniques
Establishment of embankments over soils that are subject to long-
term settlement such as clays can lead to a long-term construction
process. Often, preloads are applied to the embankments to
accelerate the settlement of the sub-soils prior to roadway
construction. Preload areas are often required to be left in place
for many months and in some cases more than a year.

Technologies are available to accelerate the settlement of the
sub-soils. The goal of a preload system is to remove water from
underlying clays in order to consolidate the layers. Stone columns
and wick drains have been used to accelerate the removal of the
water. This approach can reduce pre-load times by a factor of
four or more.

2.2.3. Column Supported Embankment Techniques
Another method of constructing embankments over compressible
soils is to build a soil structure over the existing compressible sub-
soils. This can involve the installation of closely spaced piles or
stone columns that are installed through the compressible soils.
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Once in place, multiple layers of geosynthetic reinforced soils can
be placed over the columns to produce a structural soil layer that
can be used to support the new embankment. This method
eliminates the need for time consuming pre-load of compressible
soils.

2.3. Prefabricated Bridge Elements and Systems
2.3.1. Prefabricated Elements

The most common form of
ABC is the use of
prefabricated bridge elements.
These elements can be
fabricated in a controlled T
envwonment_ off site and ABC CRErEisy
assembled in place at the .
bridge site. This construction Technologies
method can best be described
as building blocks. The
prefabricated elements are
connected at the site to form a
complete bridge.

Prefabrication of beams is not a new concept. Virtually all bridges
are currently built with prefabricated beams and girders. Other
industries have used prefabrication to speed project delivery and
lessen cost. Industries such as parking structure have taken
prefabrication to the highest levels. The newer concepts that are
now finding more widespread use are prefabrication of the other
elements on a typical bridge, such as bridge decks and
prefabricated substructure elements (including pier columns,
footings, and abutment/retaining wall stems and footings).
Installation of prefabricated elements is normally completed using
standard cranes.

Prefabricated construction requires joints between elements.
There has been concern expressed by some agencies regarding
the durability and structural integrity of the joints. Connection
joints between elements are not only found in prefabricated
construction. Conventional cast-in-place concrete construction
includes many connections and joints. Cast-in-place construction
is not normally monolithic. For example, there are construction
joints between footings and columns and construction joints
between columns and pier caps in open frame pier bents. There
are even construction joints in bridge decks on multi-span bridges.
These construction joints are required in order to facilitate the
forming and placement of concrete and to reduce cracking
brought on by shrinkage of concrete and deflection of structures.

The approach to connecting prefabricated elements is to replace

construction joints with precast connections. The term “emulation
design” was applied to this approach by the American Concrete
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Institute (ACI). ACI in conjunction with the American Society of
Civil Engineers (ASCE) have published a report entitled
“Emulating Cast-in-place Detailing in Precast Concrete Structures”
[6]. This report recommends various connections for
prefabricated elements. The connections include small closure
pours, grouted tubes with reinforcing dowels, welded ties and
mechanical couplers. Many of these connections have been
tested for structural capacity, seismic capacity, and long-term
durability in other markets. The transportation market has been
slow to adopt these solutions.

The FHWA manual entitled “Connection Details for prefabricated
bridge Elements and Systems” [3] contains significant information
for various prefabricated element connections. The durability of
these connections has also been proven. The FHWA manual
provides many examples of durable connections. For example;
precast bridge decks panels that have been in service in a
northern environment for over 20 years and precast bridge piers
that have been in service in a highly corrosive environment for
over 15 years. There are also on-going research projects in
several research institutions that are looking into the durability of
prefabricated connections. Preliminary results indicate that these
connections can be both structurally sound and highly durable.
Chapter 8 includes more information on the durability of
prefabricated elements and connections.

