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The minimum recommended library for the PE Civil
structural depth exam includes the NCEES-adopted
design codes, the Civil Engineering Reference Manual
and the Structural Depth Reference Manual for the PE
Civil Exam. Most problems on the PE Civil structural
depth exam can be solved using the NCEES-adopted
design codes and your knowledge of general engineering
principles. As a general rule, you shouldn’t bring books
to the exam that you didn’t use during your exam
review.

The information that was used to write this book was
based on exam specifications at the time of publication.
However, as with engineering practice itself, the PE
Civil structural depth exam is not always based on the
most current codes or cutting-edge technology. Simi-
larly, codes, standards, and regulations adopted by state
and local agencies often lag issuance by several years. It
is likely that the codes you use in practice and the codes
that are the basis of your exam will all be different.

PPI lists on its website the dates and editions of the
codes, standards, and regulations on which NCEES has
announced that the PE Civil structural depth exam is
based (ppi2pass.com/cefaq). It is your responsibility to
find out which codes are relevant to the PE Civil struc-
tural depth exam. In the meantime, here are the codes
and standards that have been incorporated into this
edition.

NCEES CODES........................................................................................................................

AASHTO: AASHTO LRFD Bridge Design Specifica-
tions, Seventh ed., 2015, American Association of State
Highway and Transportation Officials, Washington,
DC.

ACI 318: Building Code Requirements for Structural
Concrete, 2014, American Concrete Institute, Farming-
ton Hills, MI.

AISC Manual: Steel Construction Manual, Fourteenth
ed., 2011, American Institute of Steel Construction,
Inc., Chicago, IL.

ASCE/SEI7: Minimum Design Loads for Buildings and
Other Structures, 2010, American Society of Civil Engi-
neers, Reston, VA.

IBC: International Building Code, 2015 ed. (without
supplements), International Code Council, Inc., Falls
Church, VA.

NDS: National Design Specification for Wood Construc-
tion ASD/LRFD, 2015 ed., and National Design
Specification Supplement, Design Values for Wood Con-
struction, 2015 ed., American Forest & Paper Associa-
tion, Washington, DC.

OSHA CFR 29 Parts 1910 and 1926: Occupational
Safety and Health Standards for the Construction Indus-
try, U.S. Federal Version, January 2016. U.S. Depart-
ment of Labor, Washington, DC.

PCI: PCI Design Handbook: Precast and Prestressed
Concrete, Seventh ed., 2010, Precast/Prestressed Con-
crete Institute, Chicago, IL.

TMS 402/602 (ACI 530/530.1): Building Code Require-
ments and Specification for Masonry Structures (and
related commentaries), 2013; The Masonry Society,
Boulder, CO; American Concrete Institute, Detroit, MI;
and Structural Engineering Institute of the American
Society of Civil Engineers, Reston, VA.

REFERENCES AND OTHER CODES IN THIS
BOOK........................................................................................................................

The following references were used to prepare this book.
They may also be useful resources for exam preparation.

American Institute of Timber Construction. Standard
Specification for Structural Glued Laminated Timber of
Softwood Species (AITC 117).

ASTM International. Standard Specification for Hollow
Brick (Hollow Masonry Units Made from Clay or Shale)
(ASTM C652). ASTM International.

Bowles, Joseph E. Foundation Analysis and Design.
New York: McGraw-Hill.

The Masonry Society. Masonry Designers’ Guide
(MDG). Longmont, CO: The Masonry Society.

McCormac, Jack C. Structural Analysis. New York:
Harper & Row.

Nilson, Arthur H., David Darwin, and Charles W.
Dolan. Design of Concrete Structures. New York:
McGraw-Hill.

Codes and References Used to Prepare
This Bookp
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PROBLEM 4........................................................................................................................

A single-story steel-framed building has columns spaced
15 ft on center in the north/south direction and 20 ft on
center in the east/west direction. The columns support
a uniform dead load of 40 lbf/ft2. The building has an
ordinary roof with a 1:2 pitch. Using the International
Building Code (IBC), the minimum live load on an inte-
rior column is most nearly

(A) 4.1 kips

(B) 4.9 kips

(C) 6.0 kips

(D) 17 kips

Hint: IBC Sec. 1607 covers live loads.

PROBLEM 5........................................................................................................................

A two-story wood-framed apartment building is classi-
fied as seismic design category C according to the Inter-
national Building Code (IBC). Which of the following
statements about this building is FALSE?

(A) The total design lateral seismic force increases
as the building weight increases.

(B) The short-period response accelerations for this
site must be between 0.33 g and 0.50 g.

(C) There is no limit on story drift.

(D) When soil properties are not known in sufficient
detail to determine the site class, site class D
should be used unless determined otherwise by
the building official or unless geotechnical data
indicates that site class E or F soil is likely to be
present.

Hint: Refer to IBC Sec. 1613.

PROBLEM 6........................................................................................................................

