Rich’s General Structural Study Notes:

Kaplan — Test Bank Questions

Twa glued laminated heams with the same modulus of elasticity are shown below, For a
given load and span, heam 1 will deflect ¥4 inch. Forthe same load and span, how much
will beam 2 deflect?
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Beam 1

O A tinch

O B.1inch

O C. 1% inches
O D 2inches

The answer is 2 INCHES. The deflaction of a beam

(A

is irversely propottional to its rmornent of inertia (). The value of | for a rectangular bearm is
equal to

b1z

Since the load, span, and bheam width are the same for hoth beams, the only variable is
depth d.

Ap~ 16dp® and Ag ~ 1/(d)?
A (i = da(d)?
o= Ap (di/dzf = 0.25 (2110.58 = 0,35 (2F = 0252 2= 2 inches

Forthe fruss shown below, what is the tension in member x?
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O A 5.0 kips
O B.T 5kips
O ©.10.0kips
O D.15.0kips

Correct!
The answeris 10.0 KIPS. The simplestway to solve this truss problem is to cut a section
through member x and draw a free hody diagram, as shown below,
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The left and right reactions are each equal to halfthe total load onthe fruss, or(§+ 5+ 5)1 2
=75 kips. WWe take moments about the top of the truss

EM=0
7.5 kipe(15 f) — 5 kips(7.5 £) = 0
F,=[7.5(15) - 5(7.5)] / 7.5= 10 kipe

Selectthe INCORRECT statement concerning the continuous heam shown.
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(O A There is positive moment in spans AB and BC
(O B. The moment over support B is negative.

(O C. The reaction at A and C is less than wli2.

(O D. The reaction at B is less than wl

@® D The reaction at B is less than wlL

Correct!

A continuous heam, as the name suggests, is one which is continuous over at least one
interior support. The momentin a continuous bearm is positive (comprassion atthe top,
tension at the bottarm) between supports and negative (tension atthe top, compression at
the bottor) aver the supports, as shown in the moment diagram below.
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Therefore, stataments A and B are corect, To understand the reaction, we isolate span AB
wEr
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Since the moment over support B is negative (tension at the top), it acts clockwise on the
free body as shown

IMp =0
(RexL)-wLxL2+M=0
Ry =wL?22 -ML

Thus, the reaction at Ais less than wl'2. This is similarly true of the reaction at G, and
choice C is therefore correct.

Rg =wL- (wL/2 - M/L)
=wL/2+ML
The total reaction at B 1s equal to Rp for span AB
plus the identical value of Rp for span BC
=2Rg = 2(wL/2 + M/L) = wl + 2M/L

The reaction at B is therefore greater than wl, and D is the incorrect statement we are
looking far. While this may be more time-consuming than most exam guestions,
candidates should expect some guestions of this type.




Find the distance y to the centroid ofthe area shown. ¥'=

Val

O A 1B
O B339
Qc17s
O D.1.88"
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The area is divided into two parts, A and B, as shown above. Calculate the area of each part
and the statical mament of each part about axis xx, the top ofthe area

Part Area y Areaxy

A 5x1=50 050 50x050=23
B 4z1=40 30 40=x30=12.0
Total 9.0 145

y = the distance fram axis ¥ to the centroid ofthe area = 14.5/8.0= 161" {correct answer A)

Acable is suspended between points A and B and supports a load of 1000#, as shown
below: What is the tension in the cabla®

1000

O A 550#
O B.1000#
O c 1118
O D.2000#

The answer is 553% To solve this problem, vau need to know the basic equations of
equilibrium and apply the Pythagorean theorem. The 1000# load is supported by tension T
inthe cable, as shown below.
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From ZW =0,V + V= 1000#, from which V = 500# The ratio of
the horizontal component H of the cable tension to the vertical
component V¥ is equal to the ratio of the horizontal component of
the cable length (10 f) to the vertical component (20 ft), or 10/20
Therefore,
H= (100200 = V=Y = 500# = 2508 T = {5002 + 250% = 5554
{cotrect answer A)

A steel column supporting an ultimate load of 685 kips is to hear on a concrete pedestal
which has a bearing strength of 4760 psi. What is the minimum size hase plate which may
be used?
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OBz

(XA EIEY
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A steel column supporting an ultimate load of 685 kips is to bear an a concrete pedestal
which has a hearing strength of 4760 psi. What is the minimum size base plate which may
he used?