Examples of prefabricated substructure elements are shown in
Figure 2.3.1-1 (precast concrete cantilever abutment) and Figure
2.3.1-2 (precast concrete open frame pier bent). These graphical
representations are based on details developed by the PCI
Northeast Bridge Technical Committee. Similar details have also
been used in Florida, Georgia, Utah, and New Hampshire. In
these structures, all elements are made with precast concrete.
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Figure 2.3.1-1 Prefabricated Cantilever Abutment

Figure 2.3.1-2 Prefabricated Open Frame Pier Bent

Modular bridge elements are prefabricated elements that
represent a more significant portion of the finished structure. They
are typically larger elements that are made up of several smaller
components that are joined during prefabrication. An example of
a modular element is two beams with a composite concrete deck
cast in the fabrication shop or staging area. Installation of
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modular elements is similar to prefabricated elements. The crane
sizes can get quite large because the modular elements are
typically heavier than smaller elements.

There have been several successful projects built using modular
bridge technology. The most notable was the James River Bridge
in Richmond Virginia. The superstructure of this viaduct bridge
was replaced using only nighttime closures. The superstructure
was prefabricated using multi-beam modules that were
constructed with steel stringers and pre-topped concrete deck.
The old bridge was removed in pieces using cranes, and new
modular units were installed using the same equipment. Figure
2.3.1-3 shows a new module being installed on the project.

Figure 2.3.1-3 Modular Steel Superstructure Element Installation
James River Bridge, Richmond, VA

Figure 2.3.1-4 shows a concept that was developed by the
Massachusetts DOT for the replacement of bridge superstructures
on Interstate 93 in Medford, Massachusetts. This project involved
the replacement of 41 bridge spans in 10 weekends. The concept
involved the complete closure of one side of the highway on
weekends to create a 55 hour work window for the contractor to
install the modules. Traffic was maintained on the opposite side
of the interstate via two cross-overs that were constructed at each
end of the project.
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Figure 2.3.1-4 1-93 Superstructure Replacement Concept

Figure 2.3.1-5 shows the actual construction in progress. Up to 6
spans per weekend were replaced using this concept.
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Figure 2.3.1-5 1-93 Superstructure Replacement Construction

These are just some examples of how prefabricated elements can
be used to construct bridges using details that are similar to cast-
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in-place concrete. This has been referred to as “reverse
engineering the bridge”, or “emulation design”. The goal is to
build bridges that are similar to proven design using precast
concrete in place of cast-in-place concrete.

2.3.2. Prefabricated Systems
It is possible to fabricate larger portions of the bridge and move
them into place at a later date. Examples of prefabricated
systems include complete superstructures, superstructures with
integral piers, or even complete bridges. Most work completed to
date in the United States has been with prefabricated
superstructures although engineers are starting to investigate
work completed in Europe that also included integral prefabricated
substructures. A key component to large-scale prefabrication is
the methods used to move and install the elements. Typical crane
installations are not normally used due to the weight of the
systems. The following section describes methods used to install
prefabricated systems.

2.4. Structural Placement Methods
2.4.1. Self Propelled Modular
Transporters (SPMTS)
There are families of high
capacity, highly maneuverable
transport trailers called Self

Propelled Modular Flanemont Encbinant
Transporters (SPMTSs) that are Heinosg ABC &
being used in the bridge _

i Technol

industry. The term “self echnologies

propelled” in the title describes
the fact that these trailers do
not need a tractor to push or
pull them.  The propulsion
comes from an on-board
hydraulic power pack that is connected to hydraulic drive motors
on several of the axles. The term “modular” in the title describes
the ability to connect the trailers longitudinally and transversely to
form a larger transporter. The descriptions of various
configurations are normally noted as “lines” of wheel sets. Figure
2.4.1-1 depicts a sketch of several different configurations and the
corresponding descriptions. Other larger configurations are also
possible.

