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Preface

Beginning January 2015, the National Council of Examiners for Engineering and
Surveying (NCEES) changed the Civil Engineering Specification for Civil PE
exam. Now Civil PE are offered in the following Disciplines;

Transportation

Construction

Structure

Geotechnical Engineering

Water Resource and Environmental

Each discipline is divided to two areas of breadth and Depth.
The breadth part is common for all disciplines and includes the following
specifications.

a) Project Planning

b) Means and Methods

C) Soil Mechanics

d) Structural Mechanics

€) Hydraulics and Hydrology
f) Geometrics

0) Materials

h) Site Development

In this book we have presented four Style PE Civil Practice exam to prepare you
for the breadth part of exam. Problemsin each specification have been separated.
Thisway you may concentrate on your area of strength if you want to.

| hope you find this book helpful for passing the PE Civil exam.

Shawn (Shahriar) Jahanian, Ph.D, PE
EITEXPERTS publishing company
www.eitexperts.com
July 2015
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1) Find the remaining amount of soil after excavation and embankment in cubic yard
considering swell coefficient as 0.26 and shrinkage coefficient as 0.1.

STA 12+10

Fill = 50 cf, C=0 cf

(m) Fll wection

STA 12+40
_‘i/ f Fill= 0, C= 60 cf
() Cu;m:uun

STA 12+70

tc}muwldﬂn section Fill = 35 cf, C=20 cf

A) 32 B) 47 C) 78 D) 62
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2) Find the elevation of BM2 if the following readings are given if the elevation of
BM1 is 01+30:

Station BS FS
BM1 3.3

TP 2.4 1.5
BM2 1.2

A) 1430 B) 1+31.2
C) 1433 D) 1431.8
3
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3) For the pre-cast concrete bridge box girder which one is the most likely closer to
the required volume of concrete for one box? Thickness is 8” for two sides and bottom
chord and 4” for the top chord. Each corner has 3 by 3 inches hunches. Length of bridge

is given equal to 200’
/ Composite Deck

£l T P
<. . .4
. <4 e 8y

= s }:4 C _ i P
] 'to 66" ) M
148" ———
A) 1500 cf
B) 1000 cf
C) 1825 cf
D) 1250 cf
4) Which one of these 4 cost functions shows more increasing in rate of expenses

over the time? (Horizontal axis shows time and vertical axis shows costs.)

N 7R )
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5) For the following paths find the critical path using the CPM?

\— Activity Time

e o o A. 4 weeks

B. 16 weeks

< 19 OCHES -
. 24 weeks

. 28 weeks

4 weeks
8 weeks
4 weeks

IToOmMmMmoOO

A) 44 B) 48
C) 60 D) 64

6) A dump-hauler has a purchase price of $109,000. Freight for delivery is $5000.
Tires are an additional 25,000 with the estimated life time of 4500 hours. The hauler
expected to operate 1500 hours annually and for 11 years. Maintenance fees for the
hauler is estimated at $18000. What is the before-tax estimated hourly cost of operation
excluding operator labor cost?

A)35 B) 41

C) 23 D) 15

7) How many 4 by 8 in samples required for a 7000 sf shear wall with 180 cy? of
concrete?

A) 2 specimens
B) 3 specimens
C) 4 specimens
D) 5 specimens
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8) For the wall form work, if the height of wall is equal to 10 ft. and the distance
between inclined supports is 3 ft. find the force in the support assuming the 45 degree
angle for it.

oo Weoden Spacers
[ th =wall thicknesa,
ﬁ"?x removied when filling
rical | concrete
m

Studs, 50x 100 mm
max. spacing G00mm

A) 7500 Ib. — R fhacg 2m
B) 10607 1b.
C) 1500 Ib.
D) 150 Ib.
L&nrd’l min. thickne:
9) If the maximum moisture content is given equal to 17% and specific gravity of

soil is given equal to 2.67 find the dry density according to the modified proctor test
procedure.

A) 125 pcf
B) 95 pcf

C) 115 pcf
D) 150 pcf

10)  In the temporary structure in the referred picture if the soil is un-drained stiff clay
which one is correct?

A) Soil pressure has a uniform distribution.

B) Soil pressure has a trapezoidal form

C) Soil pressure is triangular and the maximum pressure is at basc
D) Soil pressure is triangular and the maximum pressure is at top.
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11)  Which one of the following compactors shall be used for the compaction just
behind the retaining wall?

A) A) sheepsfoot compactor B) Smooth drum
B) C) Small plate compactor D) pneumatic

12) A fine grained soil has a Liquid Limit (LL) of 70% and a Plasticity limit (PL) of
30%. The soil can be classified as:

A) CL
B) CI
C) CH
D) MI

13)  For a fully braced retaining wall in the basement of a 10 stories building, which
formula will give the pressure at the bottom of the wall. (Height of wall is equal to 10 ft.)

A) P=Soil density * 10 * Ka (active soil pressure)

B) P=Soil density * 10 * KO (at rest soil pressure)

C) P=Soil density * 10 * Kp (passive soil pressure)

D) P=Soil density * 10 * Ka (active soil pressure) * 10/2
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14)  The ground water level is at 9ft. below ground. What is the total stress at 15 ft.
below ground? Consider a footing on top layer with the width of 10 ft. which makes a
pressure of 150 psf. Use both figures to find the pressure.

Drameler 24 ———=f

1

Fy/{;{/%‘//// , q = maximum applied pressure
| |

7 /'1\\!%776?\\
| A (k\\\_\;/fiy/f /
\\ i

\ N 210
\-"_“_l&'_f'
\, \""—'?—"‘// z/

\

| |
|
/

—-—

fto| Brown Silty sand
T Gs=2.65, e=058, m=20.5%

ft
¥
A) 2200 psf
B) 1778 psf
C) 1200 psf
D) 1860 psf
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15) A soil sample has 30% passing the No. 4 sieve and 10% passing the No. 200
sieve. The coefficient of uniformity is greater than 4. Classify the soil according to the
Unified Soil Classification System.

A) SP-SM
B) SW-SM
C) SP

D) GW

16)  For the shown footing, find the maximum compressive stress. (P= 1000 Ib. M=
500 Ib-ft. B=D=width of footing = 9 ft.)

A) 20.3 psf

B) 8.2 psf fl\m
C) 16.5 psf Tv—l—
D) 12.3 psf

17)  Referring to the figure, find the maximum tension force at the bottom chord if the
force is equal to 1000 1b. the length of span is 20 ft.(4@5’), and height of the truss is
given equal to 5 ft.

A) 1200N
B) 1000 N
C) 5000 N
D) 2000 N
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18)  Which model has just compressive force in the diagonal members?

Warren Truss Warren Truss With Verticaols
Pratt. Truss Howe Truss
K Truss Roof Truss

A) Warren and roof trusses
B) Howe truss

C) K and Warren trusses
D) Pratt truss

19)  If a design engineer wants to use one of the following sections as a simple beam
on the sloped roof, which section(s) may give a better results?

A) Isection

B) Z and angle sections

C) I'and channel sections

D) Channel, Z, and Angle sections

10
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20)  For the beam in the referred picture find the maximum bending moment at the
mid-span.

3.0KkMim

A) 6 KN-m

B) 16.6 KN-m
C) 14.3 KN-m
D) 8.3 KN-m

21)  What is the ratio between plastic section modulus and elastic section modulus and
(shape factor) for the rectangular section as follows:

¥

A Ye
A) 15 :
B) 1.33
C) 2 B I
D) 1.7

A :X
< b

11
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22) A contractor need to make a concrete with target strength of 4 KSI and 0.5KSI as
standard deviation. What should be the average of compressive strength tests for the
concrete mix design?

A) 4.7 KSI
B) 3.3 KSI
C) 4.1 KSI
D) 4.0 KSI

23)  Concrete curing shall be maintained above 50 °F and in a moist condition for at
least:

A) 3 days after placement.
B) 10 days after placement.
C) 15 days after placement.
D) 7 days after placement.

24)  Find the maximum bending moment on a beam with the length of 20 ft. for the
two 2000 1b. moving load (crane wheels) with the distance of 4 ft.

A) 20000 Ib-ft
B) 16000 Ib-ft
C) 19200 Ib-ft
D) 18000 Ib-ft

12
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25)  If the PVC station of 100+00 at 59 ft. elevation is connected to the PVT station at
104+00 referring to the following figure, find the station of the crest.

PV —

PWVC: STA100+00
EL 59 ft.

A) 101423 ft.
B) 102+00 ft.
C) 101+50 ft
D) 101+15 ft.

26) A car is traveling at 50 mph in a county at night on a steep wet road with 6%
uphill slope. Find the stopping sight distance.

A) 300 ft.
B) 389 ft.
C) 112 ft.
D) 241 ft.

13
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27)  Inaclose traverse, what is the bearing of NC?

A) SSE

B) N85W
C) S85E
D) N5W

28) A horizontal curve is designed with a 1500 ft. radius. The tangent length is 400
ft. and the PT station is 20+00. Find the length of the curve?

A) 382 fi.
B) 540 ft.
C) 420 ft.
D) 781 ft.

14
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29)  In the following intersections layouts, which one is strongly recommended in the
both urban and the rural areas for the local road or street.

30) A district road with a bituminous pavement (friction coefficient=0.16) has a
horizontal curve of 700 ft. If the design speed is given equal to 45 mph find the super-
elevation.

A) 3%
B) 5%
C) 7%
D) 9%

31)  Degree of curve is

A) Equal to the interior angle.

B) Bearing of the curve.

C) Defined in degree.

D) Proportion to the reciprocal of the radius.

15
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32)  Spiral (transition) curves

A) are never used.

B) have a particular radius.

C) are used to produce a transition between two tangents.

D) are used to produce a gradual transition from tangents to circular curve.

33)  Which one has more pressure at the depth of h?

|-q- o -

A) B)

D) They have equal pressure

34) A 3hstorm over a 150 km? area produces a total runoff volume of 7*10° m?
With a peak discharge of 360 m?/Sec. What is the total excess precipitation?

A) 1.4 cm
B) 2.6 cm
C) 3.6 cm
D) 4.6 cm

35) A 3h storm over a 150 km? area produces a total runoff volume of 7¥106 m? with
a peak discharge of 360 m3/Sec. find the unit hydrograph discharge?

A) 78 m¥s.cm

B) 120 m¥s.cm
C) 210 m¥s.cm.
D) 260 m¥s.cm

16
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36)  What is the flow rate for a street V channel finished (clean) concrete channel with
a width of 1°, channel slope of 0.5%, with a “normal” water depth of 0.5°?

A) 0.55 cfs
B) 1.20 cfs
C) 0.25 cfs
D) 2.41 cfs

37)  Rainfall intensity is

A) The amount of precipitation per second.
B) The runoff after a rainfall.

C) The amount of precipitation per hour.
D) The design storm.

38)  What is the definition According to the US environment protection (EPA) which
area needs permit for the land disturbing and it will called as “disturb?

A) 10 or more acres C) 1 or more acres
B) 100 or more acres D) 1000 or more acres

39) 8 MGD (million gallon per day) of water flows into the new schedule-40 steel
pipe network as shows below. Find the rate of flow in the upper branch.

87, L=200", C80

D=8”,L=1501

n
>

4”, L= 100, C=100

A) 1.1 MGD
B) 6.2 MGD
C) 5.0 MGD
D) 1.95 MGD

17
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40)  In a drainage project for an underground subway station if the required amount of
well drawdown is 3 ft. in the 50 ft. depth of the aquifer. The hydraulic conductivity is

given equal to 120 gal/(day-ft*), well radius is equal to 0.3 ft. and the water table recover
at radius of 1000 ft. find the required pumping flow rate ?

A) 13524 gal/day
B) 71020 gal/day
C) 18520 gal/day
D) 5624 gal/day

18
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Solutions
First Style exam

19
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1) Find the remaining amount of soil after excavation and embankment in cubic yard
considering swell coefficient as 0.26 and shrinkage coefficient as 0.1.

STA 12+10

Fill = 50 cf, C=0 cf

STA 12+40
f Fill= 0, C= 60 cf

STA 12+70

(a) F|.[ section

4
“i

() Cu:, section

. Fill = 35 cf, C=20 cf

A) 32 B) 47 C) 78 D) 62

The Answersis A

This method is used widely and most of the estimators use this method where length is
much greater than width.

Earthworks Formulas

L(A1+43)

Average End Formula V = >

L=Distance between A, and A,
Also, 1 mile = 5280 ft. = 1760yards and 1 yard = 3 ft.

Each station introduce with the distance from the origin in feet, so STA 12+10 means:
1210 ft. Then distance between 2 stations in this problem is given equal to 30 ft. using the
average area method:

Veut(a-b)= (0+60)/2 * 30 = 30*30 = 900 cf
Vfill(a-b)= (50+0)/2*30 = 25*30= 750 cf
Veut(b-c)= (20+60)/2 * 30 = 40*30 = 1200 cf

20
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Vfill(b-c)= (0+35)/2*30 = 17.5*%30= 525 cf
Total volume of excavation = 900+1200 = 2100 cf = 77.8 cy

Total volume of embankment = 750+525= 1275 ¢f=47.2 cy = CCY (Compacted
material)

BCY= CCY /(1-Shrikage) = 47.2/(1-0.1) = 52.4 cy This is the required amount of soil at
bank after excavation.

The remaining volume between required BCY and excavation is the amount of soil that
will not be used = 77.8 -52.4 =25.4 cy

The remaining volume of excavated soil after swelling (LCY) that should be hauled out
of the site = excavation at bank * (1+swell) = 25.4*(1+0.26) = 32 cy

21
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2) Find the elevation of BM2 if the following readings are given if the elevation of
BM1 is 01+30:

Station BS FS
BM1 3.3

TP 2.4 1.5
BM2 1.2

A) 1430 B) 1+31.2
C) 1433 D) 1431.8

The AnswersisB

The height between two points are given equal to: Back sight (BS) - Foresight (FS) =
height, positive answer means FS is higher than the BS.

BMI1 to TP = BS-FS=3.3-1.5=+1.8
TP to BM2 = BS-FS=2.4-1.2=+1.2
Elevation at BM2 = Elevation at BM1 + height = 130 + 1.8 + 1.2 = 133=1+33

22
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3) For the pre-cast concrete bridge box girder which one is the most likely closer to
the required volume of concrete for one box? Thickness is 8” for two sides and bottom
chord and 4” for the top chord. Each corner has 3 by 3 inches hunches. Length of bridge

is given equal to 200’
/ Composite Deck

£l 7 LI
: 4
. |

“

¥ 4
< . #
s . £ ;
o -
7N :
< ;
4 < 4 4 »
a >
. L
a9
i a B
%
e

'to 66"

ae

- 48—

A) 1500 cf
B) 1000 cf
C) 1825 cf
D) 1250 cf

The Answersis C

To find the answer the section can be divided in the certain geometric shapes. Then the
area of each section can be found. Volume is equal to the area multiplied by the length of
girder. All dimensions in inches have been converted to ft by dividing by 12.

A= ((36*4+(66-4-8 ) *8*2+(36*8)+4*(3*3)/2))/(12*12) = 9.125 sf (area of section)
Volume = 9.125%200= 1825 of

23
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4) Which one of these 4 cost functions shows more increasing in rate of expenses over
the time? (Horizontal axis shows time and vertical axis shows costs.)

&)

The Answersis A

The question shows different cost functions. The choice B shows the decreasing in rate
over the time (Log function), choices C shows the constant expenses over the time.
Choice A, is an exponential function and shows for rate of change over the time than D.

24
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5) For the following paths find the critical path using the CPM?

0 D)—(r) N acivity  Time
4 weeks
16 weeks
o I W) |
24 weeks
. 28 weeks
4 weeks
OO0

4 weeks

vmozgrAS T

A) 44 B) 48
C) 60 D) 64

The AnswersisD

The critical path is the path with the longest time.

Paths’ Lengths
ACDFH =44
ACDGH =48
ACEFH =48
ACEGH =52
BCDFH = 56
BCDGH = 60
BCEFH = 60
BCEGH = 64

25
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6) A dump-hauler has a purchase price of $109,000. Freight for delivery is $5000.
Tires are an additional 25,000 with the estimated life time of 4500 hours. The hauler
expected to operate 1500 hours annually and for 11 years. Maintenance fees for the
hauler is estimated at $18000. What is the before-tax estimated hourly cost of operation
excluding operator labor cost?

A) 35 B) 41

C) 23 D) 15

The AnswersisC

The best way to estimate the hourly cost is to find all expenditures and cost for a year,
then the hourly cost can be estimated prorate:

The total hauler cost = 109000+5000= $114,000
The hauler price per year: 114,000+/12=$ 9500 per year

Tires will work 4500 hr and every year 1500 years of operation is expected so:
4500/1500=3 years is the life time for the tires

Therefore, tire costs for a year is become: 21000/3 = $7000
Total annual expenditures = $9500+$7,000+$18000 = $34,500
Hourly rate = 34500/1500 hr/year = 23

26
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7) How many 4 by 8 in samples required for a 7000 sf shear wall with 180 cy? of
concrete?

A) 2 specimens
B) 3 specimens
C) 4 specimens
D) 5 specimens

The AnswersisB

P70-71, ACI 318-08, 5.6.2.1 and 5.6.2.4.

Based on the code instructions, 3 specimens are required for the 4 by 8 in cylinder
samples and for each 150 cy * or 5000 sf needs one sample. So for 180cy® 2 samples are
required and for the 7000 sf also 2 samples are required. So, with this size of samples 3
samples are required.

27
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8) For the wall form work, if the height of wall is equal to 10 ft. and the distance
between inclined supports is 3 ft. find the force in the support assuming the 45 degree
angle for it.

- Wooden coacers
th zwall thickness,
| ﬁ"?x removied when filling
217 n’-r\-h? vertial | concrete
cing

Studs, 50x 100 mm
max. spacing G00mm

A) 7500 Ib. e T
B) 10607 Ib.

C) 1500 Ib.

D) 150 Ib.

The AnswersisB L:::: “eked to st

P18, ASCE 37-02,4.7.1.
Concrete density = 150 Ib/cf (ASCE 7-10, Chapter 3, 3.1 and C3, table C3-1 & C3-2.)

CC =w X h
Cc=150*10 = 1500 psf/ft., is the lateral pressure at the base of the wall.

The pressure is distributed in the triangular form so the problem is like a beam with
triangular load.

We need to find the reaction of this beam then we can find the force in the lateral support.
So we can find RA as: RA — °

(1500 * 10/2)*1/3*3 = 7500 Ib.

To find the force in the soldier

a=45 degree

F=RA/ Cos 45 = 7500/ Cos 45=10606.6 1b.

28
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9) If the maximum moisture content is given equal to 17% and specific gravity of
soil is given equal to 2.67 find the dry density according to the modified proctor test
procedure.

A) 125 pcf
B) 95 pcf

C) 115 pcf
D) 150 pcf

The AnswersisC

According to the modified proctor test procedure, the dry density is equal to:

P 62.4

1~ 017 +1/267
SG

p= = 114.59 Ib/ft3

w +

29
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10)  In the temporary structure in the referred picture if the soil is un-drained stiff clay
which one is correct?

A) Soil pressure has a uniform distribution.

B) Soil pressure has a trapezoidal form

C) Soil pressure is triangular and the maximum pressure is at bas
D) Soil pressure is triangular and the maximum pressure is at top.

Ar_'

The AnswersisB

This is the definition for the temporary structures. In the clay soil the pressure has
trapezoid form and in sand it is uniform. In none of the conditions it has triangular form.

30
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11)  Which one of the following compactors shall be used for the compaction just
behind the retaining wall?

C) A) sheepsfoot compactor B) Smooth drum
D) C) Small plate compactor D) pneumatic

The AnswersisC

As general rule, heavy compactor equipment cannot be driven within 3 feet (0.3 m) of the
back of the wall and based on definitions in this zone (settlement zone) only the small
plate compactor shall be used.

31
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12) A fine grained soil has a Liquid Limit (LL) of 70% and a Plasticity limit (PL) of
30%. The soil can be classified as:

A) CL
B) CI
C) CH
D) MI

The AnswersisC

For the fine grained soil according to the unified chart easily the soil classification can be
defined as follows:

PI= LL-PL So, PI1=70-30 =40%

PLASTICITY CHART

60
< 50 /-"'
o CH| A
x40 —
w A LINE:
- 10 | = 0.73(LL-20)
- CL p MH&OH
o 20
= /
w
< 10— v
o | JELsML : ML&PL

% 10 20 30 40 50 60 70 80 90 100

LIQUID LIMIT (LL) (%)

So the soil is classified as CH.

32
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13)  For a fully braced retaining wall in the basement of a 10 stories building, which
formula will give the pressure at the bottom of the wall. (Height of wall is equal to 10 ft.)

A) P=Soil density * 10 * Ka (active soil pressure)

B) P=Soil density * 10 * KO (at rest soil pressure)

C) P=Soil density * 10 * Kp (passive soil pressure)

D) P= Soil density * 10 * Ka (active soil pressure) * 10/2

The AnswersisB

Rankine and Coulomb theories assume that wall moves slightly and then active and
passive pressure will start acting on the wall. If the wall is fully braced or considered as at
rest, then KO or at rest soil pressure coefficient shall be considered. Since in all
basements, walls are designed as perimeter walls and braced with floors, and other walls,
KO shall be considered for them.

33
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14)  The ground water level is at 9ft. below ground. What is the total stress at 15 ft.
below ground? Consider a footing on top layer with the width of 10 ft. which makes a
pressure of 150 psf. Use both figures to find the pressure.

Didmeter 24—

1

I-//élz/////// q = maximum applied pressure
s A d

T

. AN\
)

/)
)
N

(<]

\
¥
- 5/ \ ,
g SIIN
e V) | |
{ 4
T 7]
e | :
e o — o R B 7 O
+
ftol Brown Silty sand
Gs=2.65, =058 m=205%
oy W
4
ft
¥
A) 2200 psf
B) 1778 pst
C) 1200 psf
D) 1860 psf

The AnswersisB

To solve the problem, the amount of density for each layer shall be estimated.

For the first layer (Brown Silty Sand):

L = 2.65%62.4—— = 104.65 Ib/cf

(1+e) 14058

Pwet = Pary(L+m) = 104.65 * (1 + 0.205) = 125.32 Ib/cf

34
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Total stresses are equal to:

O(o-9) = Yh = 12532 %9 = 1127.88 psf
O(9-15) = Yh = 104.65 % 6 = 627.9 psf
Foundation stress is estimated from the figure as:

Depth = 15” width of footing is = 10ft. so stress shall be found in 3d and it is equal to =
0.15q=0.15%150 = 22.5 psf

Liameter 2o —'—|
f
%4//:i,r’//‘/',{////' q = maximum applied pressure
s o d
|
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So the total stress = 22.5+1127.88+627.9=1778.28
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15)

A soil sample has 30% passing the No. 4 sieve and 10% passing the No. 200

sieve. The coefficient of uniformity is greater than 4. Classify the soil according to the

Unified Soil Classification System.

A) SP-SM
B) SW-SM
C) SP

D) GW

The Answersis D

According to the Unified Soil classification table the soil can be classified as GW.

the below table.