A church is built with a wood roof that is exposed on the
interior. The roof beam is 60 ft in length. According to
the International Building Code (IBC), what is the total
deflection limit for the roof beam?

(A) 0.5 in

(B) 3 in

(C) 4 in

(D) 6 in

Hint: Refer to IBC Sec. 1604.3.

PROBLEM 7........................................................................................................................

Which of the following statements is/are FALSE regard-
ing the National Design Specification for Wood Con-
struction (NDS)?

I. The tabulated allowable bending design values
include the effects of the beam stability factor.

II. The tabulated allowable design values for struc-
tural glued laminated timber (glulam) include
adjustments for size.

III. The tabulated allowable design values for round
timber piles include adjustments to compensate
for the strength reduction associated with
untreated piles.

IV. The group action factor applies to all types of
wood connections (i.e., nails, bolts, and spikes).

(A) I only

(B) II only

(C) I and IV

(D) I, III, and IV

Hint: Use the applicability tables in the NDS to determine which factors apply.

PROBLEM 8........................................................................................................................

A two-story, 40 ft by 60 ft building is located in a
100 acre office park in suburban Michigan. The building
has an asphalt-shingle hip roof with a 6:12 pitch. The
roof is supported by rafters spanning the short direction
of the building from the eave to the ridge. The attic is
vented, the floor is insulated with R-30 insulation, and
the following load and factors apply.

snow importance factor, Is 1.0
snow exposure factor, Ce 0.9
ground snow load, pg 40 lbf/ft2

According to the International Building Code (IBC),
the maximum leeward snow load is most nearly

(A) 0 lbf/ft2

(B) 20 lbf/ft2

(C) 30 lbf/ft2

(D) 40 lbf/ft2

Hint: Refer to ASCE/SEI7 Chap. 7.
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SOLUTION 5........................................................................................................................

Section 1613 of the IBC refers to ASCE/SEI7 for seismic
design, which contains limits on story drift for all seis-
mic design categories. (See ASCE/SEI7 Sec. 12.12.)
Therefore, statement C is false.

The answer is (C).

Why Other Options Are Wrong

(A) According to the IBC and ASCE/SEI7, the design
lateral seismic force is directly proportional to the build-
ing weight. For example, ASCE/SEI7 Sec. 12.8 gives the
following equation for seismic base shear.

=V C W [ASCE/SEI7†Eq.†12.8-1]s

In this equation,W is the effective seismic weight, which
includes the total dead load. AsW increases, so does the
total design base shear, V. Statement A is true.

(B) Seismic design category is based on seismic use
Group and the design spectral response coefficients.

According to IBC Sec. 1604.5, an apartment building is
classified as risk category II.

Use IBC Table 1613.3.5(1) to determine that SDS is
between 0.33 g and 0.50 g, knowing the apartment build-
ing is classified as seismic design category C and risk
category II.

(D) IBC Sec. 1613.3.2 covers site class definitions. The
exception in this section states, “When the soil proper-
ties are not known in sufficient detail to determine the
site class, site class D shall be used¼” Statement D is
true.

SOLUTION 6........................................................................................................................

A roof member that does not support a ceiling is limited
by Table 1604.3 of the IBC to a total load deflection of
l/120.

= =

=

( )l
120

60†ft
120

12†
in
ft

6.0†in (6†in)

The answer is (D).

Why Other Options Are Wrong

(A) This incorrect solution does not convert the length
of the member to inches in calculating the deflection
limit. The units do not work out.

(B) This incorrect solution uses the deflection limit for
total load with plastered ceilings, l/240, instead of the
deflection limit for total load with no ceiling.

(C) This incorrect solution uses the total load deflection
limit for nonplastered ceilings, l/180, instead of the
deflection limit for no ceiling.

SOLUTION 7........................................................................................................................

The tabulated allowable bending design values must be
multiplied by the beam stability factor, CL, as specified
in NDS Sec. 3.3.3. Statement I is false.

The size factor does not apply to structural glulam tim-
ber. The adjustments to design values for structural glu-
lam timber are given in NDS Sec. 5.3. Statement II is
true.

NDS Sec. 6.3.5 specifies that the tabulated allowable
design values for round timber piles include adjustments
to compensate for the strength reductions due to steam
conditioning or boultonizing. The tabulated design val-
ues for untreated timber piles must be multiplied by the
condition treatment factor, Cct. Statement III is false.

The group action factor does not apply to all types of
wood connections. Timber rivets, metal plate connec-
tions, and spikes are among those connections to which
the group action factor does not apply [NDS
Sec. 10.3.1]. Statement IV is false.

The answer is (D).

Why Other Options Are Wrong

(A) This incorrect solution only identifies the first false
statement. Statements III and IV are also false.

(B) This incorrect solution identifies the only true state-
ment rather than those that are not true.

(C) This incorrect solution correctly identifies state-
ments I and IV as false but misreads NDS Sec. 6.3.5 to
indicate that the untreated factor is already incorpo-
rated into the design values.

SOLUTION 8........................................................................................................................