There are several manufacturers of SPMTs. All are similar but
have somewhat differing capabilities. Some have 8 tires per line,
and others have 4 tires per line. Some transporters have wheel
sets that can rotate 360 degrees, and others have limited rotation
capacity. The SPMT's are highly maneuverable and can be
moved and rotated in all three dimensional axes (vertical,
transverse, and longitudinal). When the individual transporters
are interconnected, they can be programmed to function as one
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unit. Rotation about the vertical axis can be programmed to pivot
about any point in space.

The typical load capacity for SPMTs is approximately 50,000
pounds per axle line. Some SPMTs can carry over 75,000 per
axle line. When interconnected, the units can move several
million pounds or more. They can also be laid out and configured
to accommodate varying soil conditions if these axle loads are
problematic.

Figure 2.4.1-1 Sample Self Propelled Modular Transporter Configurations

SPMTs have been used for many prefabricated bridge
installations. The Utah DOT installed over 20 bridges in a three
year period. Installation times range from 2 hours to 8 hours
depending on the complexity of the travel path and the geometry
of the bridge. Figure 2.4.1-2 shows an SPMT bridge move in
Utah. This bridge weighed several million pounds and was moved
approximately 1 mile from a staging area to the bridge site. Figure
2.4.1-3 shows a large SPMT bridge move in Providence Rhode
Island. This bridge was transported from a shipping pier onto two
large barges. Once on board, the bridge was moved to the
construction site that was 12 miles away. The entire installation
only took several days. The Providence Bridge weighed
approximately 6 million pounds.
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Figure 2.4.1-3 SPMT Bridge Move in Rhode Island

The document entitled “Manual on Use of Self-Propelled Modular
Transporters to Move Bridges” [1] is recommended for more
information on these machines.

Since the publication of the FHWA SPMT Manual, the use of
SPMTs has increased. To date, approximately 30 bridges in 13
states have been moved using SPMTs. The Utah DOT is
considered a leader in the use of this equipment. They have
published a manual entitled “SPMT Process Manual and Design
Guide” [7]. This manual covers project scoping, the design of
bridges using SPMTs, and contracting with SPMTs. Sample
specifications are also included in this manual (included in
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Appendix C of this manual). More information on the use of
SPMTs can be found at the FHWA website:
http://www.fhwa.dot.gov/bridge/abc/introspmtmoves.cfm.

Many agencies have expressed concern over the specialized
nature of this work, and the ability of local contractors to use
SPMTs. The increased use of SPMTs has spawned a number of
specialized heavy lift companies that own and operate this
equipment. On a recent project in Massachusetts, multiple firms
were involved in the proposal phase of the project.

To date, at least six SPMT Heavy Lift firms are operating in the
United States. The Federal highway administration maintains a
listing of the ever growing number of SPMT suppliers. These
firms cover the entire country; therefore this equipment is
available to all state agencies. This increase in activity has also
resulted in a reduction in the cost of the equipment. There is
competition in the market, and costs have been significantly
reduced.

Determination of the cost of an SPMT bridge move is not a simple
matter. There are various factors that can affect the overall cost
of the move. The following are several major factors:
o Size of the bridge being moved
The number of SPMT Lines required for the move
Size of framing required to support the bridge over
the SPMTs
Length and geometry of the travel path
Required turning movements
Transverse and longitudinal slopes requiring
special leveling systems or temporary fill
Engineering Costs
Requirements for lift calculations
Design of framing between the SPMT and the
bridge
Quiality of the supporting soil on the travel path
Need for structural fill and/or steel plating
Monitoring
Requirements for monitoring during the move
Length of time that the equipment needs to be on site
Multiple stages
Idle time of equipment
Number of projects in the area
The opportunities to use equipment on more than
one project during a given timeframe

Agencies are encouraged to review the documents previously
noted and to contact SPMT heavy lift contractors to explore the
actual costs for a specific project. The agency should be armed
with answers to at least some of the factors noted above.
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The time required to complete an SPMT bridge move varies
depending on the complexities of the project. Superstructures
have been installed in several hours (minus the connection to the
approach roadways). Utah DOT has completed two
superstructure replacements, including approach roadway
connections in less than 24 hours.