10% passing Sieve #200

30% passing through #4 means less than 50% on #4

Unified soil classification [Casagrande (1948)
Groap
Major divisions symbasls ical names Laberatory classification criteris
= /ﬂnwm D (D
& = g GW praveh-sanmd maaress, €, = —— greater than 4; C, = L between 1 and 3
|22 . L 4 B B By
EE| & B
" x 2
- '-E o 52 / Poorly graded gravels, ;
_E 2luz Ge gravel-sand mictares, ¥ mizeting C, of O, requirements for GW
e | BB~ litzle o B fimes. .= 5
2|3 = $B :
Of — a s - g
g -] £.3) oue |1 Stysmeispavetaams | 3 = |fAnerberg limits below "A” | jimies plorting in hanched
; s ‘iE = il i xires -’; i line ar Iy less thap 4 zone with £, between &
s s B E g; 5% = and 7 are borderiine
25 |28 E= Zf| Anerberg limits above “A” cases requiring mse of
= E & B L s
L; = z i g o n‘?_“”fg‘n“'h!’"* EE lime wTim Tp grester duead symils.
\ ?n_ﬁl S5 than
| 3
= Well-praded samds. S E 5
E- 8 u X W gravelly sands fndeor | = & Co= 2% prumer than 6;.C, = 22" peruiesn 1 and 3
. = EE: D Dp = Dy
2 E -; 2 e fimes ?..E_
by b 2 é; Py gradod samb. 23
2 2 5 5P gravelly sk lindeor | 2 ? Mot meeting C, or , requirements for SW
i 3 = = o fimcs 25
5 F g5
é 55 £ s Ii Sally sanell, sand-5il E : Amerberg kmits bebow *A” | | ciotting in hatched
= _Ej i%; = mixtures !% lime ar Iy less tham 4 zane with f between 4
5|3 E and 7 are bonderling
E|sE% 5 Angrberg limi -~ : i
=2 g limits abowve =& Cises requiring use of
é § <= sC Cluyoy mads, smd-cley | & Time with Fp greater dal symibols.
s i than 7
Uniformity is> 4

10% passing means more than 50% larger than #200 sieve and 30% passing from #4
means less than half is smaller than #4 so the soil can be (GW, GP, GM, or GC). The

uniformity bigger than 4 shows the soil is classified as GW.
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16)  For the shown footing, find the maximum compressive stress. (P= 1000 Ib. M=
500 Ib-ft. B=D=width of footing = 9 ft.)

P
A) 20.3 psf
B) 8.2 psf fr\m

D) 12.3 psf I |

The AnswersisC

To find the stresses under the foundation three different conditions might be happened
which are shown in the below picture.

Breadth of footing = B Eccentricity (&) = A

e

- -

So, the eccentricity is equal to:
e= M/P =500/1000 = 0.5 <D/6 =9/6=1.5
So, the method in “b” shall be used because the footing has not tension.

Max. Stress = P/(B*L) * ( 1+ 6e/L) = 1000/(9*9) * (1+6%0.5/9) = 16.46 psf

37



i vers ™

Practice Problems PE Style Exam (AM)

17)  Referring to the figure, find the maximum tension force at the bottom chord if the
force is equal to 1000 1b. the length of span is 20 ft.(4@5’), and height of the truss is
given equal to 5 ft.

A) 1200N NS LT
B) 1000 N 2 = ,§
C) 5000 N
D) 2000 N

The AnswersisB

To find the force in the bottom chord easily find the bending moment at mid-span.
M/height of truss will give the forces in top and bottom chord. So:

M= PL/4 = 1000*20/4 = 5000 Ib.
F=M/d = 5000/5 = 1000 Ib.
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18)  Which model has just compressive force in the diagonal members?

Warren Truss Warren Truss With Verticaols
N\ / b
Pratt Truss Howe Truss
K Truss Roof Truss

A) Warren and roof trusses
B) Howe truss

C) K and Warren trusses
D) Pratt truss

The AnswersisB

Pratt truss has all tension members while Howe has all compression members. All other
types have a mix of compression and tension diagonals. Since the question asked for just
compression the answer is Howe truss.
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19)  If a design engineer wants to use one of the following sections as a simple beam
on the sloped roof, which section(s) may give a better results?

A) I section

B) Z and angle sections

C) I and channel sections

D) Channel, Z, and Angle sections

The AnswersisD

Angles and Z sections have 2 principle axis other than the X and Y axis, because are
asymmetric sections. So, if they use on top of the sloped roof the actual load will work on
their real axis and consequently it creates the minimum bending moments. With a proper
selection of roof angle and principle axis angles the biaxial bending moment on sloped
roof will be converted to the uniaxial bending moment. Channel has a center of rotation
which will help to decrease the effect of horizontal vector on the sloped roofs. So. All
three sections are suitable for the sloped roofs. I sections are the most deficient sections
on the sloped roofs, because always they face the biaxial bending moment and
consequently the designed sections have more weight that the Z, angle, or channels.
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20)  For the beam in the referred picture find the maximum bending moment at the
mid-span.

3 0kMm

)

}~— 4dm — =+ 15m —+

A) 6 KN-m
B) 16.6 KN-m
C) 14.3 KN-m
D) 8.3 KN-m

The AnswersisC

Using the super position law, the mid span bending moment is the sum of the bending
moment from the simple span beam and the cantilever over hang.

So:

Simple span beam (mid span) = wi"*2/8 = 3*4"2/8 = 6 KN-m

Overhang creates negative bending moment and the concentrated moment is positive so:
The negative bending moment at support = M-wL"2/2 = 20- 3*1.5"2/2 = +16.625

At the mid span half of this bending moment will be added to the mid span bending
moment (simple beam effect) so, the total moment = 16.625/2 + 6 = 14.3 KN-m
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21)  What is the ratio between plastic section modulus and elastic section modulus and
(shape factor) for the rectangular section as follows:

p 4

4 Ye
A) 15 X
B) 1.33
Q) 2 B
D) 1.7

A =X
B o

The Answersis A

Elastic section modulus = I/C = (bh®*/12)/(h/2) = bh?/6
Plastic section modulus = ZAy = b*(h/2) * (h/4) * 2 = bh?/4
Shape factor = (bh?/4) / (bh?*/6) =3/2 =1.5
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22) A contractor need to make a concrete with target strength of 4 KSI and 0.5KSI as
standard deviation. What should be the average of compressive strength tests for the
concrete mix design?

A) 4.7 KSI
B) 3.3 KSI
C) 4.1 KSI
D) 4.0 KSI

The Answersis A

P67, ACI 318-08, 5.3.2.1
The required compressive strength for the f°c<5 KSI is given by the following formula:
f'op = f'c + 1.34S;

Ss = to the standard deviation of the samples and 1.34 according to the normal
distribution function represents the 90% success in the samples and 10% failure.

So:
ffor = 4.0+ 1.34%0.5 =4.67 KSI
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23)  Concrete curing shall be maintained above 50 °F and in a moist condition for at
least:

A) 3 days after placement.
B) 10 days after placement.
C) 15 days after placement.
D) 7 days after placement.

The AnswersisD

P77, ACI 318-08, 5.11.
This is the definition of code.

Concrete curing shall be maintained above 50 °F and in a moist condition for at least 7
days after placement.
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24)  Find the maximum bending moment on a beam with the length of 20 ft. for the
two 2000 1b. moving load (crane wheels) with the distance of 4 ft.

A) 20000 Ib-ft
B) 16000 Ib-ft
C) 19200 Ib-ft
D) 18000 Ib-ft

The Answersis D

The maximum bending moment for the moving load does not occur in the mid span. The
maximum bending moment for the 2 equal moving load is equal to:

M—PLl a
_2( ZL)

Where “a” is the distance between loads, L is the length of span, and P is the moving
load. So, M= 2000%20/2*(1-4/(2*20)) = 18000 1b-ft
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25)  If the PVC station of 100+00 at 59 ft. elevation is connected to the PVT station at
104+00 referring to the following figure, find the station of the crest.

PV —

PWVC: STA100+00
EL 59 ft.

A) 101423 ft.
B) 102+00 ft.
C) 101+50 ft
D) 101+15 ft.

The Answersis A

P3-149, AASHTO Geometric Design-Green Book 2011, 2011, 6™ ed., 3.4.6.

400 ft. vertical curve, therefore:
 PVlIisat STA 100+00 and PVT is at STA 102+00

Elevation of the PVI is 59’ + 0.02(200) = 63 ft.
Elevation of the PVT is 63— 0.045(200) = 54 ft.

High point elevation requires figuring out the equation for a vertical curve
« Atx=0,y=c=>c=59ft.
+ Atx=0,dY/dx=b=G, =+2.0%
+ a=(G,-G)2L=(-4.5-2)/(2(4)) =-0.8125
e y=-0.8125x +2x+59
» High point is where dy/dx = 0
e dy/dx=-1.625x+2=0
* x=1.23 stations = 01+23
Station of the crest = (1+23)+100+00=101+23
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26) A car is traveling at 50 mph in a county at night on a steep wet road with 6%
uphill slope. Find the stopping sight distance.

A) 300 ft.
B) 389 ft.
C) 112 ft.
D) 241 ft.

The AnswersisB

P3-2, AASHTO Geometric Design-Green Book 2011, 2011, 6Med., 3.2.2.

According to the AASHTO 2004 code, the stopping sight distance for horizontal curves is
equal to:

2

30(0.347 + G)

S =147.(2.5).V +

G is the slope of the road, for the uphill road = +0.06 (it will be negative for the downhill)
Friction coefficient == 0.1

V=50 mph

S=1.47.2.5.50 + 50%(30%(0.347+0.06) = 388.5 ft.
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27)  Inaclose traverse, what is the bearing of NC?

A) S5E

B) N85W
C) S85E
D) N5W

The AnswersisC

A bearing of a line is the direction of the line with respect to any given meridian and is
described by 90° quadrant in which the line falls and by the acute angle between the line
and the meridian within the quadrant.

Since line BC lies in the second quadrant and so the angle should be measured between
line and S, So the angle is: 90-5 = 85° and the direction is S and E, So, S85E is the
answer.
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28) A horizontal curve is designed with a 1500 ft. radius. The tangent length is 400
ft. and the PT station is 20+00. Find the length of the curve?

A) 382 ft.
B) 540 ft.
C) 420 ft.
D) 781 ft.

The AnswersisD

P3-18, AASHTO Geometric Design-Green Book 2011, 2011, 6" ed., 3.3.

Since we know R and T we can use T = R.tan(delta/2) to get delta o1

400=1500 tan(delta/2) then delta = 29.86 degrees
D =5729.6/R. Therefore D = 3.82 Tangent i
L =100(delta)/D = 100(29.86)/3.82 = 781 ft. /%/’ZT
pe.
Ly

PC.5ta.=PI Sta - T
PT. S50 =PC Sta.t L

Deflection angle from fongent
to chord is helf the central
C‘“S"’* of the subterded arc.

Are length . D

D?.f.n‘\nslz= T 7
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29)  In the following intersections layouts, which one is strongly recommended in the
both urban and the rural areas for the local road or street.

The AnswersisC

P10-1, AASHTO Geometric Design-Green Book 2011, 2011, 6" ed., 10.2.

According to the AASHTO definitions, the full and half cloverleaf intersections and
trumpet are recommended for the rural highways (A, B, and D) and not recommended for
the local roads. The diamond (C) is recommended for the urban and rural local roads.
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30) A district road with a bituminous pavement (friction coefficient=0.16) has a
horizontal curve of 700 ft. If the design speed is given equal to 45 mph find the super-
elevation.

A) 3%
B) 5%
C) 7%
D) 9%

The Answersis A

P3-43, AASHTO Geometric Design-Green Book 2011, 2011, 6" ed., 3.3.5.

For 70 mph, f=0.16

R, = V2/15(f+e) or e+ f=V?15R, then: e (super elevation) = 45"2/(15%700)-0.16 =
0.03
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31)  Degree of curve is

A) Equal to the interior angle.

B) Bearing of the curve.

C) Defined in degree.

D) Proportion to the reciprocal of the radius.

The AnswersisD

P3-18, AASHTO Geometric Design-Green Book 2011, 2011, 6 ed.
This is the definition in AASHTO code.
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32)  Spiral (transition) curves

A) are never used.

B) have a particular radius.

C) are used to produce a transition between two tangents.

D) are used to produce a gradual transition from tangents to circular curve.

The Answersis D

P3-59, AASHTO Geometric Design-Green Book 2011, 2011, 6" ed., 3.3.8.

This is the definition for the spiral curve.
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33)  Which one has more pressure at the depth of h?

k ‘! ‘
h h h
i i ) i

O)]

A) B)

D) They have equal pressure

The AnswersisD

According to the fluid mechanic principles, the pressure is not related to the shape, so at
the depth of “h” the amount of pressure is the same for all shapes.
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34) A 3h storm over a 150 km? area produces a total runoff volume of 7*10° m?
With a peak discharge of 360 m?/Sec. What is the total excess precipitation?

A) 1.4cm
B) 2.6 cm
C) 3.6 cm
D) 4.6 cm

The AnswersisD

According to the unit hydrograph definition:

V=total volume of runoff = Ad(area of the drainage watershed) * Pave(average
precipitation)

Pave= V/Ad = 7*10% (150)*10° = 0.046 m = 4.6 cm
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35) A 3h storm over a 150 km? area produces a total runoff volume of 7*106 m* with
a peak discharge of 360 m3/Sec. find the unit hydrograph discharge?

A) 78 m¥s.cm

B) 120 m¥s.cm
C) 210 m¥s.cm.
D) 260 m*s.cm

The Answersis A

According to the unit hydrograph definition:

V=total volume of runoff = Ad(area of the drainage watershed) * Pave(average
precipitation)

Pave= V/Ad = 7*10% (150)*10° = 0.046 m = 4.6 cm

Hydrograph

A Rainfall
=
S 4
o Peak Discharge
s
E
E Timg' Lag

>
Time 1998, Alan J. Scott

Qp.unit= Peak discharge/Pave = 360/4.6 = 78.2
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36)  What is the flow rate for a street V channel finished (clean) concrete channel with
a width of 1°, channel slope of 0.5%, with a “normal” water depth of 0.5°?

A) 0.55 cfs
B) 1.20 cfs
C) 0.25 cfs
D) 2.41 cfs

The Answersis A

V = E“} R:/Iisl/z
n
nis 0.015,

hydraulic radius= (d Cos a)/2

a = Arch tan (0.5/0.5) =45°

So, HR = 0.5* (cos 45)/2=0.176
d=0.5’

S is 0.005 ft/ft, so

V =2.2 ft/sec

Q =V*A=2.2 ft/sec*(0.5%0.5)/2*2 sq.ft. = 0.55 cfs
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37)  Rainfall intensity is

A) The amount of precipitation per second.

B) The runoff after a rainfall.
C) The amount of precipitation per hour.
D) The design storm.

The AnswersisC

This is the definition.

58



The (xper 'f
Practice Problems El@p b PE Style Exam (AM)

38)  What is the definition According to the US environment protection (EPA) which
area needs permit for the land disturbing and it will called as “disturb™?

A)10 or more acres B) 1 or more acres

C) 100 or more acres D) 1000 or more acres

The AnswersisB

US environment protection (EPA) effective March 10, 2003 any activity in the area of 1
or more acres needs NPDES (National Pollutant Discharge Elimination System) permit.

59



The (xper 'f
Practice Problems El@p b PE Style Exam (AM)

39) 8 MGD (million gallon per day) of water flows into the new schedule-40 steel
pipe network as shows below. Find the rate of flow in the upper branch.

87, L=200", C80

D=8”,L=1501

»
»

4”, L= 100, C=100

A) 1.1 MGD
B) 6.2 MGD
C) 5.0 MGD
D) 1.95 MGD

The AnswersisB

Parallel pipes have three principles that govern the distribution of flow between the two
branches. 1- head loss are the same for each branch 2- head loss at each junction is the
same as each branches, 3- the total flow rate is the sum of the flow rates in the two
branches. According to the 3™ principle, Vi= Va+ Vb

So:

Diameter = 8 flow area = 50.24 in?

Diameter = 4” flow area = 12.56 in?

Using the Hazen-Williams expression for the velocity of flow in the pipe:
V= (0.55CD%*63nf0-34)/L.0->4

V1=0.55 * 80 * (8/12)%63 * hf3* /200034 = 1.95 hf*>*

The same for lower branch:

V2=2.28 hf®*

. hf1=hf2

VI*A1/V2*A2 =(1.95 * 50.24) / (2.28%12.56) = 3.42, V2=0.29 V1

Vt=V1+V2=VI1.A1+0.29 VI.A2 = 1.29 V1.A1=1.29 QI, then Q1= 5MGD/1.29 =
6.2MGD
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40)  In a drainage project for an underground subway station if the required amount of
well drawdown is 3 ft. in the 50 ft. depth of the aquifer. The hydraulic conductivity is
given equal to 120 gal/(day-ft*), well radius is equal to 0.3 ft. and the water table recover
at radius of 1000 ft. find the required pumping flow rate ?

A) 13524 gal/day
B) 71020 gal/day
C) 18520 gal/day
D) 5624 gal/day

The Answersis A

Q_HM%—%)
= —L T
n(rZ
Where, K= hydraulic conductivity = 120 gal/ (day-{t2)
For the maximum drawdown of well we need to check it at the well center, so:

yl=5 ft. and, y2=50-3 =47 ft.

Since we want to find the Q at the center of well we do not need the information about
the radius of well and radial distance and r1=r2

_ m120(50% —47%)

1000
In(53~

= 13524.17 gal/day
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1) Find the net excavation in cubic yard.

STA 12+10
{m) Fllﬁm:lmn
STA 12+40
_‘ij f Fill= 0, C= 60 cf
() C‘u;srcuun

STA 12+70

(c}muluﬂu section Fill = 35 cf, C=20 cf

A) 31 B) 10 C) 20 D) 50
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2) The elevation of station C is given equal to 01+20. If the back sight on A is 3.5 ft.
and the foresight for C in 5.1, another foresight reading on B shows 2.2 ft. Find the
elevation of the point B.

A) 1420.5 B) 1+22.9
C) 1+17.1 D) 1+18
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3) For the pre-stressed concrete bridge girder which one is the most likely closer to
the required volume of concrete for this girder if the length of girder is given equal to 30
ft. Height = 3 ft.

HEIGHT

A)3.95 cf

B) 152.3 of
C) 118.8 cf
D) 145.8 cf

4) A precast concrete wall with the thickness of 8”, height of 8 and width of 6°. A
hauler truck should carry these precast walls. The capacity of the hauler is 20 US tons.
How many pieces of wall can be transported by the hauler?

A) 10 B) 8
C) 12 D)3
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5) A project is described by the following precedence table. The project manager
wants to decrease the normal project time by 4 days. Most nearly, how much will it cost
to reduce the project completion time by three days?

Activity Predecessors Normal Crash Normal Crash

time (days) time cost daily | cost daily

A - 8 6 50 100

B A 2 1 80 140

C A 6 4 80 100

D B 2 1 100 150

E C 6 3 90 200

F E 3 1 80 160

G D,F 4 2 120 300
A) $200 B) §120
C) $180 D) $140

66



The (xper 'f
Practice Problems El@p b PE Style Exam (AM)

6) The amount of sales for contract has given equal to $1,000,000 including
$100,000 for tax and $70,000 for the insurance. At the end of the project contractor has
owned $50,000 of equipment and tools (assets) in addition $400000 assets that he does.
Contractor paid $650,000 for the man power, equipment, and materials for this project.
Find the gross profit, operation profit, net profit, and return on assets.

Choice Gross profit Operational Net profit Return on
profit assert
A 18% 40% 83% 35%
B 35% 83% 18% 40%
C 40% 18% 35% 83%
D 83% 35% 40% 18%

7) The test strength of the 4 by 8 in. cylinder sample is taken as the average of the
strength of

A) 2 specimens
B) 3 specimens
C) 4 specimens
D) 5 specimens
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8) For the scaffolding as shown in the picture estimate the axial force in the
bracings.

A) 200 Ib.
B) 1411b

C) 100 Ib.
D) 282 Ib.

9) In a proctor test the maximum dry density is given equal to 125 lb/ct with 20% of
water content. If the sample dry density of the road pavement equal to 123, what is the
amount of the relative compaction?

A) 90%
B) 95%
C) 98%
D) 100%
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10)  The water content of soil is defined as the ratio of

A) Volume of water to volume of voids in soil

B) Volume of water to volume of given soil

C) Weight of water to weight of air in voids

D) Weight of water to weight of solids of given mass of soil.

11)  Design of a footing on the loose sand requires which one of the following
activities:

A) It is not possible

B) Loose sand should always be compacted prior to put footing on it.

C) No need for compaction because we design the footing based on the soil
strength.

D) Compaction is required if the modified proctor test is less than 50% for the
natural ground.

12) A fine grained soil has a Liquid Limit (LL) of 40% and a plasticity Index of 30%.
The soil can be classified as:

A) CL
B) CI
C) CH
D) MI
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13)  The diagram below shows the results of a standard compaction test. The Optimum
Moisture Content (O.M.C.) of the soil is

LRSI

A) 12%
B) 17.5%
C) 18%
D) 22%

14)  The ground water level is at 9ft. below ground. What is the total stress at the
bottom of the blue clay (i.e. at 23ft. below ground)?

+
ftol Brown S1lty sand
Gs=2.65, e=058, m=20.5%
N S L e
4
ft
Y
4
Blue Clay,
ft Gs=270, n=035
'
A) 2200 psf
B) 1759 pst
C) 1200 psf
D) 1860 psf

70



»
The er |
Practice Problems El@p b PE Style Exam (AM)

15) A soil sample has 70% passing the No. 4 sieve and 10% passing the No. 200
sieve. The coefficient of uniformity is 4 and the fines are non-plastic. Classify the soil
according to the Unified Soil Classification System.

A) SP-SM
B) SW-SM
C) SP

D) GW-GM

16)  For the shown footing, find the maximum compressive stress. (P= 1000 Ib. M=
3000 Ib-ft. B=D=width of footing =9 ft.)

P
A) 60 psf
B) 30 psf mm

D) 12 pSf | |

17)  Referring to the figure, find the force in the member DB.

800N 400N

|

A) 1200 N
B) 800 N
C) 400 N 3m
D) 600 N
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18)  Referring to the figure, adding a horizontal force P at point C and considering the
combination of all loads will:

200N 400N

A) Increase the forces in |
B) Decrease the forces in
C) Increase the force in Azm
D) Decrease the force in .

b
———A%¢——| P=1000N
“‘j —
-

19)  If a design engineer wants to use one of the following sections as a simple beam,
which section has biaxial bending moment even if the load applies along the Y direction?

20)  For the beam in the referred picture which one shows the correct bending moment
diagram?

B
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21)  The rate of change of bending moment is equal to

A) Shear force
B) Slope

C) Deflection
D) None of these

22)  For an existing concrete water reservoir the contractor has tested the existing
compressive strength of concrete in 50 different location. The average of these tests
shows the value of 4.1 KSI and the standard deviation shows the value of 0.5 KSI. If the
contractor wants to take the risk of 10% for the rehabilitation of the structure, find the
target strength of the structure that should be considered for the new design? (Use normal
distribution function.)

A)3.43 KSI
B) 4.77 KSI
C) 4.1 KSI
D) 4.6 KSI

23)  Proper proportioning of concrete, ensures

A) Desired durability and workability
B) Water tightness of the structure

C) Adequate strength

D) A&C
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24)  The shear force at the center of a simply supported beam of span ! carrying a

uniformly distributed load of i per unit length over the whole span is

A\
A) Wi
W

-~

-

B)
W

0

.

D) Zero

25) A 400 ft. equal tangent crest vertical curve has a PVC station of 100+00 at 59 ft.
elevation. The initial grade is 2.0 percent and the final grade is -4.5 percent. Determine
the elevation of the high point of the curve.

PVI

PWVC: STA100+00
EL 59 ft.

A) 60.23 ft.
B) 54.00 ft.
C) 50.43 ft.
D) 104+00 ft.

26) A car is traveling at 30 mph in a county at night on a flat wet road. Find the
stopping sight distance.
A) 300 ft.

B) 197 ft.
C) 112 ft.
D) 241 ft.
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27) A roadway is being designed using a 45 mph design speed. One section of the
roadway must go up and over a small hill with an entering grade of 3.2 percent and an
existing grade of -2.0 percent. How long must the vertical curve be?

A) 115 ft.
B) 450 ft.
C) 317 ft.
D) 270 ft.

28) A horizontal curve is designed with a 1500 ft. radius. The tangent length is 400
ft. and the PT station is 20+00. What is the PI station?

A) 16+16.3
B) 12+16.3
C) 12+18.2
D) 16+18.2

29)  In the following intersections layouts, which one is strongly recommended in the
urban area and not recommended in the rural areas for the collectors.
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30) A district road with a bituminous pavement (friction coefficient=0.16) has a
horizontal curve of 500 ft. If the design speed is given equal to 45 mph find the super-
elevation.