Section 1608 of the IBC states that design snow loads
must be determined in accordance with ASCE/SEI7
Chap. 7. Begin by determining the flat roof snow load,
pf, and adjusting it for the roof slope.

=p C C I p0.7 [ASCE/SEI7†Eq.†7.3-1]f e t s g

According to ASCE/SEI7 Table 7-3, the thermal factor,
Ct, for ventilated roofs with an R-value over 25 is 1.1.

Then, from the given values, the flat roof snow load is

= =

=

p C C I p0.7 (0.7)(0.9)(1.1)(1.0) 40†
lbf

ft

27.7†lbf/ft

f e t s g 2

2
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PROBLEM 11........................................................................................................................

The maximum factored shear in the 6 in × 9 in concrete
beam shown is 2000 lbf. Assume normalweight concrete
with a compressive strength of 3000 lbf/in2, and the
yield stress of the steel reinforcement is 60,000 lbf/in2.

What is most nearly the required shear reinforcement?

(A) no. 3 U-stirrups at 4.0 in spacing

(B) no. 3 U-stirrups at 4.5 in spacing

(C) no. 3 U-stirrups at 24 in spacing

(D) none

Hint: Refer to ACI 318 Sec. 22.5.

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

A 7.5 in wide × 16 in deep reinforced concrete masonry
lintel carries a total uniform load of 1120 lbf/ft, includ-
ing the self weight of the lintel. The load due to the
weight of the wall above the lintel is as shown for the lin-
tel span length, L. The specified compressive strength of
the masonry is 3000 lbf/in2. Two no. 4, grade 60 rein-
forcing bars are used side-by-side at the bottom of the
beam.

Using ASD, if the maximum moment on the lintel is
88,000 in-lbf what is most nearly the tensile stress in the
steel?

(A) 14,000 lbf/in2

(B) 15,000 lbf/in2

(C) 17,000 lbf/in2

(D) 32,000 lbf/in2

Hint: Calculate the effective depth of the reinforcement first.

PROBLEM 13........................................................................................................................

The tension member shown is constructed with two 2×
6 pieces of red oak. Four rows of three 1

2 in diameter
bolts are used to connect the pieces. The spacing
between the rows is 0.75 in. The spacing between the
closest fasteners, measured parallel to the rows, is 6.5 in.

modulus of elasticity 1.2 × 106 lbf/in2

load duration factor 1.0
wet service factor 1.0
temperature factor 1.0
geometry factor 1.0

end grain factor 1.0

Using ASD, what is most nearly the capacity of the
connection?

(A) 610 lbf

(B) 5800 lbf

(C) 7300 lbf

(D) 7700 lbf

Hint: Refer to NDS Chap. 10.
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direction for an interior column in an unbraced frame at
the second story?

(A) 8.5 ft

(B) 18 ft

(C) 21 ft

(D) 23 ft

Hint: Determine the relative stiffness parameter for the column.

PROBLEM 19........................................................................................................................

A brick masonry column (nominal area 20 in by 20 in;
actual dimensions as shown) is vertically reinforced with
four no. 8 grade 60 bars. The masonry has a specified
compressive strength of 3500 lbf/in2. The column’s
effective height to radius of gyration, h/r, ratio is 72.

Using allowable stress design, the allowable axial com-
pressive force is most nearly

(A) 284 kips

(B) 294 kips

(C) 306 kips

(D) 309 kips

Hint: Refer to TMS 402 Sec. 8.3.4.

PROBLEM 20........................................................................................................................

A square concrete footing with a compressive strength
of 3000 lbf/in2 supports an interior round column that is
located in the center of the footing. The column is 12 in
diameter, and the footing is 10 ft × 10 ft. The footing
thickness is 24 in, and punching shear controls. No. 7
bars are spaced equally in each direction at the bottom
of the footing. If the shear strength of the reinforcement
is ignored, the design two-way shear capacity of the foot-
ing is most nearly

(A) 230 kips

(B) 330 kips

(C) 360 kips

(D) 450 kips

Hint: Refer to ACI 318 Sec. 22.6.

PROBLEM 21........................................................................................................................

A deck is built on the back of a house in a cool humid 
climate using the design requirements contained in the 
NDS. A 2 × 8 beam is screwed to the face of a 4 × 4 
post as shown. The wood is southern pine. The 
screws shall have a penetration greater than or equal 
to ten times the shank diameter. The dead-load plus 
live-load end reaction of the beam is 605 lbf.

If five 12-gage wood screws are used, what is most
nearly the allowable load on the connection?

(A) 450 lbf

(B) 510 lbf

(C) 570 lbf

(D) 800 lbf

Hint: Refer to NDS Chap. 11 for wood screw design values.
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PROBLEM 29........................................................................................................................