2.4.2. Longitudinal Launching

Launching of superstructures has been used for many years for
bridges over terrain that is inaccessible for cranes. Longitudinal
launching involves erection of the bridge superstructure in a
launching pit located behind one or both of the abutments. A
lightweight launching nose is often used to minimize the deflection
of the cantilevered end of the superstructure during the launching
and to account for the defection of the end of the bridge as it
reaches each support. In some cases, intermediate towers are
used to minimize deflections on longer spans.

Once the superstructure erection is complete in the launching pit,
it is jacked horizontally out over the spans using a sliding or rolling
system.

Launching has been used for both steel and concrete structures.
It has also been used on curved structures. Launching can be
relatively faster than other methods of construction at difficult
sites; therefore it warrants consideration.

One example of an appropriate use of launching is a bridge over a
deep gorge. The cost and size of cranes in a deep valley can be
large. It may not even be possible to set elements in certain
situations. One method that has been used is segmental
construction using balanced cantilever construction, launching
should be considered as another option.

Another example is the construction of a bridge over a busy
navigation channel. Launching methods can eliminate the need
for delivery of elements by barge that may tie up the navigation
channel for periods of time. The access limitations in the channel
may significantly increase the time required to construct the span.
Launching can be used to eliminate the need for work within the
channel and thereby expedite the construction process. More
information on longitudinal launching can be found in an NCHRP
report entitled “Bridge Construction Practices using Incremental
Launching” [61].

Figure 2.4.2-1 shows a longitudinal launch of a bridge in Utah.
The superstructure was delivered to the site using SPMTs
traveling on the widened interstate roadway. Once at the bridge
site, the superstructure was transferred onto a launching frame.
This installation was completed in approximately 3 days.
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(source: Utah DOT)

The time required to complete a longitudinal launch varies
depending on the size of the bridge and the available room for a
launching pit. The procedure can typically take between several
days and several months.

2.4.3. Horizontal Skidding or Sliding

Another method of moving and installing large bridge systems is
called lateral sliding/skidding. This method requires that the new
bridge be built in parallel to the proposed finished location. The
structure is normally built on a temporary support frame that is
equipped with rails. The bridge can be moved transversely using
cables or hydraulic systems. Minor vertical adjustment can also
be incorporated into these systems. Figure 2.4.3-1 shows a
lateral slide of a single span bridge in Utah.
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There are several approaches that can be used for this method.
The first and most common, is to build the new bridge along the
side the existing bridge. Once the new bridge is complete, the old
bridge is demolished, the new substructures are installed (if
required), and the new bridge is slid into place. Another method is
to build the new substructures under the old bridge prior to the
move. Once complete, the old bridge is slid out of the way, and
the new bridge is installed immediately. Figure 2.4.3-2 shows a
lateral slide of a multi-span bridge in Oregon that demonstrates
this process. The new bridge is located on right, and the old
bridge, which has already been moved out of place is on the left.
This project was a FHWA Highways for LIFE demonstration
project. More information on this project can be obtained at the
FHWA Highways for Life website:
www.fhwa.dot.gov/hfl/summary/projects_summary.cfm.
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Figure 2.4.3-2 Lateral Bridge Slide in Oregon

Innovative foundations can be incorporated into this process.
Foundations that include drilled shafts placed outboard of the
existing bridge have been combined with transverse cap beams to
allow for construction of the new substructure under the existing
bridge. On several bridges in Utah, the cap beam was integrated
into the new bridge superstructure. This approach eliminates the
need to build the substructures after the removal of the existing
bridge. The use of prefabricated substructure elements can also
be used to reduce the amount of time between the demolition of
the existing bridge and the lateral slide-in.