A) 1in 10

B) 1in20

C) 1in 30

D) 1in40
31)  Design of horizontal and vertical alignments, super-elevation, sight distance and

grades, is worst affected by

32)

33)

A) length of the vehicle
B) height of the vehicle
C) width of the vehicle
D) speed of the vehicle

First operation during the detailed survey of a hill road, is

A) hydrological and soil surveys

B) adjustment of alignment along with curves
C) derivation of longitudinal and cross-sections
D) fixation of Bench Marks

A syphon is used

A) to fill up a tank with water at higher level from a lower level

B) to connect water reservoirs at different levels intervened by a hill
C) to supply water to a town from higher level to lower level

D) none of these
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34) A 2hstorm over a 111 km? area produces a total runoff volume of 4*10° m?
With a peak discharge of 260 m*/Sec. What is the total excess precipitation?

A) 1.4cm
B) 2.6 cm
C) 3.6 cm
D) 4.0 cm

35) A 2hstorm over a 111 km? area produces a total runoff volume of 4*106 m* with
a peak discharge of 260 m3/Sec., find the unit hydrograph discharge?

A) 72 m¥s.cm

B) 120 m¥s.cm
C) 210 m¥s.cm.
D) 260 m¥s.cm

36)  What is the flow rate for a rectangular finished (clean) concrete channel with a
base width of 8’, channel slope of 0.5%, with a “normal” water depth of 2°?

A) 140 cfs
B) 8.5 cfs
C) 100 cfs
D) 200 cfs

37)  The ratio of the depth of flow to the hydraulic radius for the most economical
trapezoidal section, in open channel flow is

A) 0.5
B) 1
Q) 2
D) 1.2
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38)  When does the silt fence barrier (below picture) be used for the sediment control?

A) It may be constructed of hay and it operates by intercepting and ponding
sediment-laden runoff.

B) It may be constructed of fence and it operates by intercepting and ponding
sediment-laden runoff.

C) It is a mechanical system spillway

D) It is a silt fence ditch check and shall be used at 100’ spacing.

39) 5 MGD (million gallon per day) of water flows into the new schedule-40 steel
pipe network as shows below. Find the rate of flow in the upper branch.

87, L=200", C8

D=8”,L=1510 12”.L=300

o
>

4”, L=100, C=100

A) 1.1 MGD
B) 3.9 MGD
C) 5.0 MGD
D) 1.95 MGD
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40)  Which one is not correct for design a bridge?

A) Live (truck) loads distribution is prorated to the tributary width (distance
between girders) only.

B) Truck loads shall be multiplied by the impact factor.
C) A bridge in the horizontal curve shall be designed for the centrifugal force.

D) For design of the bridge piers, all vertical and horizontal loads shall be
combined according to the AASHTO code.
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1) Find the net excavation in cubic yard.

STA 12+10

Fill = 50 cf, C=0 cf

STA 12+40
f Fill= 0, C= 60 cf

STA 12+70

] Fi[ soction

4
“i

() Cur, seclion

e Cot agndt S skt Fill = 35 cf, C=20 cf

A) 31 B) 10 C) 20 D) 50

The Answersis A

This method is used widely and most of the estimators use this method where length is
much greater than width.

Earthworks Formulas

L(A;1+4;)

Average End Formula V = >

L=Distance between A, and A,
Also, 1 mile = 5280 ft. = 1760yards and 1 yard = 3 ft.

Each station introduce with the distance from the origin in feet, so STA 12+10 means:
1210 ft. Then distance between 2 stations in this problem is given equal to 30 ft. using the
average area method:

Veut(a-b)= (0+60)/2 * 30 = 30*30 = 900 cf
Vfill(a-b)= (50+0)/2*30 = 25%30= 750 cf
Veut(b-c)= (20+60)/2 * 30 = 40*30 = 1200 cf
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Vfill(b-c)= (0+35)/2*30 = 17.5*%30= 525 cf
Total volume of excavation = 900+1200 = 2100 cf = 77.8 cy
Total volume of embankment = 750+525= 1275 cf=47.2 cy

Net excavation= excavation — embankment = 77.8 - 47.2 = 30.6 cy
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2) The elevation of station C is given equal to 01+20. If the back sight on A is 3.5 ft.
and the foresight for C in 5.1, another foresight reading on B shows 2.2 ft. Find the
elevation of the point B.

‘\

rlght aﬂgleD

A) 1420.5 B) 1+22.9
C) 1+17.1 D) 1+18

The AnswersisB

The height between two points are given equal to: Back sight (BS) - Foresight (FS) =
height, positive answer means FS is higher than the BS.

This is a tricky question! Since we have the elevation of point “C” and FS at C and B, we
can consider BS for C and FS for B and no need for the information about A, so:

BSatC=5.1FSatB=2.2
BS-FS=5.1-2.2=+2.9
Elevation at B = Elevation at C + height = 120 + 2.9 = 122.9=1+22.9
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3) For the pre-stressed concrete bridge girder which one is the most likely closer to
the required volume of concrete for this girder if the length of girder is given equal to 30

ft. Height = 3 ft.

HEIGHT

A)3.95 cf

B) 152.3 of
C) 118.8 cf
D) 145.8 cf

The Answersis C

To find the answer the section can be divided in the certain geometric shapes. Then the
area of each section can be found. Volume is equal to the area multiplied by the length of
girder. All dimensions in inches have been converted to ft by dividing by 12.
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I e
an
f
[ /2" J
? VARIES HEIGHT
—f =5
= 2
e,
712 i
? f 2-2 !
J 2 - 35
1.29°

2.5%0.5+((2.5+(6+2+2)/12)*0.5% 1.5/ 12)+(6-+(6+2+2))/12%0.5%2/12)+0.5%1.29+(6/12+2+
2/12)%0.5%3.5/12+(2+2/12)*7.5/12 = 3.95 sf

Volume = 3.95*%30=118.725 cf
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4) A precast concrete wall with the thickness of 8”, height of 8 and width of 6°. A
hauler truck should carry these precast walls. The capacity of the hauler is 20 US tons.
How many pieces of wall can be transported by the hauler?

A) 10 B) 8
C) 12 D)3

The AnswersisB

Concrete density is equal to 150 pcf, ASCE 7-10, table C3. So the weight of each piece
will be equal to:

W= 150 * (8/12 * 8 * 6) = 4800 lbs
1 US Ton = 2000 Ibs, each wall = 4800/2000=2.4 ton,
Therefore; 20/2.4 = 8.33, so the truck can take 8 walls.
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5) A project is described by the following precedence table. The project manager
wants to decrease the normal project time by 4 days. Most nearly, how much will it cost
to reduce the project completion time by three days?

Activity Predecessors Normal Crash Normal Crash

time (days) time cost daily | cost daily

A - 8 6 50 100

B A 2 1 80 140

C A 6 4 80 100

D B 2 1 100 150

E C 6 3 90 200

F E 3 1 80 160

G D,F 4 2 120 300
A) $200 B) §120
C) $180 D) $140

The AnswersisD

According to the table the CPM chart represents the following free floats:

A —ep| CI™===p| E > | F
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Free floats are:

Path 1: A-B-D-G=16

Path 2: A-B-D-E-F-G=25

Path 3: A-C-E-F-G= 27 critical path

In order to reduce the overall project duration by 4 days, the most inexpensive operation
is to allocate additional resources (crash) to activities C, D, and A.

For 4 days we can consider C for 2 days and A for the other 2 days. So
The critical path with be equal to 27-4 = 23 days.

The additional costs will be equal to:

For C: 100-80 = $20 daily, 2*20=$40 for two days

For A: 100-50 = $50 daily, 2*50=$100 for two days.

The total additional cost due the project crash = 100+40= $140
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6) The amount of sales for contract has given equal to $1,000,000 including
$100,000 for tax and $70,000 for the insurance. At the end of the project contractor has
owned $50,000 of equipment and tools (assets) in addition $400000 assets that he does.
Contractor paid $650,000 for the man power, equipment, and materials for this project.
Find the gross profit, operation profit, net profit, and return on assets.

Choice Gross profit Operational Net profit Return on
profit assert
A 18% 40% 83% 35%
B 35% 83% 18% 40%
C 40% 18% 35% 83%
D 83% 35% 40% 18%

The AnswersisB

Net income= 1000000-650000-100000-70000 = $180000
Total Assets = $50000+400000=$450000
Return on assets=net income/total assets = 180000/450000= 0.4*100= 40%

Operation profit margin ratio = earnings before interest and taxes/sales= (1000000-
100000-70000)/1000000=0.83*100= 83%

Net profit margin ratio=net income/sales = 180000/1000000=0.18*100 = 18%

Gross profit margin ratio = gross profit/sales= (1000000-650000)/1000000=
0.35*100=35%
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7) The test strength of the 4 by 8 in. cylinder sample is taken as the average of the
strength of

A) 2 specimens
B) 3 specimens
C) 4 specimens
D) 5 specimens

The AnswersisB

P70-71, ACI 318-08, 5.6.2.1 and 5.6.2.4.

Based on the code instructions, 3 specimens are required for the 4 by 8 in cylinder
samples and 2 for the 6 by 12 in.
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8) For the scaffolding as shown in the picture estimate the axial force in the
bracings.

A) 200 Ib.
B) 1411b

C) 100 Ib.
D) 282 Ib.

The AnswersisB

Height = 10°, width = 10°, so the angle of bracing is equal to:
Arc tan (10/10) = 45 degree
F= (200/2(since there are 2 bracings)) / Cos 45 = 141.4 1b. say 141 1b.
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9) In a proctor test the maximum dry density is given equal to 125 1b/cf with 20% of
water content. If the sample dry density of the road pavement equal to 123, what is the
amount of the relative compaction?

A) 90%
B) 95%
C) 98%
D) 100%

The AnswersisC

RC or relative compaction is the relation between dry density of the specimen to the
maximum dry density. Maximum dry density can be obtained through test in the lab by
adding the certain amount of water. So in fact the water content is just the additional data.

So, RC=123/125*100 = 98.4%
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10)  The water content of soil is defined as the ratio of

A) Volume of water to volume of voids in soil

B) Volume of water to volume of given soil

C) Weight of water to weight of air in voids

D) Weight of water to weight of solids of given mass of soil.

The AnswersisD

This is the definition for the water content.

w= mw/ms * 100%
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11)  Design of a footing on the loose sand requires which one of the following
activities:

A) It is not possible

B) Loose sand should always be compacted prior to put footing on it.

C) No need for compaction because we design the footing based on the soil
strength.

D) Compaction is required if the modified proctor test is less than 50% for the
natural ground.

The Answersis D

The compaction is required if the modified proctor test RC<50% for the natural ground or
RC<90% for the compacted fills. Choice B is not correct because it is not always required
and the RC value should be evaluated.
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12) A fine grained soil has a Liquid Limit (LL) of 40% and a plasticity Index of 30%.
The soil can be classified as:

A) CL
B) CI
C) CH
D) MI

The Answersis A

For the fine grained soil according to the unified chart easily the soil classification can be
defined as follows:

PLASTICITY CHART
60
< 50 /,-"
Y CH| A
> 40 7 .
. ALINE:
Pl = 0.73(LL-20
Z 30 7 f ( )
E CL P MH&OH
o 20
G d
< 10— yd
a N CET TV [VTF: o1
% 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT (LL) (%)

So the soil is classified as CL.
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13)  The diagram below shows the results of a standard compaction test. The Optimum
Moisture Content (O.M.C.) of the soil is

LRSI

1213 14 15 16 17 18 19 20 21 12

A) 12%
B) 17.5%
C) 18%
D) 22%

The AnswersisB

A typical proctor test curve shows the moisture content with the optimum water content
to make the zero air void and maximize the compaction effects. So, to find the optimum
water content the highest amount of density which represents compaction shall be
considered.

So, the maximum density happens when the water content is 17.5%.
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14)  The ground water level is at 9ft. below ground. What is the total stress at the
bottom of the blue clay (i.e. at 23ft. below ground)?

+
ftol Brown Silty sand
Gs=2.65, e=0.58 m=20.5%
N T L e
4
ft
W
4
Blue Clay,
ft G5=270,n=035
Y
A) 2200 psf
B) 1759 psf
C) 1200 psf
D) 1860 psf

The AnswersisB

To solve the problem, the amount of density for each layer shall be estimated.

For the first layer (Brown Silty Sand):

= 2.65 % 62.4—— = 104.65 lb/cf

(1+e) 140.58

Pwet = Pary(1 +m) = 104.65 * (1 + 0.205) = 12532 lb/cf

Pary = GS.py

For the second layer (Blue Clay):

n 0.35

“d-m - (=035 238

e

1 1
= 270%624————— =109.54 Ib
d+e) "o 110538 /et

Pary = GS. pw
Effective stresses are equal to:

No effective stress for the first layer shall be considered since it is not saturated, but for
the next two layers which are located below water table the effective stress can be
estimated. Water density = 62.4 lb/cf.

So, the effective stress = total stress — pore pressure

O(0—9) = Yh = 12532+ 9 = 1127.88 psf
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O(9-15) = Yh = 104.65 % 6 — 62.4 % 6 = 253.5 psf
O(15-23) = Yh =109.54 * 8 — 62.4 x 8 = 377.12 psf

Effective Stress = 1127.88+253.5+377.12 = 1758.5 psf
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A soil sample has 70% passing the No. 4 sieve and 10% passing the No. 200
sieve. The coefficient of uniformity is 4 and the fines are non-plastic. Classify the soil
according to the Unified Soil Classification System.

A) SP-SM

B) SW-SM
C) SP

D) GW-GM

The Answersis A

According to the Unified Soil classification table the soil can be classified as SP-SM.

the below table.

10% passing Sieve #200

Unified soil classification [Casagrande (1945)]

70% passing through #4 means less than 50% on #4

<

<«

Group
Major divisions symbasls Apﬂ— Laberatory classification criteris
- 1 graded gravels, D Frin
K = E GW jpravel-sand M, O, = =2 greater than 4; ©, = ————— between 1 and 3
s _| & [ e or oo fines . Dio Dy % Dy
e g
- Tou 52 Poorly graded gravels, ;
A ulOE ¥ pravel-sand micnaes, % Mot meesing O, or O, requircmenis for GW
R = litzle o B fimes. - 5
2|z 58 :
| 522 £ d B ES o W
35| 8:% Au- | ” | sty gravels pavelsnd- | 23 # | Anterberg lmits bebow “A" | | jmive plorring in hatched
§. .E: 255 = il i xires -’; i line ar Iy less thap 4 zone with £, between &
45 !;ﬁ E“ 515 E | terbery bmits above =" ot rﬁ”n(
T8 i Y £ Chayey gravels, aived 3 i, = erberg finits above Cases requiring use
§ E’ = E GC cand ciay E E; 3% ::anlm Ie gremter dual symbwls,
E-| = T
Fn.n y % sge= E
= Well-prasded sams, SEazz 3 5
%- s fl 5k sw gravelly candic limteor |2 2 2 %o 2 | €= 2 presterthan 6 C, = =227 herwesn 1 and 3
83| iz oo fncs FE2Eds| " ow D * D
[ = R Py
= = =A ¥ T
2| = 2 é; Proxly praded sand. 2z 334
E E. 5 P o velly sandc et or - EE .Nntmu'nglf_.oﬁ’.‘, requirements for SW
w BT = hw
s EERae ﬂ
£ 138 — 52353
: ;"é Ez E E_g ‘E.E'E .a.n_crbm-,glimjl.-ibekrw"h" Limits photting in hatched
_Ej 8= EF s B lime ar Jp bess than & zane with Ix besween 4
ég g ii = = and 7 are bonderline
] = Gises requiring use of
= EE% & dusall symbols,

Uniformity is 4

the fines are non-plastic

See

10% passing means more than 50% larger than #200 sieve and 70% passing from #4
means more than half is smaller than #4 so the soil can be (SW, SP, SM, or SC). The
uniformity of 4 shows the soil is classified between SP-SM because it is not between 1

and 3 or greater than 4. So, clearly from these information the soil is SP-SM.
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16)  For the shown footing, find the maximum compressive stress. (P= 1000 Ib. M=

3000 Ib-ft. B=D=width of footing =9 ft.)

A) 60 psf
B) 30 psf /J’\M

D) 12 pSf | |

The AnswersisC

To find the stresses under the foundation three different conditions might be happened

which are shown in the below picture.

Breadth of footing = B Eccentricity (&) = A

T o (5

- -

So, the eccentricity is equal to:
e= M/P =3000/1000 =3 > D/6 =9/6=1.5
So, the method in “C” shall be used because the footing has tension.

Y=3(9/2-3) = 45 Stress = 2*1000/(9*4.5)=  49.38

100

psf



»
The er ]
Practice Problems El@p - o PE Style Exam (AM)

17)  Referring to the figure, find the force in the member DB.

800N 400N
A) 1200 N : fo___1ic
B) 800 N HEJ =
C) 400 N 3m 52
o
D) 600 N = |
a am am

The AnswersisB

The member DB is perpendicular to ED and DC, so with no calculation, XFy=0, then F
pB = 800N.
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18)  Referring to the figure, adding a horizontal force P at point C and considering the

combination of all loads will:

A) Increase the forces in |
B) Decrease the forces in
C) Increase the force in Azm
D) Decrease the force in .

The AnswersisB

This load combination shows:

The effect of vertical forces create tension force in the EC and the P force creates
compression. Tension force = (800*3+400*6)/3 = 1600 N, adding a 1000 N compressive
force will decrease the force in EC without effect on AC. So, the actual force in EC after

combination is: 1600-1000=600 N
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19)  If a design engineer wants to use one of the following sections as a simple beam,

which section has biaxial bending moment even if the load applies along the Y direction?
Y t y t i

The AnswersisC

Angles have 2 principle axis other than the X and Y axis, because are asymmetric
sections. So, when a load applies in Y direction, because of the angle between principle
axis and Y axis, forces will be apply on both axis and create the biaxial forces and thus
biaxial bending moment.
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20)  For the beam in the referred picture which one shows the correct bending moment
diagram?

: ; l '" ; Az 5 | .

A B
{E) vl {E)
C D

The AnswersisC

Forces are applied at the end of the overhangs and creates equal amount of the bending
moment at the end of the beam. So, “C” is correct.
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21)  The rate of change of bending moment is equal to

A) Shear force
B) Slope

C) Deflection
D) None of these

The Answersis A

This is the definition in the strength of materials. Slope= dy/dx (derivation of deflection
y), Bending Moment = M = ds/dx (derivation of slope), Shear force= dM/dx (derivation
of bending moment),

So the shear force is the rate of changes (differential) of the bending moment.
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22)  For an existing concrete water reservoir the contractor has tested the existing
compressive strength of concrete in 50 different location. The average of these tests
shows the value of 4.1 KSI and the standard deviation shows the value of 0.5 KSI. If the
contractor wants to take the risk of 10% for the rehabilitation of the structure, find the
target strength of the structure that should be considered for the new design? (Use normal
distribution function.)

A)3.43 KSI
B) 4.77 KSI
C) 4.1 KSI
D) 4.6 KSI

The Answersis A

P67, ACI 318-08, 5.3.2.1
The required compressive strength for the f°c<5 KSI is given by the following formula:
f'ep = f'c + 1.34S;

Ss = to the standard deviation of the samples and 1.34 according to the normal
distribution function represents the 90% success in the samples and 10% failure. That
formula is used for design the concrete mixes and so, the safety margin in concrete mixes
will be 1.34 Ss. Inversely for the existing structures the formula should be written as:

f, =f.— 1.34S,

This will give the safety factor with the 90% probability of success for the existing
concrete, because for the existing concrete the 1.34Ss will make the safety margin and the
existing average should be decreased prorate to the probability of failure.

So:
for =41 —134%0.5=3.43 KSI

Note: in the normal distribution function, for Z=1.34, the probability of success is given
as 0.9099. (See next page.)
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23)  Proper proportioning of concrete, ensures

A) Desired durability and workability
B) Water tightness of the structure

C) Adequate strength

D) A&C

The AnswersisD

P63, ACI318-08, 5.1.1

This is the general definition in the code that the proportioning of the concrete shall
maintain the required strength, durability and workability. Water tightness may be
considered as an additional requirements that may be maintained by using some
admixtures.
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24)  The shear force at the center of a simply supported beam of span ! carrying a

uniformly distributed load of i per unit length over the whole span is

A) Wi
i

B) *?
W

0

-

.

D) Zero

The AnswersisD

The shear force diagram for the simple beam is shown in the figure, so the shear force =
0.

w/langth

Wi Wi
4 | 2

W
- \% % £ F.Diagram
-— 3

'\"..II-‘/8

B.M.Diagram
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25) A 400 ft. equal tangent crest vertical curve has a PVC station of 100+00 at 59 ft.
elevation. The initial grade is 2.0 percent and the final grade is -4.5 percent. Determine
the elevation of the high point of the curve.

PV —

PWVC: STA100+00
EL 59 ft.

A) 60.23 ft.
B) 54.00 ft.
C) 50.43 ft.
D) 104+00 ft.

The Answersis A

P3-149, AASHTO Geometric Design-Green Book 2011, 2011, 6™ ed., 3.4.6.

400 ft. vertical curve, therefore:
» PVlIisat STA 102+00 and PVT is at STA 104+00

Elevation of the PVI is 59’ + 0.02(200) = 63 ft.
Elevation of the PVT is 63° — 0.045(200) = 54 ft.

High point elevation requires figuring out the equation for a vertical curve
« Atx=0,y=c=>c=59ft.
 Atx=0,dY/dx=b=G, =+2.0%
*+ a=(G,-G)2L=(-4.5-2)/(2(4)) =-0.8125
e y=-0.8125x +2x+59
» High point is where dy/dx = 0
e dy/dx=-1.625x+2=0
* x=1.23 stations
Find elevation at x = 1.23 stations

e y=-0.8125(1.23) +2(1.23) + 59
. y=60.23 ft.
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26) A car is traveling at 30 mph in a county at night on a flat wet road. Find the
stopping sight distance.

A) 300 ft.
B) 197 ft.
C) 112 ft.
D) 241 ft.

The AnswersisB

P3-2, AASHTO Geometric Design-Green Book 2011, 2011, 6" ed., 3.2.2.

According to the AASHTO 2004 code, the stopping sight distance for horizontal curves is
equal to:

2

30(0.347 + G)

S =147.(2.5).V +

G is the slope of the road, for the flat road =0
Friction coefficient = f=0.1

V=30 mph

S=1.47.2.5.30+30%(30*%0.347) = 196.71 ft.
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27) A roadway is being designed using a 45 mph design speed. One section of the
roadway must go up and over a small hill with an entering grade of 3.2 percent and an
existing grade of -2.0 percent. How long must the vertical curve be?

A) 115 ft.
B) 450 ft.
C) 317 ft.
D) 270 ft.

The AnswersisC

P3-149, AASHTO Geometric Design-Green Book 2011, 2011, 6™ ed., 3.4.6.

The K-value method of analysis used in the green book is a simplified method of
choosing a stopping sight for the crest vertical curve.

o L L
G, =G| A

For 45 mph we get K=61, therefore L = KA = (61)(5.2) =317.2 ft.
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28) A horizontal curve is designed with a 1500 ft. radius. The tangent length is 400
ft. and the PT station is 20+00. What is the PI station?

A) 16+16.3
B) 12+16.3
C) 12+18.2
D) 16+18.2

The AnswersisD

P3-18, AASHTO Geometric Design-Green Book 2011, 2011, 6" ed., 3.3.
Since we know R and T we can use T = R.tan(delta/2) to get delta
400=1500 tan(delta/2) then delta = 29.86 degrees

D =5729.6/R. Therefore D = 3.82

L =100(delta)/D = 100(29.86)/3.82 = 781 ft.

PC =PT-PI=2000—781=12+18.2

PI=PC+T=12+18.2 +400 = 16+18.2.

Note: cannot find PI by subtracting T from PT! PC.51a.=PI Sta - T
RT. Sta = PC Sta.t L

Deflection angle from fangent
to chord is helf the central
c(nale of the subterded arc.

_ Are length D
Def Angle= — 55 *

113



»
The er ]
Practice Problems El@p - o PE Style Exam (AM)

29)  In the following intersections layouts, which one is strongly recommended in the
urban area and not recommended in the rural areas for the collectors.