O A0 10"

[ON-RFSSF

O cguy

(@Rl

Correct!

The answeris 12" X 12" The load is transferred from the steel column to the base plate,
and then from the base plate to the concrete directly by bearing. The required area of the
base plate is equal to the load divided by the bearing strength, or 885,000# 1 4760 psi=

143.9 square inches. fwe use a square base plate, the dimension of each side must be at
leastthe square rootof 143 9= 12 inches

Acontinuous heamn has a maximum negative moment of 600 f-kips and a8 maximum
positive of 350 f-kips. ITthe bearn is of ASTM A36 steel and is supported laterally, what i3 its
required section modulus?

OA 11748
OB 175in3
OC 200
O D 300

The answer is D. Steel beams are designed to resist the maximum bending moment to
which they are subjected, whether positive or negative. To determine the required section
modulus 5, we use the basic flexure formula

5 =MF,
Inthis cage, the maximum mament M is the negative moment of 600 f-kips

F, s the allowable bending stress, which is 066 times the yield stress FY Jwhich is 36
ksi for ASTM A3E steel

Fy, s therefore 0.66 x 36 = 24 ksi. So the reguired section modulus
3 =14F, = (800 fi-kips 2 12 inches/ft) / 24 ksi = 300 in?

The columns of a three-story building are spaced at 24 feet o.c. in one direction and 29 feet
0.¢. in the other direction. The loads are as shown below. Meglecting the weight ofthe
calumn and any live Ioad reduction, what is the srmallest pad footing which may be used?
The allowahle soil bearing value is 4,000 pounds per square foot

Roof dead load — 30 Ibs, per square oot
Eooflive load =20 Ibs. per square foot
Floor dead load — 80 lbs. per square foot
Floor live load — 100 Ibs, per square foot

O A58 x50

QB.6E"xeE"

QO C.oTe"wae

QO D. 54" xEY

The answer is 8'4" ¥ 8'4" The question involves the concept of tributary area, which is the
area of each floor or roofwhich contributes load to a member. Inthis case, the calumns are
24 feetapartin one direction and 28 feet apart in the other direction. The area tributary to
each column is therefore 24 feet by 28 feet, or 672 square feet for each floor and the roof.
The roof load to each column is 672 square feet: (30 + 20) Ibs. per sguare foot= 33,600
Ibs. The floor load to each calumn is 672 sguare feetx (80 + 100) Ibs. per square foot=
120,960 |hs. for each floor. Since this is a three-story building, there are two supported
floors plus the roof, making a total load of 33,600 + 120,960 + 120,960 = 275520 Ibs. The
required footing area is 275,520 lhs [ 4,000 Ibs. per square foot = 88,89 sguare feet.
Column pad faotings are generally square, 5o we compute the square root of 68.88 {using
a calculator, or course) = 8.30 feet. The minimum size pad is therefore B'4" % 8'4" (answer
0. For simplicity, we are told in this question to neglectthe column weight and any live load
reduction. In actual practice, these would be considered, but the calculation would be
similar




What is the moment about point & o the three forces shown below?

< looo#

O A 4,000%
O B.GEa%

O C.12,000%
0 D.23312%

O A 4,000%
@® B GB8%
O C.12,000%
0O D.23312%

Correct!