One of the most dramatic examples of a lateral slide-in is a project
that was completed in California on the Oakland Bay Bridge. The
slide-in was required to connect the new approach structure
temporarily to the existing main span, thereby making room for the
construction of a portion of the new bridge in the area. Once that
span is complete, another lateral slide-in will be used to make the
final connection to the new main span. Figure 2.4.3-2 shows the
lateral slide in progress. In the photo, the old bridge has already
been moved (to the left), and sliding of the new bridge is about to
commence (to the right). The bridge is a multi-level through truss.
The lateral slide of this bridge occurred during a three day
weekend closure.
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Figure 2.4.3-3 Lateral Bridge Slide of the Oakland Bay Bridge Approach
(source: Mammaoet)

Another approach that has been used involves the use of the
existing bridge as a temporary bridge on a temporary alignment.
The existing bridge is slide laterally onto temporary supports that
are adjacent to the bridge. In this scenario, the old bridge is used
as a temporary bridge, while the new structure is built along the
final alignment. This saves the cost of designing, erection and
removal of a temporary bridge superstructure.

The time required to complete a lateral slide-in varies depending
on the size and complexity of the bridge. Typical replacement of
single and multiple spans have been completed during weekend
closures.

2.4.4. Other Heavy Lifting Equipment and Methods

Large-scale elements can also be installed using vertical lifting
machinery. The most common types of equipment are strand
jacks and climbing jacks. The difference between these two
systems is that strand jacks pull the elements up vertically using
cables and the climbing jacks push the elements using hydraulics.
These systems can lift a large structure incrementally. Strand
Jacks can be used to lift large structures over waterway crossings
where the structure can be shipped to the site via barge.

Figure 2.4.4-1 depicts a strand jack lift of the Providence River

Bridge in Rhode Island. The original design called for erection of
the arch on false work over a navigation channel. The contractor
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chose an alternate method of construction where the bridge would
be assembled 12 miles from the construction site on a shipping
pier. This allowed the construction of the superstructure to occur
in parallel with the construction of the foundations and
substructures. The network arch bridge was erected at ground
level, where the majority of the field bolting took place. The
bolting at ground level saved months of erection time when
compared to higher level piece work on staging. Strand Jacks
were used to lift the completed structure to its final elevation. The
structure was then transferred to SPMTs, and then transferred to
two large barges for final transport to the bridge site. This method
of construction saved approximately 1 year in construction.
Significant disruption of the river channel was limited to one day.

(source: Mammoet)

Another less common method of prefabricating and installing a
bridge is pivoting. This method involved rotating the prefabricated
bridge into its final position in either the vertical or transverse
bridge axis. Vertical axis pivoting can be used for waterway and
railroad crossings. The structure can be built alongside the
feature that is to be crossed and rotated into its final position.
Figure 2.4.4-2 shows transverse pivoting of a new pedestrian
bridge in Meylan, France. Transverse axis pivoting has been
used to erect arch bridges by installing the elements in the vertical
position at the supports and rotating them into position with cables
(similar to a bascule bridge closing).
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Figure 2.4.4-2 Vertical Axis Pivot Technique
Meylan Pedestrian Bridge, France

Other innovative erection methods have been developed to install
prefabricated elements on various bridges. Gantry cranes are
finding more use on ABC projects. There are several
configurations that have been used. The first is a transverse
gantry crane. Figure 2.4.4-3 is a sketch of a gantry crane
supported on a temporary trestle. Once installed, the crane can
access all portions of the bridge site. During peak traffic hours,
the crane can be left in place, allowing traffic to pass beneath.
This type of system has been used on long span suspension
bridge, where the gantry support rails were placed on the fascia
stiffening truss.
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Figure 2.4.4-3 Transverse Gantry Crane Installation Technique

Another type of gantry systems is a longitudinal gantry frame. The
Washington State DOT completed the re-decking of the Lewis and
Clark Bridge using this technology. The project involved the
replacement of the deck on a long-span through truss. An
innovative gantry crane system combined with SPMTs was used
to remove existing modules and install the new modules in one
procedure. The gantry frame was designed to fit within the truss
framing, and it was designed to carry both the old deck/stringers
and the new module. Figure 2.4.4-4 shows the gantry system that
was used on the Lewis and Clark Bridge. This system allowed the
removal and replacement of deck/stringer modules in an overnight
operation.