The AnswersisC

P10-1, AASHTO Geometric Design-Green Book 2011, 2011, 6" ed., 10.2.

According to the AASHTO definitions, the full and half cloverleaf intersections and
trumpet are recommended for the rural highways (A, B, and D), and the diamond (C) is
recommended for the urban.
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30) A district road with a bituminous pavement (friction coefficient=0.16) has a
horizontal curve of 500 ft. If the design speed is given equal to 45 mph find the super-
elevation.

A) 1in 10
B) 1in20
C) 1in30
D) 1in 40

The Answersis A

P3-43, AASHTO Geometric Design-Green Book 2011, 2011, 6" ed., 3.3.5.
For 45 mph, f=0.16

R, = V2/15(f+e) or e +f=V?15R, then: e (super elevation) = 45"2/(15*%500)-0.16 =
0.11 say 0.1
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31)  Design of horizontal and vertical alignments, super-elevation, sight distance and
grades, is worst affected by

A) length of the vehicle
B) height of the vehicle
C) width of the vehicle
D) speed of the vehicle

The AnswersisD

P3-18, AASHTO Geometric Design-Green Book 2011, 2011, 6 ed.

This is the definition in AASHTO code. Super elevation, curves, stopping sight distance
are all have relation with the speed of vehicle. There is no relation between them and the
choices A, B, and C.
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32)  First operation during the detailed survey of a hill road, is

A) hydrological and soil surveys

B) adjustment of alignment along with curves
C) derivation of longitudinal and cross-sections
D) fixation of Bench Marks

The Answersis D

This is the definition in job site and surveying order. It is required to first fix the Bench
Marks (BM) according to local agencies files. B and C will be conducted with reference
to the BMs. A is an individual action but to do so, the proper location for tests shall be
chosen based on the BMs.
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33) A siphon is used

A) to fill up a tank with water at higher level from a lower level

B) to connect water reservoirs at different levels intervened by a hill
C) to supply water to a town from higher level to lower level

D) none of these

The AnswersisB

A siphon is a bent or curved tube that carries fluid from a container at a high elevation to
another container at lower elevation however, the fluid seems to flow “uphill” in a
siphon. See the following picture.

Pond Siphon System

o
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34) A 2hstorm over a 111 km? area produces a total runoff volume of 4*10° m?
With a peak discharge of 260 m*/Sec. What is the total excess precipitation?

A) 1.4cm
B) 2.6 cm
C) 3.6 cm
D) 4.0 cm

The AnswersisC

According to the unit hydrograph definition:

V=total volume of runoff = Ad(area of the drainage watershed) * Pave(average
precipitation)

Pave= V/Ad = 4*10% (111)*10° = 0.036 m = 3.6 cm
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35) A 2hstorm over a 111 km? area produces a total runoff volume of 4*106 m® with
a peak discharge of 260 m3/Sec., find the unit hydrograph discharge?

A) 72 m¥s.cm

B) 120 m¥s.cm
C) 210 m*s.cm.
D) 260 m¥s.cm

The Answersis A

According to the unit hydrograph definition:

V=total volume of runoff = Ad(area of the drainage watershed) * Pave(average
precipitation)

Pave= V/Ad =4*10% (111)*10°=0.036 m = 3.6 cm

According to the unit hydrograph definition:

Hydrograph

A Rainfall
=
S 4
o Peak Discharge
8
E
E Timg' Lag
) P ——

>
Time 1998, Alan J. Scott

Qp,unit= Peak discharge/Pave =260/3.6="72.2
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36)  What is the flow rate for a rectangular finished (clean) concrete channel with a
base width of 8°, channel slope of 0.5%, with a “normal” water depth of 2°?

A) 140 cfs
B) 8.5 cfs
C) 100 cfs
D) 200 cfs

The Answersis A

_ 149

n

14 R%/a q1/2

nis 0.015, Rhis 8*2 sq.ft./(2+8+2) ft, S is 0.005 ft/ft, so
V =8.5 ft/sec
Q =V*A= 8.5 ft/sec*16 sq.ft. = 140 cfs
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37)  The ratio of the depth of flow to the hydraulic radius for the most economical
trapezoidal section, in open channel flow is

A) 0.5
B) 1
C) 2
D) 1.2

The AnswersisC

The most efficient open channel cross section will maximize the flow for the given
Manning coefficient, slope, and flow area. The most efficient trapezoid channel is always
one which the flow depth is twice the hydraulic radius. If the side slope is adjustable, the
sides of the most efficient trapezoid should be inclined at 60 degree.
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38)  When does the silt fence barrier (below picture) be used for the sediment control?

A) It may be constructed of hay and it operates by intercepting and ponding
sediment-laden runoff.

B) It may be constructed of fence and it operates by intercepting and
ponding sediment-laden runoff.

C) It is a mechanical system spillway

D) It is a silt fence ditch check and shall be used at 100’ spacing.

The AnswersisB

Choice “A” is the definition for bale slope barrier, “C” is the definition of a spillway, “D”
is the ditch with silt fencing. The barrier should be used at the toe of a slope when the
ditch does not exist.
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39) 5 MGD (million gallon per day) of water flows into the new schedule-40 steel
pipe network as shows below. Find the rate of flow in the upper branch.

87, L=200", C8

D=8”,L=1510 12”.1=300

4”, L= 100, C=100

a. MGD
B) 3.9 MGD
C) 5.0 MGD
D) 1.95 MGD

The AnswersisB

Parallel pipes have three principles that govern the distribution of flow between the two
branches. 1- head loss are the same for each branch 2- head loss at each junction is the
same as each branches, 3- the total flow rate is the sum of the flow rates in the two
branches. According to the 3™ principle, Vi= Va+ Vb

So:

Diameter = 8” flow area = 50.24 in?

Diameter =4” flow area = 12.56 in?

Using the Hazen-Williams expression for the velocity of flow in the pipe:
V= (0.55CD"3h{0-54)/1.0-54

V1=0.55 * 80 * (8/12)%63 * hf*>*/200%*= 1.95 hf*>*

The same for lower branch:

V2=2.28 hf’>*

. hf1=hf2

VI*A1/V2*A2 = (1.95 * 50.24) / (2.28*%12.56) = 3.42, V2=0.29 V1

Vt=V1+V2 =VI1.A1+0.29 V1.A2 = 1.29 V1.A1=1.29 Q1, then Q1= 5MGD/1.29 =
3.87MGD
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40)  Which one is not correct for design a bridge?

A) Live (truck) loads distribution is prorated to the tributary width (distance
between girders) only.

B) Truck loads shall be multiplied by the impact factor.

C) A bridge in the horizontal curve shall be designed for the centrifugal
force.

D) For design of the bridge piers, all vertical and horizontal loads shall be
combined according to the AASHTO code.

The Answersis A

P4-33, AASHTO LRFD Bridge Design Specification 2010, 5" ed. 4.6.2.

Live load distribution is prorated to the tributary width, slab, and girders’ stiffness in the
AASHTO bridge design manual, 2010. Dead loads are distributed only with the tributary
width. So A is not correct. All other choices are definitions and correct.
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1) For the given following data on precedence relationship and duration network, find the
project duration (total float) by using the critical path method (CPM).
Activity Description Predecessors Duration
A Field Surveying - 10
B Soil studies - 15
C Conceptual design A 12
D Structural Basic A 14
design
E Architectural Basic B,C 20
Design
F Landscape Basic B,C 10
Design
G Structural Detail D.,E 10
Design
H Architectural Detail D.,E 20
Design
| Material take off F.G 5
A) 116 B) 44
C) 57 D) 55
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2) A surveyor recorded the following leveling measurements. Then he changed the position
of the level with the new height of the level and read 2 new numbers for the BS and FS for the
same spots (A&B) that he read in the first measurements. If the height of level in the first
measurement was 3.5 ft and in the second reading was 4.5 ft, find the elevation of “B” for both

measurements.
Station BS | FS Hl=2Z,+BS
Z,=HI-FS
A, Elevation = 130 33
B 1.5
A) 1+30 B) 1+31.2
C) 1+33 D) 1+31.8
128
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3) You are a contractor and have made a bid sheet for a construction project as follows.
Excavation for this project is to occur in the winter meaning it will take more time for the

crew to complete this task. You have calculated that this extra time will increase the labor

cost by 27%. How much are you charging the client for the excavation work given the new
situation?

Project: Holloman Taxiways and Aprons

RECAP SHEET FOR UNIT PRICE BID

Bid Date: Ausust 9, 20—

Eztimator: GAS

I;_E: Bid Item Unit Ié::if Labar Cozt Iq“g;e’“ M::‘::’l 5“"2“;‘:““ Direct Coat — Bid —

1 |Clearing ls. job 511,097 ; ; 516236 520,132.64 520,133
2 |Demolition 1s. job §7.383 ; ; $13.108| 51623516 516,255
3 |Excavation ev. | 127.000 5175.194 ; ; 5250,830| 5311.028.20|  5311,028
4 |Bass Course ton 79,500 $651.995|  $139.479 . $1,164,144(51,443.538.56| 51,443,539
5 |Conersts Pavement, 9" s 50,000 5202708 791063 ; $1,595.566|52.474.501.84| 52,474,502
6 |Conersts Pavement, 11" .. 115,400 5318252 51,241,967 . $3,133,038/53,384,967.12| 53,854,967
7 |Asphalt Concrate Sucface | ton 150 $1.304 $2,208 ; 54547  ss63828 53,638
8 |Conersts Pigs, 12" 1f 1,000 §5.439 515,477 ; 526,088 532,362.76 532,363
9 |Concrste Pipe, 36" 1f 300 $3.756 $6,809 . $13.502| %16.742.48 516,742
10 |Intat . 2 5164 5801 ; 51076 5133424 51334
11 |Fiber Duct, 4-way 1 600 510,367 $5,126 . $18,771| $23.276.04 523,276
12 |Fiber Duct, S-way 1f 1.200 520,576 516,095 ; $45.706| 53667544 536,675
13 |Elsctrical Manhole . § . . 59315 59,315|  511.550.60 511,551
14 |Undersround Cable 15 34,000 ; ; ; $255.957|  $235.957| 31738668 5317387
15 |Tasiway Lizhts . 120 ; ; ; 545,710 545710  556.680.40 536,680
16 |Apron Lights e 70 . . . 526,313 $26313| $32.628.12 532,628
17 |Taxivay marking 1s. job $3.560 5673 54,683 ; sgs1s|  s11.0%832 511,058
18 |Fencs 1 26,000 $28,506 57977 5129477 . 5165.960| 520579040 5205790
Totals $3,067,430  SL416887 S2,373185  S337298  §7,194,797 58,921,548

Job Ovarhead 5272,081

$7,466.858

Marlop, 15% $1,120.033

58,536,921

Bond 571,815

Factor =58.921.548 = 1.240 58,638,736

$7.194.797 Sales Tax 5259762

Total Project Bid 58,918,498

A) $271,252
B) $318,553
C) $336,352
D) $395,007
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4) Which one is a stable structure?
o o}
777 77 77
A)
| _ |
- B S VA * .
i
B) A
ST “‘Iv-\ . /“/ B \
oae )
NPy
Vool fz\ Q
g NP o
\ N
C) i
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5) For a retaining wall with 9” height find the maximum lateral pressure on the wall forms.

A) 150 psf B) 1350 psf
C) 1500 psf D) 1000 psf

6) The following formwork should support the 22’ by 20’ slab. Find the live load from
personnel and equipment acting temporary during construction on this formwork if it is
classified as heavy duty construction.

A) LL=75 psf B) LL=73 psf
C) LL=37.5 psf D) LL=70 psf
131
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7) An auger works on the pile foundations as shown in the following picture. The pile diameter
is given equal to 4’ and pile depth is 60°. If price of auger including the freight expenses is
$1,000,000. The expected cost including 20% profit for each cubic yard is determined as
$100 per cubic yard. How many piles should this auger make to compensate the original
price from the profit?

A) 1200 pile

B) 2000 piles
C) 1786 piles
D) 2500 piles
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8) The clay stratum is shown in the profile below. It is known that the voids ratio of the red
point is 0.9. Assume the compression index is known to be 0.64. Determine the value of
pressure when voids ratio is 0.8.

Elev.: O ft.
Unit weight:
1301b/ft3
v Elev.: -30ft
DITHSIn @ FElev.: -35ft
1201b/ft3
A) 30001b/ft? B) 40001b/1t? O 60001b/ft> D) 50001b/ft

9) A shallow foundation is to be constructed below the ground surface in a uniform
cohesionless sand. It is found that the bearing capacity ratio for cohesion of soil below the
foundation, N, is 50. What is the bearing capacity ratio for the vertical effective stress at the
elevation of the foundation base, N?

A) 38 B)43 C) 60 D)74

10) In which condition the soil may have the maximum consolidation?

A) Soil with passing less than 30% from sieve #4

B) Soil with passing more than 80% from sieve #200 with high plasticity index
C) GC

D) ML
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11) As shown in the figure below, a clay layer exists between two sandy soil layers. The
underground water level is 1 m below the ground. The second sandy soil layer contains
confined water. At a point A, which is 7 m below the ground (in the second sandy soil layer),
the head of water pressure is 1 m above the ground. It is known that the unit weight of soil
above the water level is 16.5 kN/m3, the saturated unit weight of the first layer of sandy soil
below the water level is 19.2 kN/m3, the saturated unit weight of the second layer of sandy
soil is 20.2 kN/m3, the saturated unit weight of the clay soil is 18.4 kN/m3, Determine the
effective vertical soil pressure at point A.

Ho=1m 1 B B
e Y1 .

=2m 1

! - W.L Sandy soil 1
Hp=1m Yisat i
Hy=2m Y2 JL Clay
H4=2 m YSsat : l

| ea j Sandy soil 2
A) 23 kPa B) 35 kPa C) 51 kPa D) 88 kPa

12) What is the cause for the swell of soils during the excavation?

A) Occures in the clayey soil when a higher moisture content existed than pior to excavation.
B) Occures in the fine sand during excavation becasuse of increasing the void ratios

C) Occures in all type of soils due to increasing the prosity

D) Swell is just an assumption to have safety factor for the earth work estimations.
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13) An uniform desposit soil is shown in the following diagram. Information of soil in each
layer is given. Calculate the effective stress for a soil element at point A.

o
S -+

Gs=2_6' 5553%, W = 3_0%1 Ya =
14kN /m3

.
s el
¥

Hi=4m

H2=2m

A) 90kPa B) 80kPa C) 85kPa D) 75kPa

14) For the following beam if load w=3 KN/m what force should apply on BD so that the shear
Force at A is zero?

W =3 KN/m F=?
P > % > » D
4m 2m 2m
A) 24KN.
B) 44KN.
C) 64KN.
D) 84KN.
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15) In the below picture, find the maximum shear and moment in a simply supported beam that is
loaded with uniform load of wO0.

A) V=wO0L, M=w0L2/4
B) V=wO0L/2, M= wO0L/8
C) V=wO0OL/2 , M=w0L2/8
D) V=2 wOL, M= w0L2/12

16) A 10 ft long simply supported concrete beam subject to a uniformly distributed load is
reinforced with two #6 bars at a depth of 13 in. The cross section is 6 in wide and 16 in tall.
The factored shear load at the supports is 6.6 kips. Assume # 3 stirrups are used for shear
support. f, = 60000 psi, fi = 4000 psi. Determine the required spacing for shear
reinforcement at the supports in the beam.

VUV VUV UV UV Y ;

h
. . ——— 2bars
o 5y
|
Length I b
A) 8in B) 44 in
C) 6.5 in D) 24 in
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17)Refer to the picture below, which pattern shows the pure shear crack in the reinforced
concrete beam test results?

A) 37 B) 18
C) 28 D) 30

18) A circular beam with 6” diameter that is 20 ft long is fixed to a wall at one end and free at
the other. A uniformly distributed load of 0.3 kip/ft respectively are applied to the beam. The
beam is fully braced. Find the maximum elastic stress.

K Length ﬂ

A) 25 KSI B) 50 KSI
C) 41 KSI D) 34 KSI
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19) A set of interior columns are being designed. The columns are continuously braced
perpendicular to the frame. The girders between the columns are W 16 X 45 members and
the Columns are W 12 X 79. The columns span 35 feet apart and are 20 feet in height.
Assume Fy = 50ksi and Fu = 65ksi. Columns are not braced in plane. The base of each
column is tied to the foundation and all other connections are rigid. Determine the available
critical stress assuming K = 1.2.

300 kips 300 kips 300kips 300 kips

A) 29.5 ksi B) 27 ksi

C) 25 ksi D) 23.5 ksi

20) A gutter at the side of a street has a curb height of 8 inches, slope along the length of the
street of 0.7%, and Manning n=0.032. The pavement slopes from the center of the street to the
gutter at 5%. What is the flow capacity of this gutter?

A) 4.9 cfs
B) 8.0 cfs
C)11.1 cfs
D) 14.7 cfs
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21) Water from a 175-ac light industrial watershed is collected and drained by a trapezoidal open
channel. The channel (Manning' roughness coefficient, n = 0.02) has a 4.5-ft-wide bottom
and 1:1 sides. The channel direction is perpendicular to a road where twin, side-by-side 54-
in-diameter corrugated metal pipe (CMP) culverts take the water under the roadway. The
average slope of the channel and culverts is 0.75% (i.e., 0.0075 ft/ft). The time for runoff
from the farthest part of the watershed to begin contributing to the flow is 35 min. - Using the
rational method and assuming the intensity after 35 min is 2 in/hr, what is the runoftf?

3 3

A) 308ZE B) 180 2%
sec sec

3 3

C) 22815 D) 340 L%
sec sec

22) A parking lot adjoining a shopping center has a surface area of 3.5 acres. A rainstorm that
delivers rainfall at a rate of 2.5 inches/hour occurs. The parking area has a runoff coefficient
C=0.7. What is the peak runoff from the parking lot during this rainstorm?

A) 0.62 cfs B) 2.5 cfs C) 6.13 cfs D) 25 cfs
23) A 10 acre basin stores approximately 7.0 inches of water. What is the runoff for the

given basin for a 2-hr storm with an average of 0.5 in/hr of rainfall?

A) 0 inches B) 0.02 inches C) 0.05inches D) 0.10 inches
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24) A horizontal pipeline carries water at a discharge of 13.5 cfs. Upstream of a contraction the
pipe diameter is 24 inches and pressure is 14 psi, while downstream of the contraction the
diameter is 18 inches. Neglecting head loss, what is the pressure downstream?

A) 11.2 psi
B) 13.7 psi
C) 14.2 psi
D) 15.9 psi

25)  Which one has more pressure at the depth of h = 10 ft? (the inclined surfaces has the
measure of angle of 60 degree.)

A)624psf B)624psf C)312psf D) 1248 psf

26) Find the bending moment in the below beam for the concentrated load given equal to 5 Kips?

A) 25 Kips-ft B) 5 kips-ft
C) 0.00 Kips-ft D) none of them
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27) An equal-tangent crest vertical curve is to connect grades of +2.0% and -3%. The design
sight distance on the curve is 645 ft. Determine the minimum length of the curve to meet the
sign distance requirement. (Assume the height of driver’s eyes above the roadway surface is
3.5 ft, and the height of object above the roadway surface is 2.0 ft.)

A) 689.50 ft B) 963.91 ft C)734.30 ft D) 878.40 ft

28) A horizontal circular curve has an intersection angle of 16°. The length of middle ordinate
(M) is 8.00 ft. The radius (ft) of the curve is most nearly

A)401.9 B) 786.4 C) 4.0 D) 822.0

141



The /1 ) »
Xpertsgs" '
Practice Problems El@p ' PE Style Exam (AM)

29) Given the following traffic count data:

Time Interval No. of Vehicles
8:00-8:15 1400
8:15-8:30 1600
8:30-8:45 2200
8:45-9:00 1800

The peak hour factor is closest to:
A) 0.795 B) 0.880
C) 0.650 D) 0.945

30) A sieve analysis on a non-organic soil reveals that 82% of the soil passes No. 200 sieve
(0.075 mm). The liquid limit of the soil is 24%, and the soil has a medium toughness and a
very slow dilatancy. Classify the soil according to the Unified Soil Classification system
(USCS).

A) GC B) ML C)CL D) CH

31) In a falling head permeability test on a soil sample, the following data are available:

Cross-sectional area of soil = 60 cm?

Length of soil = 10 cm

Initial head =120 cm

Final head = 108 cm

Duration of test = 20 minutes

Diameter of tube = 8 mm

Determine the coefficient of permeability of the soil, k.

A) 7.4 cm/sec B) 7.36 X 10~%cm/sec
C) 5.8x 10~ %cm/sec D) 4.60 X 10~®mm/sec
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32) A concrete mixture has a 60:40 ratio of coarse aggregates to fine aggregates. When mixed
separately, 2501bs of coarse aggregates are capable of fitting in a 3ft3 container and 2001lbs of
fine aggregates are capable of fitting in a 2ft3 container. Determine the bulk density of the
concrete mixture with a 50:50 ratio.

A) 801b/ft3
B) 87Ib/ft3
C) 901b/ft3
D) 97Ib/ft3

33) Find the bending moment in the below beam for the uniform load given equal to 5 Kips/{t?

A) 250 kips-ft
B) 125 kips-ft
C) 62.5 kips-ft
D) 500 kips-ft
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34) For the shown structure, the horizontal length is 10ft and vertical length is given as 8 ft. The
force applied at the mid-span and is equal to 20 Kips. The inclined support is a roller support.
Find the bending moment in the structure?

A) 50 kips-ft B) 40 kips-ft C) 0.00 kips-ft D) 60 kips-ft

35) Given a soil fill sample with a weight of 62 Ibs and a total volume of 864 in3 and a water
content of 15%, determine the percent relative compaction of the sample if the maximum dry
unit weight is 115pcf.

A) 93.8% B) 95.2%
C) 102% D) 127%

36) For the reinforced concrete slabs like the following picture, if the width is given equal to 20°,
then what would be the maximum length of the slab if the designer wants to have two way
slab and have the following reinforcement arrangement?

Length (L) Width (W) =20’

A) 40° B) 10’

C) 20° D) 50°
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37)For the following excavation shown below the contractor has used the nailing system to
secure the project. Who should be the first person for inspection of the nailing system?

]

i
]
=1
=]
=3

A) Trained person B) Site supervisor

C) Competent person D) anyone in the site with engineering degree

38) Find the zone of influence for the following excavation where there is no soldier piles.
Neglect the brick made counterforts.

Depth of excavation = 30 ft
A)22.6ft B) 30 ft C)321t D)21.2ft
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39) Refer to the figures, the net excavation (yd3) from section 78 (14+20) (100s of ft) to section
80 (15+80) is most nearly:

Cut=0.00 ft*> Fill=555.6 ft Sec. 80, 15+80

g —

13
5
4
3 -

50 -45  -40 -3 -3  -p5  -20  -IS -10 5 a8 s 10 15 20 25 30
Cut=0.00 ft* Fill=680.2 ft? Sec. 79, 15+00
1
: | |
7
3
5
4
3 -

S0 -5 -20 =35 =30 -p5 -0 -15 -10 5 LTS 10 15 20 25 30
Cut=421.3 f* Fill=0.00 ft? Sec. 78, 14+20
10
; —

7 e T
6

5

4

3

S0 -45  -40

20 29

A) 3462 B) 59788
C) 4000 D) 2214
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40) The site manager put the mark of “C” and the following numbers on the lath stake. The
ground elevation is given equal to +20.00. The surveyor measured 1’ for the distance
between horizontal line and the ground surface. With that sign what would be the final

elevation:
A)+21.90 B) +19.10
C) +17.10 D) +18.10
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1) For the given following data on precedence relationship and duration network, find the
project duration (total float) by using the critical path method (CPM).

Activity Description Predecessors Duration
A Field Surveying - 10
B Soil studies - 15
C Conceptual design A 12
D Structural Basic A 14
design
E Architectural Basic B,C 20
Design
F Landscape Basic B,C 10
Design
G Structural Detail D,E 10
Design
H Architectural Detail D,E 20
Design
1 Material take off F,G 5
A) 116 B) 44
C) 57 D) 55
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The Answersis C

This is the project scheduling problem.