An ASTM A992 W18× 40 composite beam with a 4 in
concrete slab supports a live load moment of 140 ft-kips
and a dead load moment of 80 ft-kips. The dead load
includes the weight of the slab and beam. The construc-
tion is unshored.

section modulus of the beam 68.4 in3

transformed section modulus,
measured to the bottom of the section

103 in3

transformed section modulus,
measured to the top of the concrete

350 in3

transformed section modulus,
measured to the steel/concrete
interface

1680 in3

Using ASD, the bending stress in the bottom fibers of
the steel beam due to dead load is most nearly

(A) 9.3 kips/in2

(B) 14 kips/in2

(C) 39 kips/in2

(D) 1200 lbf/in2

Hint: In unshored construction, the beam carries the full dead load.

PROBLEM 30........................................................................................................................

A steel channel strut is connected with high-strength
bolts with end-bearing connections. The strut is sub-
jected to a service dead load tensile force of 20 kips. The
service live load varies from a 10 kip compressive force
to a 50 kip tensile force. It is estimated that the live load
may be applied 200 times per day for the life of the
structure. The structure is expected to last at least
25 years. The structure is subject to normal atmospheric
conditions with temperatures less than 300°F. If the
channel is ASTM A36 steel, what is the lightest section
that can carry the load?

(A) C7 × 9.8

(B) C6 × 13

(C) C8 × 11.5

(D) C8 × 18.75

Hint: Reversal of the live load must be considered in the design.

PROBLEM 31........................................................................................................................

A simply supported composite ASTM A992 steel beam
has the following properties.

area of concrete 288 in2

weight of concrete 110 lbf/ft3

area of steel 11.8 in2

compressive strength of
concrete

3000 lbf/in2

yield stress of steel 50 kips/in2

The composite deck has a nominal rib height of 2 in, an
average rib width of 3 in, and one 3

4 in diameter stud
per rib in the strong position. The total number of studs
needed for full composite action is most nearly

(A) 35 studs

(B) 58 studs

(C) 70 studs

(D) 86 studs

Hint: Use Chap. I of the AISC Steel Construction Manual.

PROBLEM 32........................................................................................................................

Southern pine glued laminated timbers (glulams) are
used for rafters in a church. The rafters are uniformly
loaded and have full lateral support along the compres-
sion edges. The tabulated design bending value for the
tension zone stressed in tension, Fbxx, is 2000 lbf/in2.
The glulams have a width of 81

2 in and a depth of 271
2 in.

The distance between points of zero moment for the
timbers is 15 ft. The loads on each rafter are

dead load moment 60,000 ft-lbf
live load moment 90,000 ft-lbf
wind load moment 100,000 ft-lbf

[downward pressure]

3-9D E S I G N A N D D E T A I L S O F S T R U C T U R E S 3-9
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PROBLEM 36........................................................................................................................

Plywood sheathing is attached to 2 × 12 roof rafters
with 6d box nails. The nails penetrate 1 in into the raf-
ters. The rafters are spaced 16 in on center. All members
are southern pine. Sustained temperatures do not
exceed 100°F. If the design uplift wind load on the roof
is 36 lbf/ft2, the maximum nail spacing is most nearly

(A) 7.8 in

(B) 11 in

(C) 12 in

(D) 14 in

Hint: Refer to NDS Chap. 11.

PROBLEM 37........................................................................................................................

A 20 in × 24 in short concrete column carries an axial
factored load of 750 kips and a factored moment of
600 ft-kips. Bars are located on the short faces of the col-
umn, and g is 0.75. The concrete has a compressive
strength of 4000 lbf/in2, and the reinforcement has a
yield stress of 60,000 lbf/in2. The required area of steel
is most nearly

(A) 12 in2

(B) 14 in2

(C) 19 in2

(D) 36 in2

Hint: Use an interaction diagram to determine the required area of steel.

PROBLEM 38........................................................................................................................

A three-story reinforced concrete building is supported
on columns placed on a grid and spaced 20 ft apart in
each direction. The first story column length is 18 ft.
The second and third story column lengths are 13 ft.
Beams span between columns in both directions.
6000 lbf/in2 concrete with a modulus of elasticity of 4.4
× 106 lbf/in2 is used throughout the structure.

If the gross moment of inertia of the beams is 10,000 in4,
and the gross moment of inertia of the columns is 8748 in4,
what is the relative stiffness parameter, Y, at the top of
the first-floor corner column in either direction?

(A) 2.3

(B) 4.6

(C) 5.4

(D) 6.6

Hint: Refer to ACI 318 Chap. 6.

PROBLEM 39........................................................................................................................

The plan and elevation views of a reinforced concrete
bridge pier is shown.

If the water velocity of the stream’s design flood is
10 ft/sec, the unfactored longitudinal drag force acting
on the upstream edge of the bridge pier is most nearly

(A) 0.35 kips

(B) 3.5 kips

(C) 7.0 kips

(D) 21 kips

Hint: Use AASHTO LRFD Bridge Design Specifications Sec. 3.7.

PROBLEM 40........................................................................................................................