Eath force produces a moment akout point A equal to the magnitude of the force multiplied
by its distance from point A The total moment is equal to the algebraic sum of the
moments caused by all the forces. The 1,500# horizontal force produces a clockwise
moment equal o 1,500 x 8 feet=12,000"#. The 1,000 vertical force produces no moment,
since its line of action passes through point A. The moment caused by the 2, 000# force at
45° is determined by resolving the force inta its vertical and harizontal companents. The
vertical componentis 2,000 sin 45° = 1,414, and the harizontal compaonentis 2,000 cos
45° = 1,414% The vertical component causes no moment, since its line of action passes
through point A. The horizontal component produces a counterclockwise moment of 1,414 %
8=11,312"# The total moment is the algebraic surm ofthe moments =12,000-11,312=
EB88'# clockwise (answer B)

Whatis the internal stress in member x ofthe truss shown helow?

lk 4

P SN

O A 10 kips compression
(O B. & kips compression
(O C. 2.5 kips compression
O D Zero

The carrect answer is ZERO. To solve this problem, we isolate the jointwhere memberx
intersects the hottorn chord.

WWe apply the basic equation V=0

Since the only vertical force acting atthe jointis the stress in memberx,
F) +Fe=0

The stress in member x is zero

A beam suppors the loads shown below. What is the value of reaction
R neglecting the weight ofthe beam?

10,0008 10,0004

The answeris 16,000# Candidates should be able to determine the reactions of any
statically determinate heam subject to any load. To determine the value of reaction

Ra,

we take moments about

= 15
! “
O A 4000# IZMr=0
O 8. son0# +(10,0008 z & ft) + (10,0008 (20 + 6)ft - B2 (20 ) =0
’ Rz = (50,000 + 260,000} / 20 = 16,000#
O ¢ 16,000#
O D.20,000#
Atypical stress-strain diagram for steel is shown helow. Whatis the tangent of angle The answer is MODULUS OF ELASTIGITY. The stress-strain diagram shown, which is
g called? typical for steel, shows that the ratio of unit stress to unit strain, which is the tangent of
angle 8, is constant up ta the elastic limit. This ratio is called the modulus of elasticity
(correct answer B). Moment ofinertia (&) and section modulus (C) are properties of the
specific member, not of its material. Moment of inertia is a measure of a member's
resistance to deflection, and section modulus determines the resistance of a member to
ﬂ hending moment. The modulus of rupture (D) is the calculated value of flexural stress just
é‘ Elastclimit hefore rupture
L\
5

Unitzran

O A Mament of inertia
O B. Modulus of elasticity
O C. Section modulus

(O D. Modulus of rupture

The typical interiar bay of a building is 24 feet by 24 feet in plan and is framed with steel
beams and girders as shown in the following illustration. The floor live load is 100 psf, and
the dead load is 60 psf. Whatis the maximum moment in a typical eastwest beam?
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O A 11,520 t-Ibs
O B 57 600 fi-Ibs
O C. 92,160 t-lbs.
O D. 276,480 fL-lbs.

O 411,520 t-lhs
O B.57,600 f-Ihs
® C 92160 f-los
O D.278,480 fi-lbs

Correct!

Questions invalving the concept of "tributary area” sometimes appear on the exam. In this
case, the area tributary to each eastwest beam extends halfway to each adjacent beamn, as
shown hatched inthe diagram above. In otherwords, each eastwest beam supports 8 feet
of load. Therefore, the uniform load supported by each eastwestbeamis 8(100+ B0y =
1,280 lbs. pertt
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Athree-span continuous beam supporting a uniformly distributed load has a shear
diagram as shawn below.
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Which of the following is the corresponding moment diagram?

A st

Candidates should understand the concepts of shear and moment diagrams, and may
expectto see exam gquestions which test that understanding. For a beam supporting a
uniform load, the moment diagram is parabolic, which rules out B, G, and D, all of which
have straight-line portions. The carrect answer is A

The anchor holts shown helow are used to resist
I Marment M
Il. Harizantal force H

1l Wertical load v

O Alandll

O B.lland Il
Q Colandill
QDL andl

The correct answer is | AND [I. Moment M is resisted by tension in the anchor bolts and
compression onthe hase plate. Horizontal force H is resisted by shear in the anchor holts
Wertical load ¥ is resisted by bearing on the concrete footing, not by the anchor bolts

Farthe simple beam shown, where is the harizontal shear stress greatest?
| At midspan