The Activity on Branch representation for this project including durations is:

F-10

E-20
4 G-10

0 C-12 /
A-10 H-20

D-14

Project duration can be calculated as:

Path 0-1-2 =22

Path 0-2 = 15 <22, this is a interfering float (subsequent task)
So, the total float for 0-1-2 is 22 days

Path 2-3-4=20-+10= 30

Path 1-3=14 <20, this is a interfering float (subsequent task)
Path 2-4= 10 <30, this is a interfering float (subsequent task)
So the total float for 2-3-4 is 30 days

Path 2-3-4-5 =35

Path 1-3-5=34 <35 so the total float for 2-3-4-5 is 35 days

So the project total float (0-1-2-3-4-5) will be: 22+35= 57 days
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2) A surveyor recorded the following leveling measurements. Then he changed the position
of the level with the new height of the level and read 2 new numbers for the BS and FS for the
same spots (A&B) that he read in the first measurements. If the height of level in the first
measurement was 3.5 ft and in the second reading was 4.5 ft, find the elevation of “B” for both
measurements.

Station BS | FS HI =2Z,+BS
Zg=HI-FS

A, Elevation = 130 33

B 1.5

A) 1+30 B) 1+31.2

C) 1+33 D) 1+31.8

The AnswersisD

This is the surveying problem for the using of the level measures. The height between two points
are given equal to: Back sight (BS) - Foresight (FS) = height, positive answer means FS is higher
than the BS.

The tricky part is the height of the level does not effect on the elevation measurements, so there
is no relation between the heights of level for different readings.

Ato B=BS-FS=3.3-1.5=+1.8
Elevation at B = Elevation at A + height =130 + 1.8 = 131.8=1+31.8
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3) You are a contractor and have made a bid sheet for a construction project as follows.
Excavation for this project is to occur in the winter meaning it will take more time for the
crew to complete this task. You have calculated that this extra time will increase the labor
cost by 27%. How much are you charging the client for the excavation work given the new

situation?
RECAP SHEET FOR UNIT PRICE EID
Project: Holloman Taxiways and Aprons Bid Date: Aupust 9, 20— Eztimator: GAS |
I;_E: Bid Item Unit Ié::if Labor Cost Iq“g;e’“ M::‘::’l 5“"2“;‘:““ Direct Cost — Bid —
1 [Clearing 1l job $3,13% 511,097 - - 516,236 520,132.64 $20,133
2 |Damaolition s job £3,726 £7.383 - - 513,100 51525516 816,255
3 |Excavation . 127.000 $75,636 5175184 - - $250,830( 531102520 $311,029
4 |Basz Couvrze ton 758,500 3332670 3631995 5135475 - 51,154,144|51,443,5338.38 51,443,535
5 |Conerate Pavement, §" 5. 20,000 $1,001,795 5202708 $791,063 - S1,995366|52.474,501.84 S2474502
6 |Concrete Pavement, 11" 5. 115,400 $1,572,81% 3318232 51,241,967 - $3,133,038|53,884,967.12 53,884,967
7 |Asphalt Conerata Surface ton 150 $1,035 $1,304 $2,208 - 54,547 $5,633.28 35,638
3 |Coneratz Pips, 12" 1£ 1000 §5,183 $5.43% 15477 - 526,088 $32,362.76 $32,363
8 |Conerate Pips, 36" 1£ 300 £2,937 £3,736 26,303 - $13,502 S16,742.48 $16,742
10 |Inlat =a. 2 5111 5164 5301 - 51,076 8133424 51,334
11 |Fiber Duct, 4-way 1£ 600 83,278 510,367 $3,126 - 318,771 $23.276.04 523,276
12 |Fiber Duect, 3-way 1£ 1,200 $5.035 520,576 316,095 - 545,706 S36.675.44 336,675
13 |Electrical Manhole =a. 6 - - - 59,313 $9.313 $11,550.60 $11,551
14 |Undzrzrovnd Cable 1£ 34,000 - - - $255,957 $255.957| 5317.386.68 £317,387
15 |Taxiway Lights =a. 120 - - - 545,710 545,710 556.630.40 356,630
16 |Apron Lights 2. 70 - - - 326,313 326,313 $32.628.12 832,62
17 | Ta=mtway marking s job $3,560 3675 54,633 - 58,913 $11,058.32 511,058
1§ |Fencs 1.£ 26,000 528,506 $7.977 5120477 - 163,060 5205,790.40 $203,790
Total= §3,067,430 51,416,887  S2,373,18% §337,208 £7,194,797 58,921,548
Job Owarhzad §272,001
$7.466,888
Marlp, 15% $1,120,033
$8,586,921
Bond 571,815
Factor =58.021.548 = 1.240 $8,658,736
£7.194.797 Zales Tax £250.762
Total Project Bid §8,918,498

A) $271,252
B) $318,553
C) $336,352
D) $395,007

Answer “C” iscorrect:

The new labor cost for the excavation = $75,636+$75,636%27% = $96057.72 The cost of the
equipment stay the same, thus the direct cost of the excavation is = $96057.72+$175,194 =
$271,251.72.

The charge to the client is $271,251.72*1.24=8336,352.13
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4) Which one is a stable structure?
o o}
777 77 7
A)
‘ ye - _ -
B) A
ST “‘Iv-\ . /“/ _7\,
\/ ) "}l‘-/ibi ;"
VT T A
%/K__;/ o
\ N
C) i

The AnswersisD

Choice “A” is a mechanism because of 4 pinned connections.

Choice “B”, Calculations shows that it is an indeterminate structure and thus stable, but it is not

correct, because one of the bays without diagonals make a mechanism.

Choice “C” is the definition for the geometric instability, if all reactions passes through one point

although it satisfies the number of equations.

Choice “D” is the answer, the spring represents the fact of material stiffness in the calculations.
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5) For a retaining wall with 9” height find the maximum lateral pressure on the wall forms.

A) 150 psf B) 1350 psf
C) 1500 psf D) 1000 psf

The AnswersisB

Thisisthejob sitework problem. ASCE 37-02, 4.7.1

According to the ASCE 37-02 the lateral pressure from fresh concrete is to be taken as the
hydrostatic pressure:

C.=wxh
W= concrete density = 150pcf so, Cc=150*9 =1350 psf
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6) The following formwork should support the 22’ by 20’ slab. Find the live load from
personnel and equipment acting temporary during construction on this formwork if it is
classified as heavy duty construction.

A) LL=75 psf B) LL=73 psf
C) LL=37.5 psf D) LL=70 psf

The AnswersisB

ASCE 37-02
Area of the formwork = 22*20 = 440 sf > 400 sf

So, the following reduction may be used for the actual live load on the form work:

C,=1L (025+ 15)
4 o\ Y \/A_I

For the heavy duty construction Lo = 75 psf
Al =the influence area greater than 400 sf = 440 sf
So, Cp=0.96*75 = 72.4 psf
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7) An auger works on the pile foundations as shown in the following picture. The pile diameter
is given equal to 4’ and pile depth is 60°. If price of auger including the freight expenses is
$1,000,000. The expected cost including 20% profit for each cubic yard is determined as
$100 per cubic yard. How many piles should this auger make to compensate the original

price from the profit?

A) 1200 pile

B) 2000 piles
C) 1786 piles
D) 2500 piles

The AnswersisC

Volume of each pile = A = mr? * h = 3.14 * 22 60 = 753.6 cf = 27.9 say 28 CY
Cost of each pile = 28*100 = $2800, Profit =20%, So Profit = $2800*0.2 = $560
Number piles = $1,000,000 /$560 = 1785.7 = 1786
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8) The clay stratum is shown in the profile below. It is known that the voids ratio of the red
point is 0.9. Assume the compression index is known to be 0.64. Determine the value of
pressure when voids ratio is 0.8.

Elev.: O ft.
Unit weight:
130lb/ft3
v Elev.: -30ft
DICTSIent @ FElev.: -35ft
1201b/ft3
A) 30001b/ft? B) 40001b/1t? 0] 60001b/ft> D) 50001b/ft

The AnswersisC

Stepl: Initial effective consolidation stress can be calculated based on the information mentioned
above,

Po =Vv1'Hi +v2'H;
po = (1301b/ft3)(30ft) + (1201b/ft3 — 62.51b/ft3)(35ft — 30ft) = 41881 /ft?

Step2: Based on the equation shown below, the voids ratio can be solved by,

€16 0.

9-0.8
p, = py10 Cc = (41881b/ft2)10 064 = 6000lb/ft>
~60001b/ft2
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9) A shallow foundation is to be constructed below the ground surface in a uniform
cohesionless sand. It is found that the bearing capacity ratio for cohesion of soil below the
foundation, N, is 50. What is the bearing capacity ratio for the vertical effective stress at the
elevation of the foundation base, N?

A) 38 B)43 C) 60 D)74

The Answersis A

Step 1:

From the figure shown, it can be found that when N, = 50, the friction angle is 36°.

ING CAPACITY FACTOR

30 35 40
FRICTION ANGLE, ¢ (30°—40°)

Step2:

For a friction angle of 36°, the bearing capacity ratio for the vertical effective stress at the
elevation of the foundation base, Ng, is 38.
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10) In which condition the soil may have the maximum consolidation?

A) Soil with passing less than 30% from sieve #4

B) Soil with passing more than 80% from sieve #200 with high plasticity index
C) GC

D) ML

The AnswersisB

Choice “A” Less than passing from Seive #4 means the soil is granular and no consulidation will
occure for these kind of soils. Elastic setlemnt expected which is not the question, however it is
usually less than consulidation.

Choice “C” is in the same concept with “A”

Coice “D” shows silt, consulidation is likely but the it is less than clay.

Choice “B” shows Clay soil because of size and the plasticity, so the consolidation of this soil

has the maximum value.
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11) As shown in the figure below, a clay layer exists between two sandy soil layers. The
underground water level is 1 m below the ground. The second sandy soil layer contains
confined water. At a point A, which is 7 m below the ground (in the second sandy soil
layer), the head of water pressure is 1 m above the ground. It is known that the unit weight
of soil above the water level is 16.5 kN/m3, the saturated unit weight of the first layer of
sandy soil below the water level is 19.2 kN/m3, the saturated unit weight of the second
layer of sandy soil is 20.2 kN/m3, the saturated unit weight of the clay soil is 18.4 kN/m3,
Determine the effective vertical soil pressure at point A.

Ho=1m 1 B
e Y1

=2m

! - W.L Sandy soil 1
Ho=1m Ylsat
H;=2m 1, Clay
H4=2 m YSsat

L |Loea Sandy soil 2
A) 23 kPa B) 35 kPa C) 51 kPa D) 88 kPa

The AnswersisC

Effective stress ¢’ is equal to the total stress ¢ minus pore water pressureu. ¢' = 6 — U.

The total stress o is calculated by o = yH; + VisatHz + V2Hs + V35acHs = (16.5 KN/
m3)(2m) + (19.2 kN/m3)(1 m) + (18.4 kN/m3)(2 m) + (20.2 kN/m3)(2 m) = 129.4 kPa

The pore water pressure u is calculated by u = y,,H = (9.8 KkN/m3)(1m+2m+1m+2m+
2m) = 78.4 kPa

The effective stress ' is

u=oc—u=129.4kPa— 78.4 kPa = 51 kPa
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12) What is the cause for the swell of soils during the excavation?

A) Occures in the clayey soil when a higher moisture content existed than pior to excavation.
B) Occures in the fine sand during excavation becasuse of increasing the void ratios

C) Occures in all type of soils due to increasing the prosity

D) Swell is just an assumption to have safety factor for the earth work estimations.

The Answersis A

Choice “A” is the definition.
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13) An uniform desposit soil is shown in the following diagram. Information of soil in each
layer is given. Calculate the effective stress for a soil element at point A.

Gs=2.6, S=53%, w =30%, Y4 =
14kN /m3

Hi=4m

H2=2rn

A) 90kPa B) 80kPa C) 85kPa D) 75kPa

The AnswersisC

Step 1: From the diagram, we can see that there are two layers of soil. For each layer, we need to
calculate the unit weight. Equation about unit weight is given as,

_(Gs+5e)
V=\13¢ /)™

The voids ratio is unknown. Therefore, we need to calculate voids ratio of each layer first.

Step 2: Equation of void ratio of soil is shown as,

4

€=VS

To determine the value of void ratio, we need to find volume of voids,V,,, and volume of
solids,V;. To determine the voids ratio, we can deduce its equation by,

N W wW

S _ VS _YeS _ Ww W
oo Ve Ve VinS  YwS

Therefore, for each layer, the voids ratio can be calculated by,

Y (14kN /m? 30% = 0.80
s, - AN /m) e N T 53%) ~

€1 =Ya
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_ Wz 14kN /m3 40% = 0.57
€2 =Ya VS = ( /m )(9.8kN/m3)(100%) o

Step 3: For the layer above groundwater level, the unit weight is equal to,

B (GS + Se) B (2.6 + (53%)(0.8)
=\q5e /™™ 1+ 0.80

)(9.8kN/m3) — 16.5kN /m?

For the layer below groundwater level, the unit weight is equal to,

~ (GS + Se) ~ (2.6 + (100%)(0.57)
V2= 15 )IW™ 14057

)(9.8k1v/m3) — 19.8kN /m?

Step 4: The total stress at point A can be then calculated as,

o =y H; + y,H, = (16.5kN/m3)(4m) + (19.8kN /m3)(2m) = 105.6kPa
The pore water pressure is given as,

u =y, H, = (9.8kN/m3)(2m) = 19.6kPa

Effective pressure at point A can be finally calculated by,

o' =0 —u=105.6kPa — 19.6kPa = 86kPa

~85kPa
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14) For the following beam if load w=3 KN/m what force should apply on BD so that the shear
Force at A is zero?

W =3 KN/m F=?
P > % > » D
4m 2m 2m
A) 24KN.
B) 44KN.
C) 64KN.
D) 84KN.

The Answersis A

To solve the problem the typical solution is to writ the equation of equilibrium, but a short

cut method is given as follows:

Ve=F/2,

Because the beam BD is symmetric.

Then for the shear force at A we can write: Va =-WL+F/2=0
3*4 +F/2=0

So; F=24 KN
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15) In the below picture, find the maximum shear and moment in a simply supported beam that
is loaded with uniform load of wO.

A) V=wO0OL, M=w0L2/4
B) V=wO0L/2, M= wO0L/8
C) V=wO0L/2 , M=w0L2/8
D) V=2 wOL, M= w0L2/12

The AnswersisC

Step 1: Free body diagram:

"
" T W (LOAD PER UNIT LENGTH) o,
°l<£ Iw Vo
TT V4 _\."
I: 1‘ -
Ry, =wlL/2 R,=wlL/2 FigA
165
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Step 2: Find the reactions:

from symmetry, Ri1 = R2. And summing vertical
forces:

>Fy=0, Ri=R2=woL/2
Step 3: Draw the Shear diagram \\ »
The load q = -wo and Shear diagram is result of ‘

integration of loud diagram (Fig. B): Fig.B

x woL
V=V0_fW0dx=__Wox
0 2

M

So the maximum shear occurs when x=0 ﬁ
Fig.C

V= woL/2

Step 4: Draw the Moment diagram; Moment diagram is result of integration of shear diagram.
Nothing that the moment at x = 0 is zero.

V=M j" (WOL ) dr = 0+ wolx wox?  wpx L=
= M, — —— —wox |dx = — = —x
s\ 2 2 2 2

It can be seen that the maximum bending moment occurs at the center of the beam where the
shear stress is zero (at the middle of the beam).
L _ wl?

When x = = M=
2 8
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16) A 10 ft long simply supported concrete beam subject to a uniformly distributed load is
reinforced with two #6 bars at a depth of 13 in. The cross section is 6 in wide and 16 in tall.
The factored shear load at the supports is 6.6 kips. Assume # 3 stirrups are used for shear
support. f, = 60000 psi, fi = 4000 psi. Determine the required spacing for shear

reinforcement at the supports in the beam.

NARVEVEVEVAVRIAVEVIY °

h
. . ——— 2bars
o o
|
Length I b
A) 8in B) 44 in
C)6.51n D) 24 in

The AnswersisC

ACI| 318-08,11.1 & 11.2

Step 1: Determine the shear condition of the beam by comparing the given factored

shear force to the shear capacity of the concrete. Use the appropriate equation.

1ki
V. =2b,d./f! = 2(6in)(13 in),/4000 psi (1000plb) = 9.87 kips
Now determine the factors to be tested based on an applied load factor. According to
The resistance factors table a factor of 0.75 is to be used for shear and torsion.

¢V, = (0.75)(9.87 kips) = 7.4 kips
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|4 0.75)(9.87 ki
O OTDOSTHDS) 37

3.7 kips < 6.6 kips < 7.4 kips

Use the required spacing equations

Step 2: Determine the required spacing at the supports and check to make sure this does not
exceed the maximum. If it does then the maximum spacing will be used in place of the required
spacing. The area of the shear reinforcing steel(Av) will be 2 times the area of a # 3 bar since
shear reinforcement passes through the cross section twice. The area of a # 3 bar can be found on
the appropriate table Use A = 0.11 in’.

A, = (2)(0.11in?) = 0.22in?

_Afy  (0.22in*)(60000 psi)
ST50b, (0psD(6in)

in

A,F, (022 in?)(60000 psi) _,
S = = =
0.75b,\/f/  0.75(6 in),/4000 psi

in

Now calculate the maximum allowed spacing.

d 13in ) )
Smaxzzz > =6.5inor 24in

6.5 in spacing controls the spacing at the supports cannot exceed this

6.5 in
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17)Refer to the picture below, which pattern shows the pure shear crack in the reinforced
concrete beam test results?

28 22 S L
y 34 35 215~ 35 “"-\-.._\_?{H-‘
A5 g g \ 17 e
A B TR J ¥ 28|\ Lo N2
30 - / \ ' ', . "~
P, / - f -y | [\ \ [ ~.
/' // / i J20 / \ ha2o | \}\ | A7 3?3 "
S / \ SN
e / y . by .
/[ AL/ ' N A AN AN Ty

A) 37 B) 18
C) 28 D) 30

The AnswersisD

The pure shear crack happens at the supports and at the web of the beam. It is inclined. Bending
crack is vertical and shear-flexure cracks have the inclined to vertical pattern.

So, Choice “D” shows the pure shear crack pattern.

Choice “A” shows the pure flexural crack, Choices “B” and “C” shows the shear-flexure
interaction pattern.
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18) A circular beam with 6” diameter that is 20 ft long is fixed to a wall at one end and free at
the other. A uniformly distributed load of 0.3 kip/ft respectively are applied to the beam.
The beam is fully braced. Find the maximum elastic stress.

K Length ﬂ

A) 25 KSI B) 50 KSI
C) 41 KSI D) 34 KSI

The Answersis D

Step 1: The maximum moment will be at the fixed end of the beam. Equations for moment for

beams can be found in AISC table 3-23.

Step 2: Calculate the bending moment, moment of inertia, and section modulus:

(0 3 k‘p) (20 ft)?
2

Max = = 60 kip — ft

Ix=nd*/64 = 63.617,  Sx=1/C=63.617/(6/2) =21.205 in’

Fb=M/Sx =60 *12/21.205 = 33.95 KSI
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19) A set of interior columns are being designed. The columns are continuously braced
perpendicular to the frame. The girders between the columns are W 16 X 45 members and
the Columns are W 12 X 79. The columns span 35 feet apart and are 20 feet in height.
Assume Fy = 50ksi and Fu = 65ksi. Columns are not braced in plane. The base of each

column is tied to the foundation and all other connections are rigid. Determine the available
critical stress assuming K = 1.2.

300 kips

A) 29.5 ksi

C) 25 ksi

The AnswersisD

300 Kips

300 kips 300 kips

B) 27 ksi

D) 23.5 ksi

Step 1: We need to determine the slenderness ratio for our column. First determine the effective

length of the column and the radius of gyration for our member. The effective length is K1 = 24 ft

for our column. Find the appropriate radius of gyration.

Fora W 12 X 79 member r = 3.05 in.

Calculate the slenderness ratio as a function

gyration using appropriate equation.
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Area |Depth| Web Flange Compact e hn Tors. Prop. Axis X-X Ads YN

Bhape A d t b 4 ty saction o Cy I £ r z I r
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WI2X79 | 22| 12.4)0.470) 121 O.73I5| A2 207] 343] 118| 3.84] TIN| 662] 107) 534] 119] 2ME] 305
Wi2xF2 | 21| 123 0.430) 120| 0670) A9s| Z26] 340] 118| 293| 6580) S47F| 974) 531] 108] 195] 304
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Practice Problems

i vers ™

PE Style Exam (AM)

Step 2: Using the appropriate table we can associate the slenderness ratio of our column

KI (12)(20f) (127

r

with an available critical stress.

3.05in

4.4

KL oF KL oF ., KL oF KL oF ., KL oF o
. kei e ksi e kei e ksi e kei
1 450 21 30.8 B 278 121 154 161 B.72
2 45.0 42 0.5 B2 775 122 15.2 162 B.61
3 45.0 43 39.3 B3 272 123 14.9 163 B.50
) 310 2 30.1 B 76.0 124 127 164 B.40
5 419 a5 3.8 85 765 125 145 165 B.30
B 219 45 38.5 B6 26.2 126 14.2 166 B.20
7 248 a7 38.3 87 353 127 14.0 167 B.10
B FrN) a8 38.0 BB 755 128 138 =3 B.00
) 247 29 7.7 B9 752 129 136 169 7.80
10 a7 50 375 90 249 130 134 170 7.82
11 148 51 37.2 51 248 131 13.2 171 7.73
12 315 52 6.0 o2 740 132 13.0 172 7.64
13 334 53 6.7 a3 730 133 128 173 755
14 414 54 36.4 04 236 134 126 174 7.46
15 413 55 36.1 o5 233 135 12.4 175 7.38
16 210 56 5.8 56 72.0 136 12.2 176 7.29
17 341 57 5.5 o7 726 137 12.0 177 7.21
18 133 ) 352 o8 223 138 11.9 178 713

If we interpolate between a slenderness ratio of 94 and 95 on this table we can

approximate the available critical stress to be 23.5 ksi.

~23.5 ksi
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20) A gutter at the side of a street has a curb height of 8 inches, slope along the length of the
street of 0.7%, and Manning n=0.032. The pavement slopes from the center of the street to
the gutter at 5%. What is the flow capacity of this gutter?

A) 4.9 cfs
B) 8.0 cfs
C)11.1 cfs
D) 14.7 cfs

The AnswersisB

Step 1: When the gutter is full, the water extends a distance =8/0.05=160 inches=13.3 feet from
the curb. The cross sectional area A=0.5(13.3)(8/12)=4.44 ft>, and wetted perimeter P=
8/12+13.3 = 14 ft, hydraulic radius Rw=(4.44)/(14)=0.317 ft.

K

Step 2: Manning’s equation for the discharge Q = — ARﬁ/3 s2 , where K=1 for metric units,
n

K=1.49 for USCS units, n = Manning roughness coefficient

Rh=A/P = hydraulic radius, A = cross sectional area, P = wetted perimeter, S= channel slope, so
Q=(1.49/0.032)(4.44)(0.317)*3 (.7/100)"2 = 8.0 cfs.
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21) Water from a 175-ac light industrial watershed is collected and drained by a trapezoidal
open channel. The channel (Manning' roughness coefficient, n = 0.02) has a 4.5-ft-wide
bottom and 1:1 sides. The channel direction is perpendicular to a road where twin, side-by-
side 54-in-diameter corrugated metal pipe (CMP) culverts take the water under the roadway.
The average slope of the channel and culverts is 0.75% (i.e., 0.0075 ft/ft). The time for
runoff from the farthest part of the watershed to begin contributing to the flow is 35 min. -
Using the rational method and assuming the intensity after 35 min is 2 in/hr, what is the

runoff?
3 3
A) 308ZE B) 180 2%
sec sec
c) 22875 D) 340 25
sec sec

The AnswersisC

The runoff is given by the rational formula.

in ft3
Q, =CIA; = (0.65) <2 E) (175 ac) = 228@
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22) A parking lot adjoining a shopping center has a surface area of 3.5 acres. A rainstorm that
delivers rainfall at a rate of 2.5 inches/hour occurs. The parking area has a runoff
coefficient C=0.7. What is the peak runoff from the parking lot during this rainstorm?