A 4.5 ft × 20 ft rectangular concrete footing supports
two 12 in concrete columns.

column 1j
dead load 116 kips
live load 64 kips

column 2
dead load 70 kips
live load 32 kips
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Building Code Requirements for Masonry Structures
(TMS 402) Sec. 4.2.2 specifies the moduli of elasticity of
steel and masonry, respectively, as

= ×

=

=

= ×

= =
×

×
=

E

E f

n
E
E

29 10 †lbf/in

900

(900) 3000†
lbf

in

2.7 10 †lbf/in

29 10 †
lbf

in

2.7 10 †
lbf

in

10.7

[for†concrete†masonry]

s

m m

s

m

6 2

2

6 2

6
2

6
2

Given two no. 4 bars, App. E of ACI 318 lists the area of
a no. 4 reinforcing bar as 0.20 in2.

= =

= =

=

= +

= +

=

= = =

( )

A

A

bd

k n n n

j
k

(2)(0.20†in ) 0.40†in

0.40†in
(7.5†in)(14†in)

0.00381

2 ( )

(2)(0.00381)(10.7) (0.00381)(10.7)

(0.00381)(10.7)

0.248

1
3

1
0.248

3
0.917

s

s

,prov
2 2

,prov
2

2

2

The stress in the steel is

= =

=

f
M

A jd
88,000†in-lbf

(0.40†in )(0.917)(14†in)

17,137†lbf/in (17,000†lbf/in )

s
s

2

2 2

The allowable tensile stress in the steel is given in TMS
402 Sec. 8.3.3 for grade 60 reinforcement.

= >F 32,000†lbf/in fs[ ]s
2

Therefore, the tensile stress in the steel is 17,000 lbf/in².

The answer is (C).

Why Other Options Are Wrong

(A) This incorrect solution uses the clear span for the
span length. The span length should include one-half of
the bearing length on each side of the opening.

(B) This incorrect solution uses the depth of the lintel
(16 in) for d instead of the effective depth to the
reinforcement.

(D) This incorrect solution finds the allowable stress in
the steel.

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

A bolt is classified as a dowel type fastener. The allow-
able load per fastener for dowel type fasteners is given in
NDS Table 10.3.1 as

=Z ZC C C C C C C CD M t g eg di tn

The diaphragm factor, Cdi, and the toe-nail factor, Ctn,
do not apply. The other factors are given as 1.0. Calcu-
late Z and Cg.

NDS Table 11A gives the nominal lateral load for bolts
in single shear. Main-member and side-member thick-
ness are both 11

2 in. For a bolt diameter of 1
2 in, with the

load parallel to the grain, and red oak wood,

=Z 650†lbf/bolt

From NDS Supplement Table 1B, the areas of the main
member and the side member are

= =A A 8.25†inm s
2

The spacing between fasteners, s, is 6.5 in. The group
action factor, Cg, is calculated according to NDS
Sec. 10.3.6. Note that the group action factors listed in
NDS Table 10.3.6A are overly conservative in this case
and should not be used, since D< 1 in. Use NDS
Eq. 10.3-1 instead.

=
+ + +

×
+

( )
C

m m

n R m m m

R
m

(1 )

(1 )(1 ) 1

1

1
[ ]NDS†Eq.†10.3-1

g

n

n n

2

EA
2

EA

The number of fasteners in a row is defined in NDS
Sec. 10.3.6.2. When a< b/4, adjacent rows are consid-
ered as one row for the purpose of determining the
group action factors.

= = =

= =

= <

b
s

b

a

2
6.5†in

2
3.25†in

4
3.25†in

4
0.81†in

0.75†in b[ /4]
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Therefore, for the purpose of determining the group
action factors, there are two rows of six fasteners in this
case.

=

= =
×

×
=

n

R
E A

E A

6

1.2 10 †
lbf

in
(8.25†in )

1.2 10 †
lbf

in
(8.25†in )

1.0s s

m m
EA

6
2

2

6
2

2

= =

=

D180,000†
lbf
in

180,000†
lbf
in

(0.5)

63,640†lbf/in

1.5 1.5

= + +

= +

×

×

+
×

=

)

)

(

(

( )u
s

E A E A
1

2
1 1

1 63,640†
lbf
in

3.25†in
2

1

1.2 10 †
lbf

in
(8.25†in )

1

1.2 10 †
lbf

in
(8.25†in )

1.02

m m s s

6
2

2

6
2

2

= = =m u u 1 1.02 (1.02) 1 0.822 2

=
+ + +

+

=
+ +

+

+

=

( )

( )

C
m m

n R m m m

R
m

(1 )

((1 )(1 ) 1 )

1

1

(0.82) 1 (0.82)

(6)
1 (1.0)(0.82) (1 0.82)

1 (0.82)

1 1.0
1 0.82

0.94

g

n

n n

2

EA
2

EA

(2)(6)

6

(2)(6)

The capacity of the connection is

=

=

=

Z ZC C C C C

650†
lbf
bolt

(12†bolts)(1.0)(1.0)(1.0)(0.94)(1.0)

7332†lbf (7300†lbf)

D M t g

The answer is (C).