II. Mext to the supports

Il Atthe outet fihers of the beam cross-section

I Atthe neutral axis of the beam cross-section

NIRERRRRRNARY
T T

O Aland

QB land
Q C.lland Il
QD lland IV

The shear diagrar far the beam in this guestion is

Thus, the shear stress is maximum next ta the supports (I}, The variation in shear stress in
the bearmn cross-section is:

NEUTRAL.: : ;{
AXIS

Therefore, within the heam cross-section, the shear stress is maximum atthe neutral axis
()

A unifarm roof live load of 20 pounds per square foot corresponds to a depth of how many
inches of rain water on the roof? Waterweighs 62.4 pounds per cubic foot

(O
OB
oc#
QD&

o
The answer is 4", Roof live load is produced by workers and materials during maintenance,
aswell as by possible buildup of rain water. YWaterweighs 62.4 pounds per cubic foot, or
62.4712= 52 pounds per square foot per inch of depth of water. So a live load of 20
pounds per square foot corresponds to @ depth of 200 5.2 = 3.85inches. The answer
closestto this value is C, 4 inches.




\What are the reactions A, B, C, and D on the roof truss shown supporting the vertical and
harizontal loads indicated? The truss is free to roll at the right support only.

O A A=9,800% B =8,200#, C=4,000#, D=0
O B.A=E,200# B = 0800, G=4,000# D=0
O C.A= 85,2004 B=9,800#, C=0,D = 4,000#
O D. A= 9,000% B = 8,000#, C= 4,000, D=0

Thig problem involves basic statics, and the methods used in its solution are fundamental
Ifyau have difficulty salving the problerm or following our solution, you should spend time
reviewing statics. Since the truss is free to roll atthe right support, no harizontal reaction is
possible there. Therefare, reaction D is zero

EH=0
4000-C-D=0
4,000-C-0=0
C=4,0008

To solve for reaction B, take moments about the left suppon

IM=0

£,000 (50/4) + 6,000 (50/2)

+ 6,000 (3 = 50/4) + 4,000 (10} - 50B=0
50B = 6,000 (12.5+ 25+ 37.5) + 40,000
B = 450,000 +40,000)/50

E=9,800#

V=0
A+B-6,000-6000-6000=0
A+B=13000

A+8.800=18,000

A=18,000 - 8,800 =8,200%

Summarizing, A= 8200#, B =9,800% C=4,000% D=0The correct answer is B

The two-span continuous beam shown below supports a uniform [oad. Which of the
following statements are correct?

|. The mament aver suppaort 2 is negative
II. There is no moment at supparts 1 and 3

IIl. The momentin each span is positive across the entire span

O A landll

O B.lland Il
O Coland il
QDL and i

The answer is | AMD II. The two-span continuous beam in this question has a moment
diagram which |ooks like this:

Positive Moment

1 Rl 3
ative Morment

2

There i zero maoment at end supports 1 and 3 () and negative mament over interior
support 2 (). The mament in spans 1-2 and 2-3 varies from positive to negative (Il is
incorrect). Since only statements | and Il are correct, A is the correct answer.

Avrigid bar 20 feet long supports a 10 kip load at its end as shown. Neglecting the weight of
the har, what is the tensile force in the harizontal cable?

A

R P

O A 141 kips tension
(O B. 20 kips compression
O C.10kips tension

(O D. 20 kips tension

This is a problem in basic statics which can be salved by taking maoments about point A,
(See illustration following

IMy =0
10= 20 5in 45% = T{10 cos 459 =10
T =120 sin 45" (cos 457 = 20.0 kips

Since force T acts away from its point of application, it is a tensile force (correct answer D).

Afree body diagram of the end of a truss is shown below YWhat is the force in the inclined
member?

10,0004

(O A 10,000# compression
O B.17,321# compression
O ©.20,000# compression

O D 20,000% tension

The answer is 20,000% COMPRESSION. Let's draw the free body diagram, assuming the
farce in the inclined member to be compression (pushing on the member). We call the
force %, whose vertical and horizontal components are ¥ and H.