A) 0.62 cfs B) 2.5 cfs C) 6.13 cfs D) 25 cfs

The AnswersisC

Step 1: The rational formula is
Q=CiA

where Q is the discharge, C is the runoff coefficient, i is the rainfall intensity in inches/hour, and
A is the drainage area in acres.

Step 2: Solve for Q= (0.7) (2.5) (3.5) = 6.13 cfs
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23) A 10 acre basin stores approximately 7.0 inches of water. What is the runoff for the given
basin for a 2-hr storm with an average of 0.5 in/hr of rainfall?

A) 0 inches B) 0.02 inches C) 0.05inches D) 0.10 inches

The AnswersisB

Usethe NRCS Rainfall-Runoff method to deter mine the amount of runoff.
Step 1: Define all variables

S =7.0inches
P=2hr+0.52=1in
hr

Step 2: Solve for runoff (Q)

P—0.25)>2 1-02+7)2  0.16 .
Q=( = )" — 216 _ 0.02 inches
P+0.8S 1+0.8+7 7.6
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24) A horizontal pipeline carries water at a discharge of 13.5 cfs. Upstream of a contraction the
pipe diameter is 24 inches and pressure is 14 psi, while downstream of the contraction the
diameter is 18 inches. Neglecting head loss, what is the pressure downstream?

A) 11.2 psi
B) 13.7 psi
C) 14.2 psi
D) 15.9 psi

The AnswersisB

P % P, sz

Z+—1t+L =z, + 2+
Step 1: The Bernoulli equation states that y 29 y 29 , where z =
elevation, p = pressure, V = average velocity, g = acceleration of gravity , and y = specific
weight of water. Let point 1 be upstream of the contraction, and point 2 downstream.

Step 2: Since pipe is horizontal, z1=z2. Area A1=nD2/4 =3.14 {12, A2=3.14(18/12)2/4=
1.77t2. V1=Q1/Al= (13.5)/(3.14)=4.3 ft/sec, V2=Q2/A2= (13.5)/(1.77)=7.63 ft/sec. Also
pl=14 psi = 14(144)=2020 lbs/ft2, p1/y=4900/62.4 = 32.3 ft.

PP WV

Step 3: Rearranging the Bernoulli Eq gives Y y 29 29 =32.3 +(4.3)2/2/32.2 -
(7.63)2/2/32.2 =31.7 ft; p2=31.7(62.4 1bs/{t3)/144=13.7 psi.
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25) Which one has more pressure at the depth of h = 10 ft? (the inclined surfaces has the
measure of angle of 60 degree.)

A)624psf B)624psf C)312pst D) 1248 psf

The Answersis A

This question is about the fluid mechanics.

According to the fluid mechanic principles, the pressure is not related to the shape, so at the
depth of “h” the amount of pressure is:

P=v.h
So, 62.4 * 10 = 624 1b/ft>
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26) Find the bending moment in the below beam for the concentrated load given equal to 5
Kips?

A) 25 Kips-ft B) 5 kips-ft
C) 0.00 Kips-ft D) none of them

The AnswersisC

This is a tricky question!
This is not a beam, so there is not a bending moment. This is a truss with axial forces.

So M=0.00
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27) An equal-tangent crest vertical curve is to connect grades of +2.0% and -3%. The design
sight distance on the curve is 645 ft. Determine the minimum length of the curve to meet the
sign distance requirement. (Assume the height of driver’s eyes above the roadway surface is
3.5 ft, and the height of object above the roadway surface is 2.0 ft.)

A) 689.50 ft B) 963.91 ft C)734.30 ft D) 878.40 ft

The AnswersisB

P 3-152, AASHTO Geometric Design-Green Book 2011, 2011, 6" Ed.

Step 1:

If we assume that the curve length (L) is greater than the sight distance (S), under the standard
criteria of the heights of driver’s eyes and objects above the roadway surface, the minimum
curve length is

LA
2,158
Step 2:

The grades of the two tangents are gl=+2.0% and g2=-3.0%, respectively. Therefore, the
absolute value of algebraic difference in grades (%) is

A=lg1— g2l =12-(=3) =5
Step 3:
The minimum curve length is

AS? (5)(645)2

L=5158= 2138

=~ 963.91 ft

which is greater than the sight distance, so the assumption that L > S is correct.
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28) A horizontal circular curve has an intersection angle of 16°. The length of middle ordinate
(M) is 8.00 ft. The radius (ft) of the curve is most nearly

A) 401.9 B) 786.4 C) 4.0 D) 822.0

The AnswersisD

The relationship between the length of middle ordinate (M), radius of the curve (R), and

!
2
M 8 ft
R= = = 822.04 ft

1 — cos (%) 1 —cos (1260

intersection angle (I) is M = R [1 — CoS ( )], which can be arranged into
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29) Given the following traffic count data:

Time Interval No. of Vehicles
8:00-8:15 1400
8:15-8:30 1600
8:30-8:45 2200
8:45-9:00 1800

The peak hour factor is closest to:
A) 0.795 B) 0.880

C) 0.650 D) 0.945

The Answersis A

Page 4-4, Equations 4-2 and 4-3, HCM 2010

Equation 4-2 PHF =
4 x

where
PHF = peak hour factor,
V = hourly volume (veh/h), and

Vis = volume during the peak 15 min of the analysis hour (veh/15 min).

Solution for Question 1:

V _ 1400 + 1600 + 2200 + 1800
4xV,; 4 %2200

PHF = =0.795,
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30) A sieve analysis on a non-organic soil reveals that 82% of the soil passes No. 200 sieve
(0.075 mm). The liquid limit of the soil is 24%, and the soil has a medium toughness and a
very slow dilatancy. Classify the soil according to the Unified Soil Classification system
(USCS).

A) GC B) ML C) CL D) CH

The Answersis A

Step 1:

Because 82% of the soil is smaller than No. 200 sieve size, which is larger than 50%, the soil is
fine-grained according to the Unified Soil Classification table

Step 2:

Because the liquid limit (24%) is less than 50%, the soil is low plastic. Therefore, the second
letter of the USCS group symbol is L.

Step 3:

Because the soil is non-organic, the first letter of the USCS group symbol is not O. Because the
soil has a medium toughness and a very slow dilatancy, it contains more clay than silt. The first
letter of the USCS group symbol is C according to the Unified Soil Classification table.
Therefore, the soil is classified as CL according to USCS.
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31)In a falling head permeability test on a soil sample, the following data are available:

Cross-sectional area of soil = 60 cm?

Length of soil = 10 cm

Initial head =120 cm

Final head = 108 cm

Duration of test = 20 minutes

Diameter of tube = 8 mm

Determine the coefficient of permeability of the soil, k.

A) 7.4 cm/sec B) 7.36 X 10~cm/sec
C) 5.8x 10~ %cm/sec D) 4.60 X 10~®mm/sec

The AnswersisB

Step 1:
From a falling head test, coefficient of permeability, k, is calculated by
= 2.303aL10g10(ﬁ)
Atg h,

Where a = area of reservoir tube; L = length of flow; A=cross-sectional area of soil; te=elapsed
time during falling head test; hi=initial head; ho=final head.
Step 2:

From the given information, it is known that

nD?  m(8 mm)?

a=——-=—"—"—=0503 cm?, L =10 cm, A = 60 cm?, tg = 20 minutes = 20 minutes X
seconds — 1200 seconds, h; = 120 cm,h, = 108 cm.
minute

Therefore,

2.303aL h, 2.303(0.503cm?)(10 cm) 120 cm
k =——-—logo (_) = 2 0810 (—>
Atg h, (60 cm?2)(1200 seconds) 108 cm

=7.36 X 10~°cm/sec
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32) A concrete mixture has a 60:40 ratio of coarse aggregates to fine aggregates. When mixed
separately, 2501lbs of coarse aggregates are capable of fitting in a 3ft3 container and 2001bs
of fine aggregates are capable of fitting in a 2ft3 container. Determine the bulk density of
the concrete mixture with a 50:50 ratio.

A) 801b/ft3
B) 87Ib/ft3
C) 901b/ft3
D) 97Ib/ft3

The AnswersisC

Step 1. Determine the bulk unit weights of each type of aggregate with the following
formula:

Mass
Vaggregate Volume

250lb 83lb
Ycoarse = W = F

200lb  100lb
yfine = thg = ft3

Step 2. Since it’s a 60:40 ratio, simply take the percentage of each density and divided by 2.

lbs

Ymixture = 0.6(83) + 0.4(100) = 90ft3
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33) Find the bending moment in the below beam for the uniform load given equal to 5 Kips/t?

A) 250 kips-ft
B) 125 kips-ft
C) 62.5 kips-ft
D) 500 kips-ft

The AnswersisC

This is a tricky question!

In general this is a truss and technically there is not bending moment in whole structure. But the
members may get the flexure if the forces are not applied on the joints.

In this case, there is uniform force on the 2 members of the truss. So each member individually
will have bending moment. Therefore,

M= 5*10%8 = 62.5 kips-ft
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34) For the shown structure, the horizontal length is 10ft and vertical length is given as 8 ft. The
force applied at the mid-span and is equal to 20 Kips. The inclined support is a roller
support.

Find the bending moment in the structure?

A) 50 kips-ft B) 40 kips-ft C) 0.00 kips-ft D) 60 kips-ft

The AnswersisC

This question shows the condition for the instable structure. If all reactions of a structure passes
through one point then we cannot write the equation of equilibrium and we will lose one
equation.

So, this is the instable structure:

Then before any actions occures in this structure the structure will fail and thus there is no
bending moment in this structure.
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35) Given a soil fill sample with a weight of 62 Ibs and a total volume of 864 in3 and a water
content of 15%, determine the percent relative compaction of the sample if the maximum
dry unit weight is 115pcf.

A) 93.8% B) 95.2%
C) 102% D) 127%

The Answersis A

Step 1

The relative compaction cannot exceed 100%. That being known answers C and D are eliminated. To
determine the relative compaction we must determine the dry unit weight of the fill sample. Then we can
compare it to the maximum dry unit weight.

62 1b
3
2
e sesin®( lf.t> 621b
_ Vr 12in) _ 0.5ft>
Vg = 0 0 — 15% =115 - 107.8pcf
1+ 1509 1+ 1509

Step 2

The relative compaction is the dry unit weight of the sample divided by the maximum unit weight:

107.8pc
Ya o 100% = 107.8pcf X 100% = 93.8%

Vd,max 115PCf

188



The
pertss !
Practice Problems El@p PE Style Exam (AM)

36) For the reinforced concrete slabs like the following picture, if the width is given equal to
20, then what would be the maximum length of the slab if the designer wants to have two
way slab and have the following reinforcement arrangement?

Length (L) Width (W) =20’

A) 40° B) 10’

C) 20° D) 50°

The Answersis A

ACI 318-08, 13.6.1.2. : Panels shall berectangular with aratio of longer to shorter span less
than or equal to 2 for the 2 way slabs. (Also see below picture)

<2 i I & | F A @

According to the code, % .

RS —_ b

So, L =2%20" =40’

The slab can have 40’ to be considered as a two way slab. Thus the distribution of bending
moment in both direction needs reinforcement for negative and positive bending moment in both
directions.
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37) For the following excavation shown below the contractor has used the nailing system to
secure the project. Who should be the first person for inspection of the nailing system?

A) Trained person B) Site supervisor

C) Competent person D) anyone in the site with engineering degree

The Answersis A

The competent person is not necessarily have sufficient knowledge about the nailing. Choices
“B” and “D” are also are not correct. For all excavations a trained person should be the first who
enter.

190

www.EngineeringEBooksPdf.com



Hiepertss™

Practice Problems PE Style Exam (AM)

38) Find the zone of influence for the following excavation where there is no soldier piles.
Neglect the brick made counterforts.

Depth of excavation = 30 ft
A)22.6 ft
B) 30 ft
C) 32t
D)21.2 ft

The Answersis A

Adjacent Construction Project Manual, Office of Joint Development & Adjacent Construction,
September 16, 2013 (Revision 5)

An envelope starting at a point two feet below the lowest point of the underground structure or
excavation continuing upward at a forty five (45) degree angle from the horizontal at the vertical
projection of the outside limits of the Public structure.

An envelope starting at a point two feet below the lowest point of Public structure continuing
upwards at a forty five (45) degree angle from the horizontal, up to the horizontal projection of
the outside limits of the adjacent underground structure or excavation, projected at grade level.

So, depth of excavation = 30 and according to the code 2’ should be added so, 30+2 =32
Horizontal distance considering the 45 degree = 32*Cos (45) = 22.6 ft
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39) Refer to the figures, the net excavation (yd3) from section 78 (14+20) (100s of ft) to section
80 (15+80) is most nearly:

Cut=0.00 ft> Fill=555.6 ft* Sec. 80, 15+80

iU

7

4

—20 -4a -40 -33 =30 23 20 -1a =10 -2 - 2 10 13 ) 23

Cut=0.00 ft> Fill=680.2 ft* Sec. 79, 15+00

30

1

.};

4

—20 =43 =40 =33 =30 -2a -20 -1a =10 -3 ! 2 10 15 20 23

Cut=421.3 ft* Fill=0.00 ft’ Sec. 78, 14+20

a0

10

.?;

4

-50 -45 -40 =35 =30 -25 -20 -15 -10 -5 I 10 15 20 25

A) 3462 B) 59788
C) 4000 D) 2214

The Answersis D

Use Average End Area Method (NCEES P. 167, Earthwork Formula):

Sec 80 & 79: No excavation, both sections shows embankment:

Vi = S22 4 (1580 — 1500) = 49432 ft3

Sec 79 & 78: There is excavation and embankment between these two sections:

Ve = S22 4 (1500 — 1420) = 27208 ft3

Vewr = S22 4 (1500 — 1420) = 16852 ft3

Net excavation: Vet = X Vrin = % Veur = 49432 + 27208 — 16852 = 59788 ft3

Net excavation in yd*= 5%88 = 2214.37 yd®

192

www.EngineeringEBooksPdf.com

30



The ﬂﬁ a
Practice Problems EI@F@ = PE Style Exam (AM)

40) The site manager put the mark of “C” and the following numbers on the lath stake. The
ground elevation is given equal to +20.00. The surveyor measured 1° for the distance
between horizontal line and the ground surface. With that sign what would be the final

elevation:
A) +21.90 B) +19.10
C)+17.10 D) +18.10

The AnswersisB

The sign of “C” means: Cut is required. And the horizontal line shows the reference point for it.
The number on stake shows the required cut below the horizontal line.

So, the final elevation will be equal to 1.9” below the horizontal line. Since the distance between
the ground and the horizontal is 1°, then it is necessary for the (1.9-1) =0.9” for excavation. The
final ground elevation will be: +20.00 — 0.9 = 19.10
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1) The Building Cost Index (BCI) for structural iron work developed by which formula?

A) BCI = 68.36 hours of skilled worker at 20-city average of bricklayers + carpenters +
structural ironworkers rate+25 cwt of standard steel shapes at the mill price prior to 1996.

B) BCI = 200 hours of common labor at 20-city average of common labor rates + 25 cwt of
standard steel structural shape prior to 1996

C) Fabricated 20-city price from 1996+1.128 tons of Portland cement + 1088 board-ft of 2x4
lumber

D)Both A & C
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2) You are replacing 12, 18” wide 2 use beams and 10, 24” wide 1-use beams. How much
g L) LI ] B : . *
DALY |LABOR: 2006 BARE COSTS L |
Structural C.LP. Fo
03iio l rms CREW |OUTRUT| HOURS | UNIT LgoR | OEUR | ToTL | meLor
300] 0010 | EXPANSION JOINT See division 03150:250
k
405 010 FORMS IN PLACE, BEAMS AND GIRDERS e
L) See also Elevated Stabs, Division D3110:240 « ;
U500|  Exterior spandeel job-bult plywood, 12° wide, | use @ C2 | 25 | 13 |5ca i B 1L 1560 !
1550 Zuse 0 o5 | Am 1% & B4 150}
1600 3z R 150 5.60 110 1047 "
065D duse 0 | 15 12| 535 647 95 |
1000 18" wice, 1 use =0 | 192 32 £.65 587 13851
1050 2use 75 | A% 177 605 4 IRE
1100 ) W |15 1B 56 B 58
1150 huse 35 | 152 15| 55 630 335
1500 20" Wik, | Use %5 | 180 ] ¥ 320 ER
1550 2use 0 | 66 16 AW % 105 }
1600 3 use 5 | 182 118 5.25 B3 950 §
1650 duse 25 | 148 9| 510 606 g |
2000 Intenor beam, Jobult plywaod, 12" wide, T use 0| 160 ENT) ] 350 ENG
2050 2 use uy |14l ] 137 6,40 05|
2100 use ETNINER [ 45 613 S
2150 duse | g 133 440 573 a.'::-!
2500 24" wide, | use 20 | .150 i 540 81 113 F
2550 2use %5 | 13 18| 4 623 S
300 3use B8 110 4] 551 8 i
2650 4 use kN a 420 217 ?EL‘-!
BT Pasaaben ol I.‘___ L :-I. [ ] mne n = T - -
does labor cost for this project?
A) $135.10
B) $72.60
C) $75.00
D) $145.50
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3) A project is described by the following precedence table. The project manager wants to
decrease the normal project time by 4 days. Most nearly, how much will it cost to reduce the
project completion time by four days?

Activity Predecessors Normal time Crash Normal Crash

(days) time cost daily | cost daily

A - 8 6 50 100

B A 2 1 80 140

C A 6 4 80 100

D B 2 1 100 150

E C 6 3 90 200

F E 3 1 80 160

G D,F 4 2 120 300
A) 200 B) 120
C) 180 D) 140
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3) A dump-hauler has a purchase price of $109,000. Freight for delivery is $1000. Tires are an
additional 21,000 with the estimated life time of 4500 hours. The hauler expected to operate
1500 hours annually and for 11 years. Maintenance fees for the hauler is estimated at
$18000. What is the before-tax estimated hourly cost of operation excluding operator labor

cost?
A) 35 B) 41
C)24 D) 15

4) In the activity network below, what is the total float of Task 5?

A)0 B)1
02 D)3
10 days
Task 2 4 days

Task 1 /
\ 6 days 8 days

Task3 |7 ™| Task4
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5) The Figure below shows a scaffolding for a bridge as a heavy construction. If the deck
thickness of the bridge is given equal to 4°, and the span length between scaffolding columns is
given equal to 4°, find the axial force in those columns for the dead and personnel and equipment
combination. (No variable material on the scaffolding will be stored.)

A) P= 2400 Ibs
B) P=13440 Ibs
C) P= 9600 lbs
D) P= 1200 Ibs
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6) If the weight of the white car is 1.5 US tons, for lifting up by a crane like the left figure,
find the minimum safe resistive moment for the crane to prevent of an accident shown in the
right figure if the required lever arm is 30°. If the weight of crane is given equal to 10 tons, then
find the required distance between cranes jacks on the ground

30°
A) Mr< 90,000 Ib-ft B) Mr= 90,000 1b-ft
C) Mr= 90,000 Ib-ft D) None of the answers
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7) For the following haul road crown what is the maximum possible slope?

A) 6%
B) 12%
C) 3%
D) 1%
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8) Point A is 5 m below the ground. The underground water level is 2 m below the ground.
There are two deposits of sandy soil at the site. The first deposit of soil has a depth of 3 m, and a
total unit weight (above the water level) of 13.2 kN/m3, a saturated unit weight of 16.5 kN/m3.
The second deposit of soil has a saturated unit weight of 17.6 kN/m3. Determine the effective
vertical soil pressure at point A.

N Y1
=2m
' — W.L — Sandysoil 1
Ho=1m Ylsat _J
H;=2m
Yasat — Sandy soil 2
A)23.5 kPa B) 48.7 kPa C) 53.2 kPa D) 72.4 kPa

9) A footing is founded at the depth of Dr below the ground surface as embedded
foundation. Another footing with the same size is on top of the soil. Which one shows more
bearing capacity?

A) No changes in bearing stress because the area is important
B) Buried one has more bearing stress

C) Surface one has more bearing stress

D) It depends on the soil parameters.
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10) A 2.4m thick clay layer is between two saturated 3m sand layers. The average effective
vertical stress in the clay (at the depth of 5.4 m) is given equal to 30 kPa. Determine the total
stress at the depth of 5.4m.

A) 54 B) 84 C) 79 D) 30

11)  Determine the lateral force (per unit length of wall) on the frictionless retaining wall, as
shown in the figure below. The soil behind of the wall is clean sand with a saturated unit weight
of 20.0 kN/m3 and angle of internal friction of 36°. Groundwater level is at the surface of the
ground.

Groundwater Level
7777777777 ;
- 3
He6 m Yot =20 kKN/m
$=36°
@ T YA ‘LYK
A)124.1 KN/m B) 202.1 kKN/m
C) 2241 kN/m D) 420.1 kN/m

12) A uniform deposit soil is shown in the following diagram. Information of soil in each
layer is given. Assume that the effective stress at point A is 100kPa, determine the value of H2.

Hi=3m — : Y1 = 16kN /m3

H - Y, = 17kN/m3

A) 2.00m B) 2.50m C) 3.00m D) 3.50m
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13)  Information of a soil is shown in the following diagram. Assume that the surcharge is
40kPa acting at the top of soil as shown in the diagram. If the effective pressure at point A is
150kPa. Determine the water content of this soil.

sy dy 4l

Hi=6m — Gy =2.7,e=1.0

A) 15.6% B) 14.2% C) 13.3% D) 12.1%

14) A load of 12000 Ib is going to put 10 ft from the left support on a 30 ft long beam. If the
maximum permissible bending stress is 24,000 psi. Determine the minimum section modulus for
the supposed beam. E =30 X 106 psi.

A) 12 in3
B) 35 in’
C) 40 in3

D) 25 in®
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15)  Determine h if the maximum slope on the beam shown below is measured as -0.02 rad.

}"l
Wo
b
- IRh
- - x
L
b =4in E=200kpsi w=1001lb/in L=3ft

A) 438in
B) 5.26in
C) 6.15in
D) 7.07 in

16) A 15 ft long reinforced concrete cantilever beam is subject to factored shear of 105 kips
at the fixed end. The shear support from the concrete is 57 kips. The beam cross section is 18 in
by 28 in. f, = 60000 psi, f; = 4000 psi. The depth of the steel is 25 in. #3 stirrups are used.

Determine the required spacing for the shear reinforcement at the support.

6bars —T— |i\ . /ﬂ T
/ w . .
AVAVRVAVAVAVRIAVEVAYS "
/]
. d
/]
| | |
| Length | I b 1
A) 12in B) 4.4 in
C)12.5in D)3.9in
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17)  The column shown is a W 21 X 50 steel member. The applied dead load is 7 kips.
Neglect self-weight. The column length is 12 ft tall. The column is not braced along the length.
Assume Fy = 50ksi. Determine the effective length of the column.

Fixed

AR}

A) 12 ft B) 14.4 ft
C)24.2 ft D) 9.5 ft

18) A simply supported and fully braced beam spans 30 ft and carries a dead and live
distributed load of 0.5 kip/ft and 0.8 kip/ft respectively. Using the 1.2D + 1.6L combination. If
the Plastic section modulus is given equal to 55 in® for the assumed section, find the maximum
stress in the section. (The beam made of steel with 50 KSI strength.)

ST TT O LT

Length

A)50KSI  B)46KSI
C)30KSI  D)38KSI
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19)  The top beam of the system is a W 18 X 60 members, the column is a W 14 X 74
members, and the middle two beams are W 21 X 73 members. The total height of the column is
30 ft. The length of all beams is 35 ft. Assume Fy and Fu are 50 ksi and 65 ksi respectively.
Assume there is no reduction in stiffness for inelastic buckling and connections are pinned.
Assume sidesway is not prevented. Determine the effective length factor for the column top half
of the column.

