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EXCAVATION AND EMBANKMENT........................................................................................................................

PROBLEM 1........................................................................................................................

An area is to be excavated with excavation depths as
shown. A truck can carry 12 yd3 of soil. The soil’s swell
factor is 8%. What is most nearly the number of truck
loads that will be needed to transport the excavated soil
to a dump site?

A B

CD

E
F

40
 ft

28
 ft

33 ft 17 ft

7.8 ft 9.5 ft

7.3 ft 8.0 ft

10.2 ft 6.8 ft

(A) 40 loads

(B) 45 loads

(C) 50 loads

(D) 60 loads

Hint: First find the volume of excavated soil.

PROBLEM 2........................................................................................................................

The diagram shown represents the cross section of a
site. The soil’s shrinkage factor is 12%. What is most
nearly the net cut from sta 2+00 to sta 2+50?

C1 = 170 ft2

F1 = 200 ft2

sta 2+00

finished
grade

ground
surface

sta 2+50C2 = 230 ft2

F2 = 120 ft2

(A) 35 yd3

(B) 75 yd3

(C) 300 yd3

(D) 370 yd3

Hint: The net cut volume takes into account both the cut and fill volumes.

PROBLEM 3........................................................................................................................

Compacted soil 5 ft deep is needed for a building’s
200 ft × 100 ft foundation. The soil will be borrowed
from a bank. The borrow soil has a wet density of
120 lbm/ft3, a water content of 7%, a shrinkage factor of
10%, and a swell factor of 12%. The required loose bank
volume and contained water weight are most nearly

(A) 4120 yd3; 880,000 lbf

(B) 4120 yd3; 940,000 lbf

(C) 4610 yd3; 977,000 lbf

(D) 4610 yd3; 1,050,000 lbf

Hint: Use the soil density to obtain soil weight from soil volume and find the weight of the
water.

1 Earthwork Construction and
Layoutp
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SOLUTION 11........................................................................................................................

Taking the cycle time and swing-depth factor from
Table 1 and Table 2 given in the problem, the produc-
tion of the excavator is

=
×

=

=

P V(cycle†time)(swing-depth†factor)

(bucket†factor)(efficiency)

160†
cycles

hr
(1.10) 2†

yd

cycle
(0.9)

50†min
60†min

264†yd /hr (260†yd /hr)

bucket

3

3 3

The answer is (B).

Why Other Options Are Wrong

(A) This incorrect option did not include the swing
depth factor in the calculation.

(C) This incorrect option did not include the bucket
factor in the calculation.

(D) This incorrect option did not include the work effi-
ciency in the calculation.

SOLUTION 12........................................................................................................................

Convert the production, P, of the static compact roller
into cubic yards per hour. w is the width of the roller, v
is the speed of the roller, B is the depth of the lift, and n
is the number of passes.

= =

=

( )
P

w B
n
v

(8†ft) 5†
mi
hr

5280†
ft
mi

24†in

12†
in
ft

(2) 27†
ft

yd

7822†yd /hr

3

3

3

The total volume to be compacted is

= =

=

V Ldh
(200†ft)(300†ft)(2†ft)(2)

27†
ft

yd

8889†yd

3

3

3

Therefore, the time that it requires to compact two lifts
of soil is

= =

=

t
V
P

8889†yd

7822†
yd

hr
1.14†hr (1.2†hr)

required

3

3

The answer is (D).

Why Other Options Are Wrong

(A) This incorrect option did not convert the depth of
the lift from inches to feet when calculating the produc-
tion of the roller per hour.

(B) This incorrect option did not divide the production
volume by 2 to account for the second pass. Further-
more, it included only one lift.

(C) This incorrect option did not divide the production
volume by 2 to account for the second pass.

SOLUTION 13........................................................................................................................

From the table, the cycle time of a single pusher using
the chain method is 1 min. The number of scrapers, n,
one pusher can serve in a cycle, t, is

= = =n
t

t
5†min
1†min

5
scraper

pusher

Find the number of pushers required to serve eight
scrapers.

= =n
8
5

1.6 (2)required

The answer is (B).

Why Other Options Are Wrong

(A) This incorrect option rounded down the number of
pushers required rather than rounding up.

(C) This incorrect option only solved for the number of
scrapers one pusher can serve.

(D) This incorrect option assumed that one pusher
services each scraper separately.
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PROBLEM 9........................................................................................................................