Figure 2.4.4-4 Delivery of Modular Unit using a Gantry Frame
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Figure 2.4.4-5 is a graphical representation of how the gantry
frame system could be used on bridge. The longitudinal gantry
frame method of installation is limited to relatively short span
bridges because the size of the frame needs to be more than
twice the length of the modules being installed.

Large overhead longitudinal gantry cranes are used on segmental
bridge construction to build over areas that are inaccessible to
conventional  construction  equipment. This  includes
environmentally sensitive wetland, busy highways and river
channels. These systems can be used to install piling, drilled
shafts, segmental superstructures, and total bridge systems.
Longitudinal gantry cranes can save significant time on difficult
construction sites.
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Delivery of New module and Removal of Portion of Bridge using the Gantry
Frame

Installation of new Module using the Gantry Frame

Figure 2.4.4-5 Longitudinal Gantry Frame Installation Technique
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2.4.5. Conventional Cranes

Many prefabricated elements can be installed using conventional
cranes. Cranes are an integral part of most bridge construction
projects. The erection of beams and girders are the primary use
for cranes. It is possible in many cases to design prefabricated
elements to be approximately the same weight as the girders. In
this scenario, the same cranes can potentially be used for the
erection of the prefabricated elements and the girders. Figure
2.4.5-1 shows the installation of a prefabricated deck panel with a
crane.
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Figure 2.4.5-1 Precast Deck Panel Installation using Cranes
(source: Utah DOT)

Modular systems can also be installed using cranes. The larger
weight of the elements may require the use of multiple cranes at a
bridge site (similar to erection of large girders). Figure 2.4.5-2
shows a scenario for the erection of modular elements using
conventional cranes. Four cranes are shown. The center two
cranes are used for erection of the center span. The cranes
behind the abutments could work with one of the center cranes to
erect the end span modules.

Modern High Capacity Hydraulic Cranes have been developed for
use in heavy lift projects. These cranes are available in the United
States. They can travel over the road and be set up in a short
amount of time (1-2 hours). Crawler Cranes are also available for
heavy lift operations. Lifts of approximately 150,000 pounds
picked at a radius of 100 feet are attainable using this type of
equipment. Larger loads may also be feasible with shorter pick
radii. Designers should investigate the feasibility of cranes at a
site by checking availability with local crane companies,
establishing set-up locations, locations for delivery trucks and
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capacity of underlying soils and structures to accommodate the
crane loads.

Figure 2.4.5-2 Modular Element Installation using Cranes

2.5. Fast Track Contracting
The previous sections focus on
methods which are typically used to
accelerated on-site bridge
construction. This section will
discuss other methods that are used :
to Accelerate Bridge Construction _ Enbinion Ao
during the planning stages using ABC
Contracting Processes, and by the Technologies
use of contracting language using
Contracting Provisions.

Fast Track
Cortracting

There are two major forms of
accelerating the construction of a
bridge. The first is accelerating the actual construction of the bridge in
the field. The previous sections focus on the typical methods in use.
The goal is to minimize the impacts of the construction on the traveling
public and surrounding communities. In many cases, the design of the
project can be carefully planned and designed. In construction, the
fabrication of elements can also be completed prior to roadway closures
with no impact to the public. Once the fabrication is complete, the
project can be completed quickly.

The second way to accelerate the construction of a project is to reduce
the time required to plan, design, and bid the project. This is referred to
as Accelerated Project Delivery (APD). Another key component to
accelerating construction is through the use of contracting provisions that
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place emphasis on the need to complete the project quickly. The
following sections explore these concepts in more detail.