Why Other Options Are Wrong

(A) This incorrect solution finds the capacity per bolt,
not the total capacity of the connection.

(B) This incorrect solution uses the group action factors
from NDS Table 10.3.6A. This table is overly conserva-
tive in this case, because the diameter is less than 1 in
and the spacing is less than 4 in, and the footnote to the
table indicates that the tabulated values are conserva-
tive if even one of the variables is different from those
used in the tabulated values.

(D) This incorrect solution does not properly determine
the number of fasteners in a row. In this solution, four
rows of three fasteners are used. For the purposes of
determining the group action factors, NDS Sec. 10.3.6.2
should be used to determine the number of fasteners in
a row.

SOLUTION 14........................................................................................................................

TMS 402 Sec. 7.3.2.6 contains requirements for special
reinforced masonry shear walls. Since the problem
requires only the minimum seismic reinforcement, only
TMS 402 Sec. 7.3.2.6 and Sec. 7.3.2.3.1 apply.

For masonry laid in running bond, TMS 402 Sec. 7.3.2.6
limits the maximum spacing of vertical and horizontal
reinforcement to the smallest of L/3, H/3, or 48 in.

= = =
( )

s
L
3

(20†ft) 12†
in
ft

3
80†inmax

= = =

=

( )
s

H

s
3

(10†ft) 12†
in
ft

3
40†in

48†in

[controls]max

max

For masonry laid in running bond, TMS 402 Sec. 7.3.2.6.
(c).1 specifies that the minimum cross-sectional area of
reinforcement in each direction must be at least 0.0007
times the gross cross-sectional area of the wall, Ag, calcu-
lated using specified dimensions. The specified thickness of
a nominal 12 in concrete masonry wall is 11.63 in.

=

=

0.0007

0.0007

v

h

,min

,min

Since the maximum spacing is limited to 40 in, try one
no. 5 bar in bond beams spaced at 32 in on center
vertically.

=

= >

0.31†in
(11.63†in)(32†in)

0.00083 [ ,†OK]

h

2

h,min
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V f b d(b) 2
4

2
4

1.0
(1.0) 3000†

lbf

in
(101†in)(20.13†in)

1000†
lbf
kip

668†kips

c c o

2

= +

=

+

=

V
d

b
f b d(c) 2

(40)(20.13†in)

101†in
2 (1.0) 3000†

lbf

in
(101†in)

(20.13†in)

1000†
lbf
kip

1111†kips

c
s

o
c o

2

= +

=

+

×

=

Neglecting the shear capacity of the reinforcement, the
design punching shear capacity is

V V (0.75)(445†kips)

334†kips (330†kips)
n c= =
=

The answer is (B).

Why Other Options Are Wrong

(A) This incorrect solution calculates the diameter of
the critical section as equal to the column diameter plus
d/2 instead of the column diameter plus (2)(d/2).

(C) This incorrect solution calculates the distance to
reinforcement, d, to the bottom of the bottom layer of
reinforcement rather than to the center of the reinforc-
ing layers.

(D) This incorrect solution calculates the nominal shear
strength instead of the design shear strength.

SOLUTION 21........................................................................................................................

The beam-to-post connection shown imparts a lateral
load on the wood screws. Because two wood members
are joined in this connection, the connection is subjected
to single shear. Appendix I of the NDS illustrates con-
nections in single and double shear. Use NDS Chap. 10
and Chap. 11 and NDS Table 11L to determine the
allowable lateral load on the connection.

The allowable lateral design value for a single connector
is given in NDS Table 10.3.1 as

Z ZC C C C C C C CD M t g eg di tn=

In this case, CD is 1.0 for dead load plus live load, since
the load duration factor for the shortest duration load
applies (NDS Sec. 2.3.2 and App. B). CM is 0.7, since the
moisture content of this deck built in a humid climate
will exceed 19% (NDS Table 10.3.3). Values for Cg and
CΔ depend on the diameter of the screw, D. Since D<
0.25 in for a 12-gage screw (D= 0.216 in), Cg and CΔ
equal 1.0 (NDS Sec. 10.3.6.1 and Sec. 11.5.1). Ceg, Cdi,
and Ctn do not apply. Ct is 1.0 since it is a cool climate.

Therefore,

Z ZC C C C C Z(1.0)(0.7)(1.0)(1.0)(1.0)D M t g= =

The cut-thread wood screw design values are given in
NDS Table 11L. First, determine the side-member
thickness. The side member is the 2 × 8 beam. Using
Table 1B of the NDS Supplement, the side-member
thickness is 1.5 in. Next, find the column for southern
pine and the row for a 12-gage wood screw. The tabu-
lated design value is

Z
Z ZC C C C C

161†lbf
(161†lbf)(1.0)(0.7)(1.0)(1.0)(1.0)

113†lbf [per†screw]

D M t g

=
= =

=

The capacity of the connection is

Z (5†screws) 113†
lbf

screw

565†lbf (570†lbf)

total =

=

The answer is (C).