A concrete exterior wall is shown. The concrete is
poured at a rate of 6 ft/hr at a temperature of 45°F.
The spacing of the wales is 18 in, and the form tie spac-
ing is 24 in. Form tie yield stress is 24 kips/in2 with a
strength reduction factor of 0.9. What form tie diameter
is the minimum allowable?

plan view

tie

(not to scale)

18 in

wale

AA

tie wedge

wale

tie

elevation view
section A-A

24 in

(A) 3
8 in

(B) 1
2 in

(C) 5
8 in

(D) 3
4 in

Hint: The load a form tie can support is the product of yield stress and cross-sectional area.

SHORING AND RESHORING........................................................................................................................

PROBLEM 10........................................................................................................................

According to ACI 347, which of the following state-
ments about reshores is FALSE?

(A) They are vertical or inclined support members
designed to carry the weight of formwork loads
immediately above.

(B) They must be placed snugly under a stripped
concrete slab.

(C) They are installed only after a concrete slab is
able to support its own weight.

(D) They are placed after shores are removed.

Hint: Consult ACI 347.

BRACING AND ANCHORAGE FOR STABILITY........................................................................................................................

PROBLEM 11........................................................................................................................

The formwork for a square concrete column will be used
at a jobsite for two weeks. The local wind load at the
jobsite is 110 mph for an average one-minute gust. If the
wind direction, velocity pressure, and topographic fac-
tors all have a value of 1.0, what is most nearly the ten-
sile force in brace B?

12 ft

2 ft 8 ft

brace A

brace B

4 ft
roller
connection

pinned
connection

roller
connection

45∘

(A) 100 lbf

(B) 170 lbf

(C) 290 lbf

(D) 690 lbf

Hint: Consult ASCE 37 Sec. 6.2.

PROBLEM 12........................................................................................................................

A concrete wall will be poured under windy conditions.
The wall formwork shown is braced using nominal
2 in × 4 in wooden members. The wooden members
have a maximum compressive stress of 800 lbf/in2, a
maximum stress in tension of 750 lbf/in2, and a modulus
of elasticity of 1,200,000 lbf/in2. The wind load at the
top of the form is 80 lbf/ft, and the maximum

6-46-4 S I X - M I N U T E S O L U T I O N S F O R C I V I L P E C O N S T R U C T I O N D E P T H
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The diameter that corresponds to this cross-
sectional area is

=

= =

=

A
d

d
A

4

4 (4)(0.188†in )

0.489†in

cross

2

cross
2

The commercially available form tie that meets the min-
imum allowable diameter is 1

2 in (0.50 in).

The answer is (B).

Why Other Options Are Wrong

(A) This incorrect option used a diameter smaller than
was necessary.

(C) This incorrect option used a diameter greater than
was necessary.

(D) This incorrect option used a diameter greater than
was necessary.

SOLUTION 10........................................................................................................................

ACI 347 defines shores (not reshores) as “vertical or
inclined support members designed to carry the weight
of the formwork, concrete, and construction loads
above.” Reshores are defined as “shores placed snugly
under a stripped concrete slab or other structural mem-
ber after the original forms and shores have been
removed…” Before reshores may be installed, the con-
crete slab or structural member must be able to deflect
and support its own weight, as well as supplied existing
loads. However, when construction of the upper floors
finishes, the reshoring can support the concrete and
formwork weight that is transferred from the shoring of
upper floors to the concrete that is immediately above
the reshoring. Since the reshoring is snugly fitted under
the concrete slab, it will take any additional weight that
is transferred from floors above immediate support
level.

The answer is (A).

Why Other Options Are Wrong

(B) This incorrect option is a correct statement about
reshores—they must be placed snugly under a stripped
concrete slab or other structural member.

(C) This incorrect option is a correct statement about
reshores—they are installed only after a concrete slab is
able to support its own weight.

(D) This incorrect option is a correct statement about
reshores—they are placed after shores and original
forms are removed.

SOLUTION 11........................................................................................................................

Find the lateral wind velocity pressure, q. The wind velocity
is 110 mph; however, for temporary structures used less
than six weeks, a reduction factor of 0.75 must be applied
(ASCE 37 Sec. 6.2.1). Since the formwork will only stand
for two weeks, apply the 0.75 reduction factor to the wind
velocity. Also, for one-minute average wind speeds, a factor
of 1.26 must be applied to the wind velocity (ASCE 37
Sec. C6.2.1.2). ASCE 37 points to ASCE 7-10 Eq. 27.3-1 to
determine the wind velocity pressure. (This equation is not
dimensionally consistent.)