2.5.1. Accelerated Project Delivery

Accelerated Project Delivery (APD) is used to expedite projects for
various reasons. An extreme situation, such as a closure of a
bridge due to deterioration, would warrant an APD approach.
Other scenarios would include bridges damaged by vehicle
impacts, ship impacts, floods, or seismic events. The use of APD
is also increasing as States feel political and economic pressures
to expedite projects. Accelerated project delivery can be
combined with ABC to get these critical projects open to traffic in a
short period of time.

APD can take several forms, but the most commonly used forms,
have consisted of methods that shorten the design and
construction times in project delivery. These methods take
advantage of the idea that design and construction can take place
concurrently with certain types of innovative contracting. This
differs from the widespread traditional practice of Design-Bid-Build
(DBB), which requires design and construction to take place
sequentially. Innovative contracting is characterized by early
contractor involvement and input into design decisions, and by
initiation of construction prior to design completion.

Innovative contracting is a natural fit for accelerated bridge
construction. Often, there are multiple methods of construction
that are feasible for a particular bridge site, each with its own
requirements for equipment. The ability to have the construction
contractor involved in the design process can be a valuable tool
for innovative projects. In these situations, the contractor’s input
can play a significant role in the design options that are examined.
The design can also be tailored to the equipment that the
contractor has access to.

FHWA has established a project entitled Special Experimental
Project Number 14 (SEP-14) - Innovative Contracting. This was
developed to enable state transportation agencies the ability to
test and evaluate a variety of alternative project contracting
methods. The goal is to expedite highway projects in a more cost-
effective manner, without jeopardizing product quality or
contractor profitability.

Two common innovative contracting methods of APD that are in
use on ABC projects are “Design/Build” and “Construction
Manager General Contractor”. The following sections describe
these two processes, including their similarities and differences:

2.5.1.1. Design-Build (DB)

Design-Build is a project delivery tool that combines the
expertise of the design engineer with the expertise of the
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contractor in one team and in one contract. With this
method the owner relinquishes control of the design and
construction process and decisions to the Design-Builder.
In this method it is important that the owner can articulate
and convey their performance expectations of the final
project to the Design-Builder. Many agencies are using
Design-Build to expedite project delivery. Each agency
has specific approaches to this process; however there are
commonalities.

The DB process combines the design and construction
processes into one contract. Contractors team with design
engineers to design and build a particular project. A
certain amount of up-front design is normally completed by
the agency prior to bidding a DB project. This often
involves preliminary design, acquisition of right of way, and
procurement of environmental permits. The DB process
requires that the owner properly define the fundamental
parameters and expected performance criteria of the
project so that the bidding teams can work toward a
common solution. In some cases, this solution is
intentionally left somewhat open to encourage innovation
on the part of the DB team. The solution is left open, but
the owners expected performance criteria is clearly
defined.

An example of this can be illustrated by the following: In a
Design-Build contract and RFP would ask for a bridge,
designed to handle a specified traffic load in year X, as
opposed to an owner prescribing a certain number of
lanes, with a certain type of bridge. This statement of
performance versus prescription gives a Design-Builder
flexibility to design and build many alternatives, and to find
an owner the best solution.

On simple projects that do not involve right of way
acquisition or environmental permits, a project can be
awarded with less up-front design, as the consultant will be
performing a large portion of the design work in parallel
with construction activities. An example of this may be the
replacement of a bridge damaged by an over-height truck
impact. In this case, the parameters of the final product
are well defined.

Figure 2.5.1.1-1 depicts a flowchart of a sample DB
project. The major team members are shown in different
colored boxes.

Advantages to the DB process are as follows:

e Accelerated Project Delivery - most agencies report
consistently expedited project schedules.
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Federal Highway Administration

e The design can be tailored to the contractor's
expertise and equipment.

e The team can take advantage of innovative
construction processes.

o DB Teams are sometimes encouraged to modify the
preliminary designs to save money.

e Owners can obligate monies very quickly and with
good results on meaningful capacity projects.