Y
-
b,
30*
.

10,0004

V=0

+10,000 -V =0
W =10,000#
X=¥/sn30°
=10,000/0.500
= 20,0004

Since the answer comes out positive, our assumption that the member is in compression
iz correct

YWhich of the loadings shown below will produce the greatest deflection?

Many exam guestions reguire no calculations, but instead test your intuitive grasp of
structures. Inthis case, itisn'tnecessary to calculate the deflection for each loading
condition in order to answer the question. It should be obvious that a simple beam (& or C)
will deflect more than a fived-end heam with the same span and load (B aor D). Also, a
concentrated load at midspan (4) will produce more deflection than the same load
uniformly distributed ().
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Which of the following staterments about the connection shown is true?

~ek—%@7/2

T4
>

O A The forces inbolts A and B are equal.
(O B. The force in bolt A is greater than that in bolt B.
(O C.Theforce in bolt B is greater than thatin bolt A

(O D. The connection is unstable

YW solve this problem by applving two of the basic equations of equilibrium:
IH=0andZM =0

Isolating the verical member and taking moments about bolt A

e =
"’ﬁ‘fj‘-

13
-+ db
Pc+Bd=0
E="Pcid

TH=0
A-FP-B=0
A=B+P

Therefore, the farce in bolt A is greaterthan that in bolt B (correct answer B)

Assuming a coefiicient of friction of 0.5, what i3 the factor of safety against sliding far the

retaining wall shown below? All loads shown are per lineal foot of wall

EEanh pressure =
304M7 46 R = 18044t

2 = wt. of soil 674
3= v of fooing = 3754

Oat0s
O B.1.43
O C.286
O D.428

The answer is 1.43. The factor of safety against sliding is equal to the sliding resistance
divided by the force tending to cause sliding. The sliding resistance is the total vertical load
an the footing multiplied by the coefficient of friction = (900 + 667 + 375 x 05 =771 The
horizontal load on the wall increases linearly from zero at the top to 180# per foot at the
hottorn. The total force tending to cause sliding is the average horizontal load of 180/ 2=
A03# per foot multiplied by the height of 8 feet= 540%. The factar of safety against sliding is
therefare 771 5540 = 1.43. Since this is less than the usual requirement of 1.5, additional
sliding resistance would have to be provided, possibly by adding an integral key to the
footing.

The overturning moment on a retaining wall is 9 000 f-lbs. per lineal foot. The dead load

resisting moment should he at least
O A 3333 fklas

O B.5,000f-lbs

O C.7,500fIbs.

O D.10,000 flbs

The answer is 7,500 FT-LBS. For a retaining wall, the dead load resisting moment must be
atleast 1.5 imes the overturning moment, orin this case, 1.5 5000 = 7,500 f-lbs.

What is the maximum morment in the beam shown?

s Y
(IR

O A 25000%
O B.11,250%
O C.1,235%
Q D.50,000%

In any heam problem, we must first determine the reactions, then the shears, and finally the
tmaoments. To salve for the left reaction, we take moments about the right support.

IM=0

50005} - 500 (5)2.5) - 500 (5)(13 +2.5)
Ry (12)=0

25,000 - 6,250 - 38,750 + 18R =0

18Ry = 38,750 + 6,250 - 25,000 = 20,000

Rp=20,000/18 = 1111 1#

Mow solving for the right reaction,

V=0

11111 +Rg - 500 (5) - 500 (5) - 5,000 =0
Rg= 2,500 + 2,500 + 5,000 - 1,111.1

Re = B,333 0%




Although not absolutely necessary, we will now draw the shear diagrarm for this beam

5000——

1385.9

28609

The maximum moment occurs where the shear is egual to zera, which occurs attwa
places: 2. 22 feet fram the left support and at the right support. We therefore calculate the
moment at each ofthese two points.