L beam L beam
B -+
1/2L
L beam ’ L beam
’:H [ %
1/2L
/ Fixed
L3 )
A)k=2.1 B) k=133
C)k=1.0 D)k=12

20)  Three rain gages are located within or nearby a watershed, whose total area is 1100 acres.
Using the Thiessen polygon method, the portions of the watershed associated with gages A, B,
and C are 520, 310, and 270 acres, respectively. For a particular storm, it is determined that the
excess rainfall for these 3 portions of the watershed is 0.95, 1.23, and 1.44 inches, respectively.
What is the volume of runoff from this watershed for this storm?

A) 19.2 MG
B) 28.3 MG
C) 34.3 MG
D) 44.7 MG
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21) At the design discharge, an existing single circular culvert has the following
characteristics: headwater elevation = 5.5 ft above invert, culvert diameter= 2.5 ft, critical depth
= 1.9 ft, uniform depth = 1.7 ft, and the outlet is free. Which of the following describes the
culvert flow under these conditions?

A) Inlet control, inlet is not submerged, critical flow at the inlet
B) Inlet control, inlet is submerged with orifice flow control
C) Outlet control, inlet is submerged

D) Outlet control, inlet is not submerged

22)  Runoff from a 3-acre site is to be drained by a channel. The time of concentration for
this site is 40 minutes. The site has a runoff coefficient C=0.2. Rainfall quantities to be used for
design are 0.5 inches for a storm of duration 20 minutes, 0.7 inches for duration 40 minutes, and
0.9 inches for duration 60 minutes. For what discharge should this channel be designed?

A) 0.7 cfs B) 0.63 cfs C) 1.04 cfs D) 40 cfs

23)  Given the following hyetograph what is the total precipitation?

ety (i)

A) 1.4 inches B) 1.9 inches C) 3.8 inches D) 5.0 inches
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24)  All three pipes in the figure below have the same length and are connected in parallel.
The diameters are given. Determine the ratio of velocities in the branches. Assume the friction
factor for all the lines to be the same.

P —

[ B 10 inches ]

— . —
[ 8 inches ]
— 4
C
A) V¢ to VgtoV,= 1 to 1.223 to 1.684 C) Ve to VgtoV,= 1 to 1.118 to 1.224
B) V¢ to VgtoVa= 1 t0 2.3 to 3.1 D)VytoVgtoVe =1to 1.118 to 1.224

25)  What is the approximate runoff for a watershed with the given hydrograph?

Discharge (cfs)
L
1

0 L L L L
1
Time (hr)

LI
3

A) 4.7 18 B) 14,500 ft C) 17,000 ft? D) 23,500 ft*
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26)  Two pipelines carry water from a common starting point to a common end point. The
two pipes have the same friction factor f and diameter, but pipe 1 is twice as long as pipe 2.
What fraction of the discharge between the start and end points flows through pipe 1?

(A) 34% (B) 41% (C) 50% (D) 67%

27) A 600 ft long equal-tangent crest vertical curve connects grades of +4.0% and -2.5%. The
point of vertical intersection (PVI) is located at station 123+00 with an elevation of 62.80 ft.
What is the elevation of the PVT?

A) 55.30 ft B) 70.30 ft C) 73.50 ft D) 65.30 ft

28) A horizontal circular curve has a radius of 120 ft. The station of PC is sta 22+10.00. At
point X (station 22+60.00) on the curve, a stake is to be placed. The deflection angle between
tangent PI-PC and chord X-PC is most nearly

A) 14°56'12" B) 13°06'12"
C) 11°56'12" D) 11°44'43"

29)  What is the minimum Average Daily Traffic (ADT) passing in one lane with the speed of
50 mph in the level terrain?

A) 1500-2000 B) 400-1500

C) >2000 D) = 2000
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30)  Particle size analysis was carried out on a soil with the results shown in the following
table. Classify the soil according to the Unified Soil Classification system (USCS).

Size Percent Passing
12.5 mm 100
9.5 mm 60
No. 4 (4.75 mm) 40
No. 20 (0.85 mm) 30
No. 60 (0.25 mm) 10
No. 200 (0.075 mm) 4
A) GC B) GP C)Sp D) SM

31)  The subgrade of a highway is compacted from a natural soil layer. It is known that the
natural soil has a total unit weight of 20 kN/m3, and a dry unit weight of 18 kN/m3. It needs to
be compacted to attain a dry unit weight of 19 kN/m3 and a water content of 15%. What is the
total unit weight of the compacted soil?

kN KN KN kN
A)2185= B)2285— ()23.85— D)24.85—

32)  An engineer specifies that the concrete structure must have a strength to withstand an
object with a diameter of 0.75 inches and a force of 2500 Ibs. Determine the required average
compressive strength for a plant where the standard deviation is unknown given the equations.
The following table may be consulted:

fler=f'c+1.34s f'er=f'c+2.335s—-500

Specified Compressive
Strength, fc (psi)

Required Average Compressive
Strength, fcr (psi)

<3000 ¢ + 1000

3000 to 5000 ¢ + 1200

> 5000 ¢ + 1400
A) 5659 psi
B) 6259 psi
C) 6659 psi
D) 7059 psi
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33)  The stress-strain test of a steel bar shows in the following graph. Which point shows the
yield stress?

Stress

Stram ——=

A) C
B) B
C) A
D) D

34) A circular foundation on the SO wiur a uraneter of 10 feew 1> woweu w uuu the allowable
bearing capacity. If the soil fails under a force of 500,000 Ib, and the factor of safety considered
as 3, find the allowable stress of soil.

A) 14.7 psi B) 44.2 psi C) 56.7 psi D) 113.4 psi

35) A new roadway construction requires the sub base soil to have a dry density of 125 pcf
and optimum moisture content (OMC) of 12.5%. A smooth drum roller will be used to compact
the soil in 4-inch-thick lifts while the width is 32 ft. The soil has been tested in place and the
results show moisture content of 6%. The water must be added to the stationing length of 100ft
to obtain the required moisture content for compaction. How many gallons per yard must be
added to meet the requirements?

A) 3.42 gal/yd?
B) 5.63 gal/yd?
C) 2.34 gal/yd?
D) 2.93 gal/yd?
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36)  For the reinforced concrete slabs like the following picture, if the width is given equal to
20’°, then what would be the maximum length of the slab if the designer wants to have two way
slab and have the following reinforcement arrangement? (The slab supported by edge beam in
two sides and there is no edge beam at the other sides.)

u
o]

A) 402 B) It’s impossible to have two way slab

No edge beam Edge beam

C) 20° D) 55
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37) For the following bridge shown in the following picture, what is the maximum distance
between the net and the bridge deck that a fall can be arrested by that net?

Maximum fall arrested height net
A) 10° B) 15°
C) 30’ D) 20’
214
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38)  For the excavation shown in the below figure, find the lateral earth pressure on each
supporting structures if the spacing of them are about 10°. (Ka=0.3, Soil density = 150 pcf)

A) 11250 b/t B) 1125 Ib/ft

C)9000 Ib/ft D) 900 Ib/ft
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39) 100 yd3 of bank run soil is excavated and stockpiled before being transported and
subsequently compacted. Swell and shrinkage factors for the soil are given equal to 0.30 and
0.12 respectively. The final volume of the compacted earth is most nearly.

A) 130 B) 65
C) 88 D) 112

40)  For the following picture which shows a ditch checks for erosion control, which answer
is the best description of both ditches?

Figure 1 - Figure 2

A) 1: Rock ditch for grade <6%, 2: Bale ditch for grade >6%
B) 1: Bale ditch for grade >6%, 2: Rock ditch for grade <6%,
C) 1: Rock ditch for grade >6%, 2: Bale ditch for grade <6%
D) 1: Rock ditch for grade >2%, 2: Bale ditch for grade <2%
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1) The Building Cost Index (BCI) for structural iron work developed by which formula?

A) BCI = 68.36 hours of skilled worker at 20-city average of bricklayers + carpenters +
structural ironworkers rate+25 cwt of standard steel shapes at the mill price prior to 1996.

B) BCI = 200 hours of common labor at 20-city average of common labor rates + 25 cwt of
standard steel structural shape prior to 1996

C) Fabricated 20-city price from 1996+1.128 tons of Portland cement + 1088 board-ft of 2x4
lumber

D)Both A & C

The Answersis D

The Engineering News-records BCI is developed with the explanation of both A & C. The
explanation of “B” is about the Construction Cost Index (CCI).
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2) You are replacing 12, 18” wide 2 use beams and 10, 24” wide 1-use beams. How much

L] ", W - & * *
03110 | Structural C.LP. Forms DAY |LABOR, 2006 BIRE OSTS |
CREN ourruTiHOWRS) UNT | wT [ oeor [ omue [ Ton | meLose ¢
300§ 0010 | EXPANSION JOINT See division 03150250 ’
k
405] 0010/ FORMS IN PLACE, BEAMS AND GIRDERS i
0020 See alsp Elevated Slabs, Division 03110-240 i !
11500 Extericr spandrel, job-bult plywaod, 12 wide, 1 usa e | 285 | 213 | SFCA 376 135 1L11 15807
0550 2use &5 | A7 13| 6l B4 150
0600 | Juse AR 150 560 710 10471
0650 415 0 | 15 12| 535 647 ags |
1000 18" wics, 1 use Pl T R 565 987 1351
1050 Zuse 75 | A% 177 6l 782 1135
1100 I W5 | I b7 FF
1150 4 isa 35 | 152 L5 535 £30 335
1500 20 wide, 1 use 265 | 18 25 8.5 ' 320 [ER
1580 2use 0 | 166 156 50 136 1076 ;
1600 3 use 5 | 182 118 5.25 B3 950 §
1650 duse 25 | 148 9| 510 606 g |
2000)  Intenor baam, jobbult plwaod, 12" wide, T use 0 | 160 .10 550 460 1310t
A0 2 use o | 141 203 187 .40 9.Ef~i
2100 3us RN I64] 45 Blg B4
2150 4 use | g 13 440 573 B ,
2500 24" wide, | use 20 | .150 i 540 81 113 P
50 2use 385 | 12 169 454 5.3 L
5[0 3 use 5 | 15 120 ] 551 g i
2650 4 use 5| .1z 7| 420 517 10§
AN [ T | I.‘___ [ ;_I. [T BT e e - - o
does labor cost for this project?
A) $135.10
B) $72.60
C) $75.00
D) $145.50
The AnswersisA
12-18”, 2 use = $6.05 * 12 = $72.6
10 —-24”, 1 use = $6.25*%10 = $62.5
Total = $72.6+$62.5 = $135.1
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3) A project is described by the following precedence table. The project manager wants to
decrease the normal project time by 4 days. Most nearly, how much will it cost to reduce the
project completion time by four days?

Activity Predecessors Normal time Crash Normal Crash

(days) time cost daily | cost daily

A - 8 6 50 100

B A 2 1 80 140

C A 6 4 80 100

D B 2 1 100 150

E C 6 3 90 200

F E 3 1 80 160

G D,F 4 2 120 300
A) 200 B) 120
C) 180 D) 140

The Answersis D

According to the table the CPM chart represents the following free floats:

Cle—=»| E |—»| F

Free floats are:
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Path 1: A-B-D-G= 16
Path 2: A-B-D-E-F-G=25

Path 3: A-C-E-F-G= 27 critical path

In order to reduce the overall project duration by 4 days, the mot inexpensive operation is to

allocate additional resources (crash) to activities C, D, and A.

For 4 days we can consider C for 2 days and A for the other 2 days. So
The critical path with be equal to 27-4 = 23 days.

The additional costs will be equal to:

For C: 100-80 = $20 daily, 2*20=$40 for two days

For A: 100-50 = $50 daily, 2*50=$100 for two days.

The  total additional cost due the project crash
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3) A dump-hauler has a purchase price of $109,000. Freight for delivery is $1000. Tires are an
additional 21,000 with the estimated life time of 4500 hours. The hauler expected to operate
1500 hours annually and for 11 years. Maintenance fees for the hauler is estimated at
$18000. What is the before-tax estimated hourly cost of operation excluding operator labor

cost?
A) 35 B) 41
C) 24 D) 15

The AnswersisC

The best way to estimate the hourly cost is to find all expenditures and cost for a year, then the
hourly cost can be estimated prorate:

The total hauler cost = 109000+1000= $110,000
The hauler price per year: 110,000+/11=$10,000 per year

Tires will work 4500 hr and every year 1500 years of operation is expected so: 4500/1500=3
years is the life time for the tires

Therefore, tire costs for a year is become: 21000/3 = $7000
Total annual expenditures = $10,000+$7,000+$18000 = $35,000

Hourly rate = 35000/1500 hr/year = 23.3 say $24.00
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4) In the activity network below, what is the total float of Task 5?

A)0 B)1
C)2 D)3
10 days
Task 2 4 days

e / \ Task 5
Task 1 /
\ 6 days 8 days

Task3 | *| Task 4

The Answersis A

The complete solution to this problem requires calculating the ES, LS, EF, LF, and the float (as
follows).

ES LS EF LF Float
1 0 0 3 3 0
2 3 7 13 17 4
3 3 3 9 9 0
4 9 9 17 17 0
5 17 17 21 21 0

Therefore, task 5 has a total float of 0.

Short Cut

There is no need to calculate anything in this problem. Task 5 is the finishing task of this project
and therefore, must be on the critical path. All tasks that are on critical path have always zero
floats. Therefore, (A) is the correct answer.
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5) The Figure below shows a scaffolding for a bridge as a heavy construction. If the deck
thickness of the bridge is given equal to 4°, and the span length between scaffolding columns is
given equal to 4°, find the axial force in those columns for the dead and personnel and equipment
combination. (No variable material on the scaffolding will be stored.)

A) P= 2400 Ibs
B) P=13440 Ibs
C) P= 9600 lbs
D) P= 1200 Ibs

The AnswersisB

According to the load classification, the 75 psf live load is used for the heavy construction with
motorized buggies and heavy equipment. There is no variable material on scaffolding so only the
live load of the personnel and their equipment shall be considered.

The area on each column is less than 400sf so no reduction of live loads shall be considered.
Concrete density = 150 pcf

So, Dead load = 4*150= 600 1b/sf

Live load= 75 Ib/sf

U=1.2D+1.6L = 1.2*¥600+1.6*75= 840 Ib/sf

For the 4’*4° scaffolding grid the axial force will be equal to: 840*4*4= 13440 Ilbs
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6) If the weight of the white car is 1.5 US tons, for lifting up by a crane like the left figure,
find the minimum safe resistive moment for the crane to prevent of an accident shown in the
right figure if the required lever arm is 30°. If the weight of crane is given equal to 10 tons, then
find the required distance between cranes jacks on the ground

30°
A) Mr< 90,000 1b-ft B) Mr= 90,000 Ib-ft
C) Mr= 90,000 1b-ft D) None of the answers

The AnswersisC

The resistive moment should be equal to or bigger than the overturning moment.
Movertuming= Force * Lever arm = 1.5* 2000 lbs * 30” = 90,000 lb-ft

So, to have the safe lifting the resistive moment (Mr) should be bigger than the overturning
moment: Mr=> 90,000 Ib-ft
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7) For the following haul road crown what is the maximum possible slope?

A) 6%
B) 12%
C) 3%
D) 1%

The AnswersisC

The ideal crown slope is 3%. Lower slopes my allow water to pool on the road and more than
3% cause the uneven tire wear.
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8) Point A is 5 m below the ground. The underground water level is 2 m below the ground.
There are two deposits of sandy soil at the site. The first deposit of soil has a depth of 3 m, and a
total unit weight (above the water level) of 13.2 kN/m3, a saturated unit weight of 16.5 kN/m3.
The second deposit of soil has a saturated unit weight of 17.6 kN/m3. Determine the effective
vertical soil pressure at point A.

N Y1
=2m
' — W.L — Sandysoil 1
Ho=1m Ylsat _J
H;=2m
Yasat — Sandy soil 2
A)23.5 kPa B) 48.7 kPa C) 53.2 kPa D) 72.4 kPa

The AnswersisB

Effective stress ¢’ is equal to the total stress ¢ minus pore water pressure U.c' = ¢ — U.
Step 1:

The total stress o is calculated byc = y{Hy + Y1satHz + Y2sacHz = (13.2 KN/m3)(2 m) +
(16.5kN/m3)(1 m) + (17.6 kN/m3)(2 m) = 78.1 kPa

Step 2:

The pore water pressure u is calculated byu = y,,H, = (9.8 kN/m3)(1m + 2 m) =

29.4 kPa

Step 3:

The effective stress o’is

u=oc—u="78.1kPa—29.4 kPa =48.7 kPa
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9) A footing is founded at the depth of Dr below the ground surface as embedded
foundation. Another footing with the same size is on top of the soil. Which one shows more
bearing capacity?

A) No changes in bearing stress because the area is important
B) Buried one has more bearing stress

C) Surface one has more bearing stress

D) It depends on the soil parameters.

The AnswersisB

According to the below picture and using any different expressions to find the ultimate bearing
stress (i.e. Terzaghi’s theory, Hansson, etc.) , the more depth of footing increase the q0 and thus
the bearing pressure. So the more depth, the more bearing stress. So the footing which is

embedded shows more bearing more than the on surface footing with the same size.

45° -2 7 45~ o2 o 45° - ¢/2 7 45° -2

Logarithmic spiral
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10) A 2.4m thick clay layer is between two saturated 3m sand layers. The average effective
vertical stress in the clay (at the depth of 5.4 m) is given equal to 30 kPa. Determine the total
stress at the depth of 5.4m.

A) 54 B) 84 C) 79 D) 30

The AnswersisB

The relation between total stresses, pore pressure, and effective stresses are described as:

!

Oy =0y —Uu= (Ysat - YW)H

At the depth of 5.4m the pore water pressure =u = 5.4 * 10 = 54 KPa.

Total stress = effective stress + pore pressure

Total stress = 30+54 = 84 KPa
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11)  Determine the lateral force (per unit length of wall) on the frictionless retaining wall, as
shown in the figure below. The soil behind of the wall is clean sand with a saturated unit weight
of 20.0 kN/m3 and angle of internal friction of 36°. Groundwater level is at the surface of the

ground.
Groundwater Level
TTITTT T ?
- 3
He6 m Yeat =20 KN/m
$=36°
A AR A

A)124.1 KN/m B) 202.1 kKN/m
C)224.1 kN/m D) 420.1 kKN/m

The AnswersisC

Step 1:

Based on the Rankine theory, the Rankine active earth pressure coefficient K, = tan? (45° -
2)=tan? (45° - &) = 0.260.

Step 2:

At the surface of the ground, the vertical effective stress and the pore water pressure are both
zero, o, = u = 0.

At the base of the wall,

, kN kN

0y, =0y — U= (Yeat — YwH = (zoﬁ —9.8 )(6 m) = 61.2 kPa

m3
kN
u=vy,H= (9.8 E) (6 m) = 58.8 kPa

Step 3:

The active lateral earth pressure at the base of the wall, o, is

6, = Kxo, = 0.260 X 61.2 kPa = 15.9 kPa
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Step 4:

Based on the distributions of lateral earth pressure and pore water pressure,

15.9 kPa 58.8 kPa

Lateral earth pressure Hydrostatic pressure

the lateral force (per unit length of wall) on the wall, P,, is

1 1 1 1
P,=P+P, = E()'aH + EuH = E(O'a + wH = 5(15.9 kPa + 58.8 kPa)(6 m) = 224.1 kN/m

where P; is the lateral force due to soil solids and P, is the lateral force due to the pore water.
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12) A uniform deposit soil is shown in the following diagram. Information of soil in each
layer is given. Assume that the effective stress at point A is 100kPa, determine the value of H2.

Hi=3m — : Y; = 16kN/m3

N - Y = 17kN/m3

A) 2.00m B) 2.50m C) 3.00m D) 3.50m

The Answersis A

Step 1: From the diagram, we can see that there are three layers of soil. For the first layer above

groundwater level, the unit weight is equal to,

y, = 16kN/m3

For the second layer above groundwater level, the unit weight is equal to,
y, = 17kN/m3

For the third layer below groundwater level, the unit weight is equal to,
y3 = 18kN/m3

Step 2: The total stress at point A can be then calculated as,

o =y,H, + y,H, + y3H; = (16kN/m3)(3m) + (17kN/m3®)H, + (18kN/m3)(2m)
= (84 + 17H,)kPa

The pore water pressure is given as,
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u =y, H, = (9.8kN/m3)(2m) = 19.6kPa
Effective pressure at point A can be finally calculated by,
oc'=0—u=(84+17H,)kPa — 19.6kPa = 100kPa

Solve the equation above,
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13)  Information of a soil is shown in the following diagram. Assume that the surcharge is
40kPa acting at the top of soil as shown in the diagram. If the effective pressure at point A is
150kPa. Determine the water content of this soil.

i IV

Hi=6m — Gy =2.7,e=1.0

A) 15.6% B) 14.2% C) 13.3% D) 12.1%

The AnswersisC

Step 1: From the diagram, we can see that there is only one layer of soil. The effective pressure

at point A can be calculated by,

o0 =S+yH; = 40kPa + y(6m) = 130kPa

Solving this equation, we can know the value of density of this soil as,
y = 15kN/m3

Step 2: According to equations of the density of this soil can be described as,

_(GS+Se>
V=\13e¢ /)™
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Therefore,

_(GS+Se) —(2'7+S)(98kN 3) = 15kN/m?
V=g ) = () O8kN/mY) = /m

S =36%
According to the following equation water content of soil is,

_Se  (36%)(A0)
=G - 133%
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14) A load of 12000 Ib is going to put 10 ft from the left support on a 30 ft long beam. If the
maximum permissible bending stress is 24,000 psi. Determine the minimum section modulus for
the supposed beam. E =30 X 106 psi.

A) 12 in?
B) 35 in?
C) 40 in’®

D) 25 in®

The AnswersisC

P
Step 1: Reaction at point B, the left support:
>Ma = 0 (point A is the right support)
v M

0=-Rs(30)+ P (20)

Z
R =12000(20)/30

B Fig.29.A

Re= 8000 Ib

Step 2: Draw free body diagram of the section under the load and determine the maximum
moment:

YMv =0 0= - Rs (10) + M
M = 8000 Ib (10 ft)

) M, = 80,000 Ib-ft

Step 3: Calculate the S, Section Modulus, from the maximum normal stress:
M .
Omax =5 < 24000 psi

in
M _ 80,000 lb-ft (12 ﬁ)

2400 psi 24000 psi

) S>40ind
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15)  Determine h if the maximum slope on the beam shown below is measured as -0.02 rad.

Wo
b
- IRh
) g x
o L
b =4in E=200kpsi w=1001lb/in L=3ft

A) 438 in
B) 5.26 in
C) 6.151n
D) 7.07 in

The AnswersisB

Step 1: The slope at the free end of cantilever beam is the maximum. Using any mechanics of
material book, the maximum slope can be calculated as

_W0L3 _W0L3 _W0L3
6, = = = = —0.02
24E] b3~ 2EbR
245 2
12
Step 2: determine h
L3 100 lb/in)(36 in)3
3 = 03’; = ( /) l;)) = 145.8 in®
(0.02) 0.02)2 (200 x 103 %) (4 in)
n
h=>5.26in
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A 15 ft long reinforced concrete cantilever beam is subject to factored shear of 105 kips

at the fixed end. The shear support from the concrete is 57 kips. The beam cross section is 18 in
by 28 in. f, = 60000 psi, f; = 4000 psi. The depth of the steel is 25 in. #3 stirrups are used.

Determine the required spacing for the shear reinforcement at the support.

6bars —T— |a\ .
e O

SRV EI R RIS I TR IR :

b . . .

Length

A)12in B)4.4in
C)12.5in D)3.9in

The AnswersisD

ACI 318-08,11.1 & 11.2

Step 1: The given ultimate shear at the support is greater than the shear that the concrete
can support. Knowing this we will calculate required spacing using the appropriate
relationships. Determine the shear that will need to be carried by the steel and the spacing
to do so. This will require a resistance factor to be considered. Use the resistance factor

table. For shear use 0.75.