Disadvantages to the DB process are as follows:

e The owner needs to clearly identify and
communicate the desired project outcomes.

e The DB team needs to complete a relatively detailed
design process in order to bid the project. In some
agencies, stipends are used to defer the cost of this
process to the short-listed teams.

e The owner does not have complete control over the
final design. The design team is working under the
direction of the contractor, not the agency.
Requests for changes to the design after the bid
often result in extra costs.

e Risk is increased on the designer and contractor.
However, DB allows the designer and contractor to
develop solutions to minimize risk.

e Most agencies have seen little or no change in
project cost. Some agencies have reported higher
costs. In these cases owners generally agree that
the decrease in traffic disruption has positive cost
benefit. The increase costs have been more than
made up in a modeling of road user costs.

Even with the listed disadvantages, the ability to deliver a
project in a short time period has compelled agencies to use
this method for many projects. Some states have statutory
restrictions to this form of contracting. In some cases,
special legislation has been used to allow the use of DB on a
limited basis.

More information on the Design-Build process can be found

at the FHWA website:
www.fhwa.dot.gov/construction/cqit/desbuild.cfm.
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Develop Design
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Interview Teams Legend
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v

Finish Design
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Figure 2.5.1.1-1 Sample Design-Build Process
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2.5.1.2. Construction Manager General Contractor (CMGC)
This method of project delivery is similar to DB in that the
designer and contractor work together to complete a
design; however there are some significant differences.
The fundamental difference is in the contracts with the
owner. In CMGC, both the designer and the contractor
have contracts with the owner, and the owner is part of the
design team. In CMGC the owner does not relinquish
control or risk as in DB. Other attributes of CMGC include:
¢ A preliminary design does not need to be completed
prior to selection of the designer or the contractor.

¢ The design engineer is selected by the agency using a
standard qualifications based approach. The design
engineer works under the direction of the agency, not
the contractor.

¢ The contractor is selected by the agency using a
qualifications approach.

e The selected firms (contractor and designer) form a
design team along with the agency in a collaborative
manner.

¢ The team (owner, contractor, designer) develops the
design.

¢ Risks are identified and managed. Solutions to
potential problems are resolved during the design
phase.

Figure 2.5.1.2-1 depicts a flowchart of a sample CMGC
project. The major team members are shown in different
colored boxes.

Advantages to the CMGC process are as follows:
e Accelerated Project Delivery - most agencies report
consistently expedited project schedules

¢ The design engineer and the contractor do not need to
perform significant up-front design work prior to the
bid. Stipends are not necessary.

e The design can be tailored to the contractor's
expertise and equipment.

e The team can take advantage of innovative
construction processes.

e The agency has complete control over the design.
The design engineer is working under the direction of
the agency.

e Contractor risk is identified during the design process
and managed.

¢ Total construction costs (bid price plus change orders)
can be lower than other contracting processes. This
is primarily due to reduced construction change orders
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and lower risk, as a result of having the contractor
involved in the design process.

Disadvantages to the CMGC process are as follows:

e The agency needs to establish ways to select
contractors without a design. This can be done with a
gualifications based selection process or with a best
value selection process, which includes a price
component. Some states have required that
contractors supply guaranteed unit prices for major
items during the selection process. This is done to
bring in an element of cost into the selection process.

e There is concern that the agency may not be getting
the lowest price, since only one contractor is involved
in the bid, therefore the owner should develop a
method of verifying bid costs.

CMGC is particularly suited for ABC projects. By having
control over the entire design process, the owner can
stipulate the construction methods that will best suit the
traveling public. Innovative designs can be developed by
the team. Risks associated with these designs can be
identified and worked out prior to construction. In some
cases, the owner may be willing to accept the potential for
cost overruns if a design does not work as planned. For
instance, if the team identifies a risk that a certain piece of
equipment could breakdown during a short duration work
period, the team can assess whether or not they should
pay extra to have back-up equipment available or to
accept the risk that this may happen and lead to a delay in
the project. If the latter option is cho