Why Other Options Are Wrong

(A) This incorrect solution misreads NDS Table 11L
and uses the value for a 10-gage screw (Z= 128 lbf)
instead of the 12-gage screw value.

(B) This incorrect solution uses the wrong load duration
factor. The load duration factor for the shortest-dura-
tion load applies. This solution uses the smallest load
duration factor, CD= 0.9.

(D) This incorrect solution fails to apply the adjustment
factors to the tabulated design value to determine the
allowable design value.

SOLUTION 22........................................................................................................................

Section 11.5.4 of ACI 318 covers design of walls under
in-plane shear loads. The wall supports a uniform grav-
ity load, wu. The concrete shear strength is

V f hd2 [ACI†318†Sec.†11.5.4.5]c c=
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The horizontal shear force that must be carried by the
studs is 590 kips.

=

=

V Q

Q590†kips

[AISC†Eq.†I3-1c]n

n

The allowable horizontal shear load on a 3
4 in × 31

2 in
headed stud in the strong direction and lightweight con-
crete is found from AISC Table 3-21.

=Q 17.1†kips/studn

The number of studs required between the point of max-
imum positive moment and the points of zero moment is

= =

=

n
Q

Q
590†kips

17.1†
kips

stud
34.5†studs [Use†35†studs.]

n

n

For a simply supported beam, the maximum positive
moment occurs at the midspan of the beam. Therefore,
the total number of shear studs required is

= =
=

n n2 (2)(35†studs)

70†studs
total

The answer is (C).

Why Other Options Are Wrong

(A) This incorrect solution only calculates the number
of studs required for one-half of the span.

(B) This incorrect solution uses the value for normal-
weight concrete in determining the stud capacity.

(D) This incorrect solution uses the concrete shear as
the limiting V ¢ instead of the lesser value.

SOLUTION 32........................................................................................................................

Begin by determining the section properties of the glu-
lam rafters. Table 1D in the NDS Supplement lists the
section properties of 81

2 in × 271
2 in southern pine glu-

lam timber.

=
=

A
S

233.8†in

1071†inx

2

3

The allowable bending design value, Fb, is given in NDS
Table 5.3.1 as

=F F C C C C C Cb b xx D M t L c, fu

Or,

=F F C C C C C Cb b xx D M t V c, fu

The smaller of the two equations is the critical one,
because CV and CL shall not apply simultaneously for
glulam timber bending members according to NDS
Sec. 5.3.6.

Not all of the adjustment factors are applicable in this
case. The load duration factor, CD, is based on the short-
est duration load in a combination of loads. For dead
load plus live load, use CD for live load, 1.0. The wet
service factor, CM, and the temperature factor, Ct, do
not apply because the environment is neither wet nor
hot. The flat-use factor, Cfu, does not apply because the
rafters are not used in this way [NDS Sec. 5.3.7]. The
curvature factor, Cc, does not apply because the rafters
are not curved.

The allowable bending design value, Fb, with the appli-
cable adjustment factors is

=F F C Cb b xx D L,

Or,

=F F C Cb b xx D V,

The load duration factor, CD, is based on the shortest
duration load in a combination of loads. For the plus
live load combination, use CD for live load, 1.0.

Calculate the beam stability factor, CL, and the volume
factor, CV. The smaller value will be used to calculate
the allowable bending design value.

The beam stability factor is 1.0 when the compression
edge of a bending member is supported throughout its
length to prevent lateral displacements and when the
ends at points of bearing have lateral support to prevent
rotation (NDS Sec. 3.3.3.3). The volume factor is found
in NDS Sec. 5.3.6. Using NDS Eq. 5.3-1,

=C
L d b
21 12 5.125

1.0V

x x x1/ 1/ 1/

L is the length of the bending member between points of
zero moment, in feet. x is 20 for southern pine and 10 for
all other species.
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(D) This incorrect solution does not use the same units
for the nominal weld strength and the load on the weld
when calculating the required weld size.

SOLUTION 34........................................................................................................................

Part 10 of the AISC Steel Construction Manual covers
connection design. Using the table for double angle con-
nections, the maximum beam reaction is the lesser of
the available strength of the bolt and angle and the
available strength of the beam web.

× ×L3 3
5
16

†angles

3
4

†in†diameter†A325-N†bolts

1

2

1

2

=
=
=

L
L
t

1.75†in

1.5†in

0.23†in

eh

ev

w

From AISC Table 10-1, the available strength of the
bolt and angle is 95.5 kips.

The beam web available strength is 207 kips/in of beam
web thickness.

=

=

=

R t (tabulated†value)

(0.23†in) 207†
kips

in

47.6†kips

u w

The beam web available strength controls. The maxi-
mum reaction is 47.6 kips (48 kips).

The answer is (C).

Why Other Options Are Wrong

(A) This incorrect solution uses the ASD column in the
table for beam web available strength.