Ivoment at 2.22' from left support = 1,111 (222 - 500 (222)2/2=1,235'%
Moment at right suppert = 5,000 (5= 25,000'%

This is the maximum maoment (correct answer A). Incidentally, this moment is
negative-—that is, it causes tension in the top beam fibers and compression in the hottom
fihers

Acolurn load of 200 kips is suppotted by a pad footing. Neglecting the weight of the
column and footing, what size pad should be used, ifthe allowable soil bearing value is 4
tons per sguare foot?

O A T-2" sguare

(O B.5-0" square

O G A-8"snuare

O D.6-0" square

‘We divide the column load by the allowable soil bearing value to obtain the required area of
the pad. Remembering that 1 ton equals 2,000 pounds, the required pad area =
200,000/4(2,000) = 25.0 sq. fi. For a sguare pad, the required dimension of each side = the
souare root of 28 = answer B,

A steel bar 1 152 inches in diameter and 25 feet long stretches 018" when subjectto a load
Ifthe modulus of elasticity E is equal to 29,000,000 psi, what is the unit stress in the bar?

(O A 20,880 psi
O B. 17,400 psi
O €. 36,000 psi
O D.10,181 psi

This question tests your understanding of the relationship among stress,
strain, and modulus of elasticity. Up tothe elastic limit, the ratio of unit
stress (load divided by area, ar P/A) to unit strain (deformation divided by

length, or AL} is constant and equal to the modulus of elasticity (E). Thus,
(F/A) (AL =E, or A= PLAE

In this case,

0.18 = P(25 » 12) / A(29,000,000)

P/A =10.18(29 000 00025 » 12 = 17 400 psi (correct answer B). Note that the

units must be consistent: P/A is in pounds per square inch (psi), E is in pounds
per square inch (psi), & is in inches, and L is in inches.

Far the connection shown, each 3/4" bolt has an allowable load as fallows
Single shear parallel to grain: 7103

Single shear perpendicular to grain: 270#

Dauble shear parallel to grain: 1,420%

Doukle shear perpendicular to grain: 540#

Whatis the minimum number of 3/4" bolts required in each 2x 87

Zx8
A A "
2000™ . ] . 2000
- 1] —
L ] L]

'R E.L\éu SIDE
WITH 34" BOLTS
OAa2
083
Oce
QD5

Tosolve this problem, you need ta know two things: is the balt load parallel or
perpendicular to the grain, and are the bolts in single or double shear? Since the grain is
approximately parallel to the length of each 28 member, and the 2,000# load is shown
applied parallel to each member, the load is parallel to the grain. And since there is a steel
plate on each side ofthe 2x 8z, itis a double shear connection. Therefore, each bolt has
an allowable load of 1,420% The minimum number of bolts reguired on each side ofthe
Jjoint, thatis, in each 2% 8, is equal to the load of 2,000# divided by the boltvalue of 1,420 =
2,000/1,420=1.41 holts. We musttherefore use at least 2 bolts in each 2% 8.

The ternperature of a steel har 20 feet long is increased from 70° to 110°F. How much does
it expand? (The coefiicient of thermal expansion of steelis 0.0000065.)

O A0D4
O B.0.06B24"
QO C.0noogz
QD 0AT16"

All mmaterials expand when heated and contract when cooled. The amount of expansion or
caontraction is equal to the product of three quantities: the coefficient of thermal expansion,
the length of the member, and the termperature change. Therefore, the amount that the bar
expands = (0.0000065) = (20x12)x{110- 70) = 0.0624". Note that we convert the length of
201feetto (20%12) inches in order to have the result come outin inches

Acantilever beam i loaded as shown below. What is the magnitude of the moment M at
the fiked end, neglecting the weight ofthe beam?

“Aa—1000 #/67
ZA T +
Al
M =
%
12'-0*
¢ ol -

O A M=154000f-lbs.
O B. M= 196,0001f-lhs.
O C.M=108,000f-Ibs
O D.M=132,000 ft-Ibs.