W

|74 E— V. = 84.33 kips

#3 stirrups are used for this system. Look up the area for a #3 bar at the appropriate table.
The area is 0.11 in® the total shear area will be double since it crosses the cross section

twice.
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A, = (2)(0.11 in?) = 0.22 in?
Determine the required spacing.

A,fyd  (0.22 in?)(60000 psi)(25 in)
S = =

=391
v, (84330 Ib) m

Step 2: Calculate the maximum spacing and make sure they are not less than the required
spacing calculated. To know which set of maximums to use calculate the limit and test
against Vs.

1ki
4b,,d.[f! = 4(18 in)(25 in),/4000 psi (10001319) = 113.84 kips

113.84 > 84.33 kips

Use first set of maximums.

s=E=12.5inor24in

Both of these are greater than the value we calculated for spacing.

~3.91n
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17)  The column shown is a W 21 X 50 steel member. The applied dead load is 7 kips.
Neglect self-weight. The column length is 12 ft tall. The column is not braced along the length.
Assume Fy = 50ksi. Determine the effective length of the column.

Load

/ Fixed

VA A

A) 12 ft B) 14.4 ft
C)24.2 ft D) 9.5 ft

The Answersis D

TABLEC-C22

APPROXIMATE VALUES OF EFFECTIVE LENGTH FACTOR, K

BUCKLED SHAPE OF COLUMM IS (& = ie) {d)
'

SHOWN BY DASHED LINE. | }

THEORETICAL K VALUE 0 0

RECOMMENDED DESIGN

VALUE WHEN IDEAL CONDITIONS 0.65 080 12 10 240 20
ARE APPROXIMATED

END CONDITION CODE ROTATION FIXED AND TRANSLATION FIXED

ROTATION FREE AND TRANSLATION AXED
ROTATION AXED AND TRANSLATION FREE
ROTATION FREE AND TRANSLATION FREE

-84
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Step 1: We first need to determine an effective length factor for the column. The top end of our
system is fixed in translation but free in rotation, and the bottom end is fixed in both translation
and rotation. See the appropriate table which is shown above. For our system select an effective

length factor of 0.8 for design.

Step 2: Calculate the effective length for our column.
KL = (0.8)(12 ft) = 9.6 ft

The column size and applied load are extra information.

~9.5 ft
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18) A simply supported and fully braced beam spans 30 ft and carries a dead and live
distributed load of 0.5 kip/ft and 0.8 kip/ft respectively. Using the 1.2D + 1.6L combination. If
the Plastic section modulus is given equal to 55 in® for the assumed section, find the maximum
stress in the section. (The beam made of steel with 50 KSI strength.)

TTTT O LTI

Length

A)50KSI  B)46KSI
C)30KSI  D)38KSI

The AnswersisB

Step 1: Substitute the distributed dead load (wp) and distributed live load (wi) into the equation
to get the factored distributed load (wu).
kip kip kip

Now we calculate the maximum moment on the beam. Maximum moment equations for a

distributed load on a simple beam can be found in AISC table 3-23.

woz (1885R) ooy
M, = ‘é = 3 =211.5kip — ft

OM, = d)Mp

OM, = OF,Z, = Stress.Zy
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Take the maximum moment on the beam and set this equal to our moment capacity then find a

required section modulus.

in
M, = 211.5 kip — ft(12 E) = stress .55

Fb = 46.1 KSI
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19)  The top beam of the system is a W 18 X 60 members, the column is a W 14 X 74
members, and the middle two beams are W 21 X 73 members. The total height of the column is
30 ft. The length of all beams is 35 ft. Assume Fy and Fu are 50 ksi and 65 ksi respectively.
Assume there is no reduction in stiffness for inelastic buckling and connections are pinned.
Assume sidesway is not prevented. Determine the effective length factor for the column top half

of the column.

L beam L beam
B -+
1/2L
L beam ’ L beam
’:H [ %
1/2L
/ Fixed
L3 )
A)k=2.1 B) k=133
C)k=1.0 D)k=12

The Answersis A

In fact the question is tricky!

Since all connections are pinned there is no stiffness for the beams and the frame is sidesway

permitted and we do not need to use the following expressions:
I
x(1) ~
T =
Y&
@
2(z)
L./
T =
>(c5)
Lg

So, none of the beams are considered in this frame and just a cantilever column shall be

GtOp =T

Gpottom = T

considered and we may use the following table:
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fa | M1 &) | (@ | (o) |
LI L |4
I 1' \‘ i I
BUCKLED SHAPE OF COLUMN ‘ ii / \ ;‘ 1
15 SHOWN BY DASHED LINE { f 1§ ;
i
i j j
':1“‘
I|' t ! ‘. | ' [
THEORETICAL £ VALLE o5 | or | 10 [ 10 [ 20 20
RECOMMENDED DESIGN VALLE WHEN
IDEAL CONDITIONS ARE APPROWATED | 089 | 080 | 12 | 10 210 | 20
T | ROTATION FIXED ND TRANSLATION FOED
Y | ROTATION FFEE AND TRANSLATION FIXED
S SR P | ROTATION FIXED AND TRANSLATION FREE
T | ROTATION FREE AND TRANSLATION FREE
So for the cantilever column: K= 2.1
245
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20)  Three rain gages are located within or nearby a watershed, whose total area is 1100 acres.
Using the Thiessen polygon method, the portions of the watershed associated with gages A, B,
and C are 520, 310, and 270 acres, respectively. For a particular storm, it is determined that the
excess rainfall for these 3 portions of the watershed is 0.95, 1.23, and 1.44 inches, respectively.
What is the volume of runoff from this watershed for this storm?

A) 19.2 MG
B) 28.3 MG
C) 34.3 MG
D) 44.7 MG

The AnswersisC

Step 1: The volume of runoff is equal to the product of the watershed area and the excess
rainfall depth.

Step 2: Here the volume = (0.95 in)(1/12 ft/in)(520 acres)(43560 ft*/acre)+ (1.23 in)(1/12
ft/in)(310 acres)(43560 ft*/acre) + (1.44 in)(1/12 ft/in)(270 acres)(43560 ft*/acre)=4.59x10° ft’ =
34.3 MG (million gallons)
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21) At the design discharge, an existing single circular culvert has the following
characteristics: headwater elevation = 5.5 ft above invert, culvert diameter= 2.5 ft, critical depth
= 1.9 ft, uniform depth = 1.7 ft, and the outlet is free. Which of the following describes the
culvert flow under these conditions?

A) Inlet control, inlet is not submerged, critical flow at the inlet
B) Inlet control, inlet is submerged with orifice flow control
C) Outlet control, inlet is submerged

D) Outlet control, inlet is not submerged

The AnswersisB

Step 1: Since the critical depth is greater than the uniform depth, the culvert slope is steep.
Therefore the culvert is under inlet control.

Step 2: Since the headwater elevation above the invert is more than 1.2 times the pipe diameter,

the inlet will be submerged, and an orifice flow condition exists at the inlet.
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22)  Runoff from a 3-acre site is to be drained by a channel. The time of concentration for
this site is 40 minutes. The site has a runoff coefficient C=0.2. Rainfall quantities to be used for
design are 0.5 inches for a storm of duration 20 minutes, 0.7 inches for duration 40 minutes, and

0.9 inches for duration 60 minutes. For what discharge should this channel be designed?

A) 0.7 cfs B) 0.63 cfs C) 1.04 cfs D) 40 cfs

The AnswersisB

Step 1: Apply the rational formula:

Q=CiA

where Q is the discharge in cfs, C is the runoff coefficient for the watershed, i is the
rainfall intensity in inches/hour, and A is the watershed area in acres.

Step 2: In applying the rational method, rain falling over a time period equal to the time

of concentration of the watershed should be used. In this case, the time of concentration

is given as 40 minutes, or 0.67 hours, and the corresponding rainfall amount is 0.7 inches.

the rainfall intensity is
1= (0.7 inches)/(0.67 hour) = 1.04 inches/hour

Step 3: Solver for the discharge Q = C 1 A=(0.2) (1.04) (3) = 0.63 cfs
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23)  Given the following hyetograph what is the total precipitation?

Whamilly (nfhr

A) 1.4 inches B) 1.9 inches C) 3.8 inches D) 5.0 inches

The AnswersisB

The total precipitation is the sum of all the rainfall over a given period of time for a watershed.

Step 1: Determine the time interval
The time frame given is in half hour increments.

Step 2: Determine the rainfall for each interval

Time (hr) 0-0.5 0.5-1.0 | 1.0-1.5 | 1.5-2.0 | 2.0-2.5 | 2.5-3.0
Intensity (in/hr) 0.5 0.8 1.0 0.8 0.5 0.2
Rainfall (in) 0.25 0.40 0.50 0.38 0.25 0.10
Total Rainfall (in)] 0.25 0.65 1.15 1.53 1.78 1.88

Rainfall (hr 0-0.5)= 0.5 % 0.5 hr = 0.25 in
Rainfall (hr 0.5-1.0)= 0.8+ 0.5 hr = 0.40 in etc.

Step 3: Determine total rainfall
Total rainfall = 0.25+0.40+0.50+0.38+0.25+0.10=1.88 inches
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24)  All three pipes in the figure below have the same length and are connected in parallel.
The diameters are given. Determine the ratio of velocities in the branches. Assume the friction
factor for all the lines to be the same.

A 1ft

P —

[ B 10 inches ]

— . —
[ 8 inches ]
— 4
C
A) V¢ to VgtoV,= 1 to 1.223 to 1.684 C) Ve to VgtoV,= 1 to 1.118 to 1.224
B) V¢ to VgtoVa= 1 t0 2.3 to 3.1 D)VytoVgtoVe =1to 1.118 to 1.224

The AnswersisC

hia =his =hic
L v
b =)

L 2 Lg. ,V LoV
BEHGD = GHEGD) = kGIE)
Vazy  _ (Y2 _ (Ve
(‘?A) = (D‘}g) = (DCV
Vazy _— Vezy _ Ve
( 1 - (0.8333) - (0.667)

1 Va2 =12Vg? =1.5V¢?
LCth =1
Then
1.5(1)> =1.2 Vg?
1.5(1)% 1
VB =[—1.2 ]2
Vs =1.118
Also
1.5 (1) = Va?

_ 5?1
Va —[—1.2 ]2
Va =1.224

V¢ to VgtoVy= 1to 1.118 to 1.224
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25)  What is the approximate runoff for a watershed with the given hydrograph?

Discharge [cfs)

olll{lllllll )

1
Time [I|r]2 E

A) 47f%  B) 14500f C) 17,000 f D) 23,500

The AnswersisC

Runoff volume is the area under a hydrograph

Step 1: Divide the area under the hydrograph into easily calculable areas

rTrrrrerr e
L fime g’ b

3.5 cfs*(1.6—0.3)hr

Triangle 1 = * 3600% = 8190 ft3
*3600— = 6300 ft3
hr

*3600— = 2700 ft3
hr

3.5 cfs*(2.6—1.6)hr

Triangle 2 =
1.5 cfsx(3.5—2.5)hr

Triangle 3 =

Step 2: Determine the total area
Total = 8190 + 6300 + 2700 = 17190 ft3
This is an approximate due to triangle approximation.
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26)  Two pipelines carry water from a common starting point to a common end point. The
two pipes have the same friction factor f and diameter, but pipe 1 is twice as long as pipe 2.
What fraction of the discharge between the start and end points flows through pipe 1?

A) 34% B) 41% C) 50% D) 67%

The AnswersisB

Step 1: For 2 pipes in parallel, the head loss in each pipe is equal.

Step 2: Using the Darcy Weisbach equation, equating the head losses in pipes 1 and 2 gives fi
(L1/D1) Vi?2g = f2 (L2/D2) V2%/2g

Step 3: Given that fi = f2, D1 = D2, we get that V1?/V2? = (L2/L1)=0.5, or Vi/V2=(0.5)"2
= (.71. Since the diameters and pipe areas are the same Qi1/Q2 =0.71. Then Qi/(Qi+Q2)=
1/(1+1/0.71)=0.41 = 41%
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27) A 600 ft long equal-tangent crest vertical curve connects grades of +4.0% and -2.5%. The
point of vertical intersection (PVI) is located at station 123+00 with an elevation of 62.80 ft.
What is the elevation of the PVT?

A) 55.30 ft B) 70.30 ft C) 73.50 ft D) 65.30 ft

The Answersis A

P3-151, AASHTO Geometric Design-Green Book 2011, 2011, 6" ed

Step 1:
The horizontal distance between the vertex (PVI) and the Point of Vertical Tangency (PVT) is

half of the curve length.

PVI

gi=4.0% T gy =2.5%

L 600 ft
2 2

=300 ft

Step 2:
The grade between PVI and PVT is g2=-2.5%. Therefore, the vertical distance between PVI and

PVT s

L
Ah =g, (E) = (=2.5%) x 300 ft = —7.50 ft

Step 3:
The elevation of PVT is

PVI elevation + Ah = 62.80 ft — 7.50 ft = 55.30 ft
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28) A horizontal circular curve has a radius of 120 ft. The station of PC is sta 22+10.00. At
point X (station 22+60.00) on the curve, a stake is to be placed. The deflection angle between

tangent PI-PC and chord X-PC is most nearly

A) 14°56'12" B) 13°06'12"
C) 11°56'12" D) 11°44'43"

The AnswersisC

Step 1:
The curve length between X and PC is

1 = (sta22+ 60.00) — (sta22 + 10.00) = 50 ft

Step 2:
180°1 _ 180°(50 ft)

Rt (120 fOm = 23.873"%

The angle for curve length lis d =

Step 3:

The deflection angle between tangent PI-PC and chord X-PC is half of the angle for curve length

1

1 23.873°
a=—d=

> = 11.9366° = 11°56'12"
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29)  What is the minimum Average Daily Traffic (ADT) passing in one lane with the speed of
50 mph in the level terrain?

A) 1500-2000 B) 400-1500

C) >2000 D) =2000

The AnswersisC

AASHTO, A policy on Geometric design of Highways and Streets, Table V-I
This is the definition in the code.

For the 50 mph in the level terrain, or 40 mph in the rolling terrain, and 30 mph in the

mountanious terrain the design volume for each lane (ADT) is considered as: >2000
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30)  Particle size analysis was carried out on a soil with the results shown in the following
table. Classify the soil according to the Unified Soil Classification system (USCS).

Size Percent Passing
12.5 mm 100
9.5 mm 60
No. 4 (4.75 mm) 40
No. 20 (0.85 mm) 30
No. 60 (0.25 mm) 10
No. 200 (0.075 mm) 4
A) GC B) GP C)Sp D) SM

The AnswersisB

Step 1:

Because only 5% of the soil is smaller than No. 200 sieve size, the soil is coarse-grained
according to the Unified Soil Classification table

Step 2:

The gravel fraction of the soil is those larger than No. 4 sieve size, which is (100-40)=60. The
sand fraction of the soil is those larger than No. 200 sieve size but less than No. 4 sieve size,
which is (40-5)=35. Since 60>35, there are more gravels than sands in the coarse fraction of the
soil. The first letter of the USCS group symbol is G according to the Unified Soil Classification
table

Step 3:

Because the clay+silt fraction of the soil (fraction smaller than No. 200 sieve size) is very small
(4%), the gravel contains little fines (clean). Therefore, the second letter of the USCS group
symbol is either W or P.
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Step 4:

From the gradation curve table, it is known that the grain size corresponding to 10% finer on
grain size curve (D;) is 0.25 mm, the grain size corresponding to 30% finer on grain size curve
(D3p) 1s 0.85 mm, the grain size corresponding to 60% finer on grain size curve (Dg) 1s 9.5 mm.
Therefore, the coefficient of uniformity (Cy)is

_Dgp  95mm
" Dyy 025mm

Cy

The coefficient of curvature (C;)is

_ (D39)? (0.85 mm)?
"~ DioDgy  (0.25 mm)(9.5 mm)

C. =0.30

Step 35:

Because C; is outside of the range of 1 to 3, the soil is poorly graded. Therefore, the second letter

of the USCS group symbol is P.

Therefore, the soil is classified as GP according to USCS.
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31)  The subgrade of a highway is compacted from a natural soil layer. It is known that the
natural soil has a total unit weight of 20 kN/m3, and a dry unit weight of 18 kN/m3. It needs to
be compacted to attain a dry unit weight of 19 kN/m3 and a water content of 15%. What is the
total unit weight of the compacted soil?

kN kN kN kN
A) 21.855 B) 22.855 Q) 23.8SF D) 24.85;

The Answersis A

Step 1:

From the given information, it is known that after compaction the subgrade soil has a dry

unit weight (7)) of 19 kN/m? and a water content () of 15%.

Step 2:

The total unit weight of the compacted soil is

kN 0 kN
y=1p0+w)= 19EX (1+15%) = 21.85F

Note: It can be calculated to see that the water content of the compacted soil is higher
than that of the uncompacted soil, therefore water must be added during compaction.

However, this is irrelevant to the question in this problem.
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32)  An engineer specifies that the concrete structure must have a strength to withstand an
object with a diameter of 0.75 inches and a force of 2500 lbs. Determine the required average
compressive strength for a plant where the standard deviation is unknown given the equations.
The following table may be consulted:

fler=f'c+1.34s f'cr=f'c+2.335s—-500

Specified Compressive Required Average Compressive
Strength, f’c (psi) Strength, f’cr (psi)

<3000 ¢ + 1000

3000 to 5000 ¢ + 1200

> 5000 ¢ + 1400
A) 5659 psi
B) 6259 psi
C) 6659 psi
D) 7059 psi

The Answersis D

Step 1. Determine the pressure exerted on the structure with the following equation:

!

= Forceopject

Areaobject

25001bs

fc:n*0.752
4

= 5659 psi

Step 2. Use the chart provided to calculate the required average compressive strength.
NOTE: f’c¢c > 5000psi.
f'er = f'c + 1400

f'cr = 5659 + 1400 = 7059psi
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33)  The stress-strain test of a steel bar shows in the following graph. Which point shows the
yield stress?

Stress

Stram ——=

A) C
B) B
C) A
D) D

The AnswersisD

This is the definition for the strain stress curve. All practice codes consider lower yield point
as the yield stress.

mit  Maximum or
Elastic limht uttimate
Upper yield point D
C Fracture or E
T breaking atrength
A C' Lowear vield point :
Stress yecpo " J
Plastic zone
Elastic zons
Area = modulus of reslliance
O Straln —»
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34) A circular foundation on the soil with a diameter of 10 feet is tested to find the allowable
bearing capacity. If the soil fails under a force of 500,000 Ib, and the factor of safety considered
as 3, find the allowable stress of soil.

A) 14.7 psi B) 44.2 psi C) 56.7 psi D) 113.4 psi

The Answersis A

Step 1:

The normal stress at failure, oy, is calculated by oy = g, where P= normal force at
failure; A=cross-sectional area of sample over which force acts.

Step 2:

From the given information, it is known that P = 5000001bf, 4 = ”TDZ =

m(10%12 inches)?
4

Step 3:

The ultimate compressive strength, q,, is equal to the normal stress at failure. q, = oy =

44.209 psi.

P 500000 Ibf

= 11309.7 in?. Therefore, 6y = - = ————
A 11309.7 in

= 44.209 psi.

Step 4:
The allowable stress of soil = qu/FS = 44.209/3 = 14.73 psi
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35) A new roadway construction requires the sub base soil to have a dry density of 125 pcf
and optimum moisture content (OMC) of 12.5%. A smooth drum roller will be used to compact
the soil in 4-inch-thick lifts while the width is 32 ft. The soil has been tested in place and the
results show moisture content of 6%. The water must be added to the stationing length of 100ft
to obtain the required moisture content for compaction. How many gallons per yard must be
added to meet the requirements?

A) 3.42 gal/yd?
B) 5.63 gal/yd®
C) 2.34 gal/yd?
D) 2.93 gal/yd?

The AnswersisD

Gallons of Water =

Compacted cubic feet of soil

8.331b/gal
Goal water content% — Existing water content %

= Desired dry density (pcf) X

100
32ft x 100ft(sta.) X (4in/12 in/ft) o 12.5% — 6%

8.33 1b/gal 100

1040.42 gal/sta.

Gallonsyd? = =293 gal /yd?
AHONSYE = 32t x 100ft/sta)/9 ft? [yd? gal/y

*See Fundamentals of Building Construction: Materials and Methods Wiley

= 1040.42 gal /sta.

= 125 pcf X
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36)  For the reinforced concrete slabs like the following picture, if the width is given equal to
20, then what would be the maximum length of the slab if the designer wants to have two way
slab and have the following reinforcement arrangement? (The slab supported by edge beam in
two sides and there is no edge beam at the other sides.)

Edge beams

= ! I
|3.0m
v
. 1% floor
-
H]\

=7 |

A) 40’ B) It’s impossible to have two way slab

No edge beam  Edge beam

C) 20° D) 55

The AnswersisB

ACI 318-08, 13.6.1.6. & 7: For panel with beams between supportson all sides moment
distribution is permitted.

According to the code the stiffness of beams will create the support on all sides, therefore the
two way slab can be created. Panels with beams on two parallel edges is the one way slab so at
no circumstances the designer cannot create the two way slab unless the designer add two beams
on other edges or design the slab without beams on all edges. (i.e., according to the code 13.2.4.,
beams should be monolithic (or fully composite with slab) to make the two way slab, or
according to 13.2.1., the slabs without beams on all sides the slab can have the two way slab
behavior.

So, in this question the slab is the one way slab at all conditions.
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37) For the following bridge shown in the following picture, what is the maximum distance
between the net and the bridge deck that a fall can be arrested by that net?

Maximum fall arrested height net
A) 10° B) 15
C) 30 D) 20

The AnswersisC

OSHA 29 CFR 1926.502(c)
According to the code: 30’
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38)  For the excavation shown in the below figure, find the lateral earth pressure on each
supporting structures if the spacing of them are about 10°. (Ka=0.3, Soil density = 150 pcf)

Spacing=10’ including hefght of foun

A) 11250 b/t B) 1125 Ib/ft

C)9000 Ib/ft D) 900 Ib/ft

The Answersis A

Adjacent Construction Project Manual, Office of Joint Development & Adjacent
Construction, September 16, 2013 (Revision 5)

Lateral Earth Pressure and Groundwater Pressure. The basic horizontal earth pressures shall be
computed using the active earth pressure. The resultant or total active earth pressure shall be
multiplied by a stiffness factor depending upon the required stiffness. The resulting load shall be
redistributed on the cofferdam in a trapezoidal pressure diagram. The stiffness factors shall be
applied to both the cofferdam design and the bracing system. The stiffness factors shall be
assigned as follows:

1. Use stiffness factor = 1.25 for a soldier pile and lagging or a sheet pile support system.
2. Use stiffness factor = 1.5 for a slurry wall, secant and tangent pile wall support system.
So: P = y*xhx*k,*1.25=150%20*%0.3*1.25=1125 psf

Pressure * spacing of the soldiers = 1125*10 = 11250 Ib/ft
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39) 100 yd3 of bank run soil is excavated and stockpiled before being transported and
subsequently compacted. Swell and shrinkage factors for the soil are given equal to 0.30 and
0.12 respectively. The final volume of the compacted earth is most nearly.

A) 130 B) 65
C) 88 D) 112

The AnswersisC

Swell is measures with respect to the banked condition. The stockpiled and transported volume
will be: Vt = (1 + Swell coef ficient) x bank = (1 + 0.30) * 100 = 130 yd3

Shrinkage coefficient gives the compacted volume, so the answer is:

Ve = (1 — Shirnkage Coef ficient) = bank = (1 — 0.12) * 100 = 88 yd3
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40)  For the following picture which shows a ditch checks for erosion control, which answer
is the best description of both ditches?

Figure 2

A) 1: Rock ditch for grade <6%, 2: Bale ditch for grade >6%
B) 1: Bale ditch for grade >6%, 2: Rock ditch for grade <6%,
C) 1: Rock ditch for grade >6%, 2: Bale ditch for grade <6%
D) 1: Rock ditch for grade >2%, 2: Bale ditch for grade <2%

The AnswersisC

Experiences show that for the grade< 6% the bale ditch check the erosion, and the rock ditch
works for grade >6%.
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