(B) This incorrect solution mistakenly uses the value for
Leh equal to 1.5 in, instead of 1.75 in, to determine the
beam web available strength.

(D) This incorrect solution only considers the bolt and
angle available strength and does not check the beam
web available strength.

SOLUTION 35........................................................................................................................

The welds in this case are subject to eccentric loading.
The minimum weld size, in sixteenths of an inch, can be
determined using LRFD from the equation

=D
P
CC l

u
min

1

From Table 8-4 of the AISC Steel Construction Manual,

=
=
=

C
k

0.75
1.0†for†E70XX†electrodes

0†for†special†case†of†load†not†in†the
plane†of†the†weld†group

1

The characteristic length of the weld group, l, is given as
8 in, and the eccentricity is given as 2.25 in. To deter-
mine the coefficient, C, in AISC Table 8-4, first
determine

= = =a
e
l

2.25†in
8†in

0.28x

By interpolation, C is equal to 3.18 kips/in. The mini-
mum weld size is

= = =D
P
CC l

60†kips

(0.75) 3.18†
kips

in
(1.0)(8†in)

3.14u
min

1

The minimum thickness of the weld is

= =

=

t
D
16

3.14
16

†in

4/16†in (1/4†in)

w
min

Check the minimum weld size based on the thickness of
the parts joined, using AISC Table J2.4. The flange
thickness of a W12× 50 is 5

8 in, and the thickness of the
angle is 1

2 in. The minimum weld size based on the thin-
ner part joined is 3

16 in, which is less than the 1
4 in

required. Use a 1
4 in weld.

The answer is (C).

Why Other Options Are Wrong

(A) This incorrect solution uses a weld length of 16 in
rather than 8 in.

(B) The weld size is based on shear alone. The eccentric-
ity of the load is ignored in this incorrect solution.

(D) This incorrect solution applies the factor to the
ASD equation for weld thickness.

SOLUTION 36........................................................................................................................

Section 11.2.3 of the NDS gives the withdrawal values
for a single nail. From NDS Table 11.3.3A, the specific
gravity of southern pine is 0.55.

NDS Table 11P gives the diameter of a 6d box nail as
0.099 in.
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From NDS Table 11.2C, the tabulated withdrawal
design value for a specific gravity of 0.55 and a nail
diameter of 0.099 in is 31 lbf per inch of penetration.

The design withdrawal value is

=
=
=
=

C
C
C

C

1.6

1.0

1.0

1.0

[for†wind†load†combinations]

[for†moisture†content†19%]

[according†to†NDS†Table†10.3.4]

[for†non-toe-nailed†connections]

D

M

t

tn

=
=
=

W WC C C C
(31†lbf)(1.6)(1.0)(1.0)(1.0)

49.6†lbf

D M t tn

Calculate the maximum area per nail.

= = =A
W
w

49.6†lbf

36†
lbf

ft

1.38†ft

2

2

If the rafters are spaced at 16 in on center,

= =s (16†in)
1†ft

12†in
1.33†ftr

The maximum nail spacing is

= =

=

( )s
A
s

1.38†ft
1.33†ft

12†
in
ft

12.4†in (12†in)

n
r

2

The answer is (C).

Why Other Options Are Wrong

(A) This incorrect solution neglects the load duration
factor in calculating the withdrawal capacity.

(B) This incorrect solution uses a rafter spacing of 1.5 ft
instead of 1.33 ft.

(D) This incorrect solution bases the tabulated with-
drawal value on the diameter of a 6d common nail
(0.113 in) instead of a 6d box nail.

SOLUTION 37........................................................................................................................

Interaction diagrams, such as those found in the Struc-
tural Engineering Reference Manual or other sources,
provide a means to determine the required area of steel

when the loads and section properties of a column are
known.

= =

=

= =

=

)(

P
A

P
A

M
A h

M
A h

750†kips

(20†in)(24†in)

1.56†kips/in

(600†ft-kips) 12†
in
ft

(20†in)(24†in)(24†in)

0.63†kip/in

n

g

u

g

n

g

u

g

2

2

From the relevant interaction diagram (in the Structural
Engineering Reference Manual), determine that g is
0.03.

= =

=

A A (0.03)(20†in)(24†in)

14.4†in (14†in )
s g g

2 2

The answer is (B).

Why Other Options Are Wrong

(A) This incorrect solution uses the interaction diagram
for g= 0.90.

(C) This incorrect solution uses the interaction diagram
for columns with steel distributed evenly on four faces
instead of the diagram for steel on only two faces.

(D) This solution incorrectly calculates the moment fac-
tor for use with the interaction diagram. The units do
not work out.

= = =
M

A h
M
A h†

600†ft-kips

(20†in)(24†in)
1.25†ft-kips/inn

g

u

g

2

SOLUTION 38........................................................................................................................

Since the plan is symmetric, the relative stiffness param-
eter is the same in each direction for a corner column.

=

=

EI
l

EI
l

ACI†318
Fig. R6.2.5

c

E-W N-S

column

beam
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