=

=

×

=

( )

q K K K I0.00256 v

(0.00256)(1.0)(1.0)(1.0)

110†
mi
hr

(0.75)(1.26) (1.0)

27.66†lbf/ft

z zt dwind,psf
2

2

2

The importance factor, I, is 1.0 for all environmental
loads, per ASCE 7-10 Table 1.5-2.

The total wind force, Fwind, acting on the 2 ft × 12 ft tall
column is

=

=

=

F q w h

27.66†
lbf

ft
(2†ft)(12†ft)

663.84†lbf

wind wind,psf formwork formwork

2

Calculate the force in brace B.

Take the moment around the bottom of the column,
with a clockwise moment from the wind and a counter-
clockwise from the vertical reaction of the pin. Since the
concrete column and form are in equilibrium, the
moment from the wind load and the moment from the
vertical reaction of the pin must cancel out.

= =

=

=

M P

P

(663.84†lbf)(6†ft) (8†ft) 0

(663.84†lbf)(6†ft)

8†ft
497.88†lbf

y

y

bottom

The horizontal pin reaction, Px, has the same magnitude
as the wind force. So, Px is 663.84 lbf.

From static equilibrium, the forces at the pin must can-
cel out. Therefore, the vertical force from brace A must
equal the vertical reaction of the pin.

= =

=

F P
F

sin 497.88†lbf

704.11†lbf [compression]

yA

A
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Using left as negative, right as positive, the horizontal
force from brace B is

F F P
F

F

cos 0

497.88†lbf 663.84†lbf 0

165.96†lbf

(170†lbf) [tension]

xB A

B

B

+ =
+ =

=

The answer is (B).

Why Other Options Are Wrong

(A) This incorrect option did not account for the wind
suction factor.

(C) This incorrect option did not multiply the wind
force by the temporary structure reduction factor before
calculating the lateral wind pressure.

(D) This incorrect option found the force in brace A,
not brace B.

SOLUTION 12........................................................................................................................

Find the length of the strut, l, using the Pythagorean
theorem. h′ is the height of the top of the strut and l ′ is
the horizontal distance from the form to the bottom of
the strut.

l h l

l h l (4†ft) (3†ft)

5†ft

2 2 2

2 2 2 2

= +

= + = +

=

Derive the axial load, p , per foot on the brace. H is the
lateral (wind) load at the top of the form, and h is the
height of the form.

l
l

p h Hh

p
l
l

h Hh

cos

( cos )

=

=

=

Therefore, the axial load is

p
Hhl
h l

80†
lbf
ft

(5†ft)(5†ft)

(4†ft)(3†ft)

166.7†lbf/ft

= =

=

The slenderness ratio of the strut should be kept under
50 so that no additional bracing is needed.

( )l
d

(5†ft) 12†
in
ft

1.5†in
40 [ 50, so†OK]= = <

Find the allowable compressive stress on the brace for
buckling.

( )
F

E

l
d

0.3 (0.3) 1,200,000†
lbf

in

(5†ft) 12†
in
ft

1.5†in

225†lbf/in 800†lbf/in [controls]

c
lbf/in

in

in

2

2

2

2 2

2

= =

= <

The maximum axial load that the strut can withstand is

p 225†
lbf

in
(1.5†in)(3.5†in)

1181†lbf

2
=

=

The axial pressure from the wind was previously calcu-
lated as 166.7 lbf/ft. Therefore, the maximum strut
spacing is

s
p
p

1181†lbf

166.7†
lbf
ft

7.08†ft (7.0†ft)

= =

=

The answer is (A).

Why Other Options Are Wrong

(B) This incorrect option used actual dimensions of the
brace instead of nominal dimensions.

(C) This incorrect option did not convert the lateral
wind pressure to axial pressure.

(D) This incorrect option assumed the strut’s allowable
compressive stress was the same as the maximum com-
pressive stress.

SOLUTION 13........................................................................................................................

The distance from the center of the face unit in question to
the top of the retaining wall is

h n h (3.5)(3†ft)

10.5†ft
units per†unit= =

=
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