First, what is the resultant of the triangular load? Itis simply the area of the triangle, which
is (10003 § 2y % 12 /.= 6000#, applied atthe centraid ofthe triangle, whichis 12 + 3=4
ft. fram the leftend. 8= 0 + V- G000F- 5000% = 0% =11,000% SM = 0 (EO00# % 4 1) +
(E000# 12 f)-M=0n=24000+60,000=284000f-Ibs. Therefore, choice Ais correct,




‘What is the temperature increase necessary fo close the gap in the diagram shown?

wyEone ozs?
/5 FFORTS il
.9"
¥
STEEL Roo /
AREA = Z 3¢
4
LY — /0f R—
T T
O A 30457
O B 3205°F
O C.1603F
O D.6410°F

All materials expand when heated and contractwhen cooled. The ratio of unit strain to
temperature change is called the coefiicient of thermal expansion and is constant for a
given material. For steel, its value is 0.0000065

Coefficient of thermal expansion

o= 0.0000065

Change of length A =0.0251n

Length L=10ft = 120 in

Temperature change {*F) =dT
e=(ALYdT dT=4l

dT = 0.025/(0.0000065) (120) = 32.05°F

icorrect answer B). Mote that the lenath and the change of length must be in the same
units. In this case, itwas necessaty to convertthe 10 foot length to 120 inches

A6 8 wood column supports averical load of 10,000# applied sixinches from its center
line, as shown below.

00004

| Eracket

6% 5 Wood Cal.

This column iz 16 feet long and iz oriented so that the bending iz
about its strong azis. What is the maximum until stress in the column?
The column’s properties are: A =4125 in?, 2=151596in® T=1934 in*

O & 1406 psi
O B. 1164 psi
O © 922 psi
O D 242 psi

This praoblem invalves an eccentrically loaded wood column, that it, a column which
supports vertical load applied at some distance from its center line. The vertical load
causes a unit stress of P/A = 10,000#x & in. = 60,000 in-Ibs. and causes a flexural stress

equalto MYS = 60,000 inlbs. / 51.56 in3 = 1164 psi.

The combined compression and flexural stress = P/ + MiS = 242 + or— 1164 psi= +1406
psi (compression) or-922 psi (tension). Since the question asked for the maximum unit
stress, the answer is 1406 psi. Notice that the length ofthe column and its moment of
inertia | are irrelevant. This is the case with some exam guestions; you doninecessarily
need all the information given to answer a question.

The maximum mament in 2 beam of ASTM A3EG steel is 900 fi-kips, What is the required
section modulus of the heam?

O A 139003
O B 157 in?
OC z50in

O D snp in?

To solve this problem, we use the basic flexure formula S (required section
modulus) = M (moment) divided by Fy, (allowable flexural stress) or 5 = M/Fy.
The value of Fy, for a steel beam is 0.66F,, which for ASTM A3 steel is 0.68

% 36 = 24 ksi. Thus, S =500 x 12724 = 250in®. Note that we convert the mament
of 500 ft.-kips to inch-kips by multiplying by 12, so that the section modulus S
comes out in inches3.

A building with a column spacing of 24 feet in each direction suppors one floor and a roof.
The roof dead load is 20 psf, the roof live load is 20 psf, the floor dead load is 75 psf, and
the floar live load is 100 psf. The dead loads include the weights of all framing memhbers
and columns. The allowable soil hearing pressure is 4 000 psf. Neglecting any live load
reduction, what is the minimum size pad footing which should he used under a typical
interior column?

O & 416" 488"

O B.5-0"x5-0"

O Coa-gxa-g"

O D.B-0" % B-0"

In this problem, we first determine the fributary area of each column, that is, the floor area or
roof area suppored by the column. This extends halfway to the adjacent columns. The
tributary area is therefore 24 feetx 24 feet= 576 sguare feet The total roof load is 20 paf+
30 psf= 40 psf The total loor (oad is 75 psf+ 100 psf= 175 psf The total load is the load
in psfipounds per square foot) multiplied by the tributary area in square feet= (40 + 175) %
876 =123,840% The minimum area of pad required is equal to the l0ad divided by the
allovwable soil hearing pressure = 123,840/4000 = 30.96 square feet. The minimum
required size ofthe square pad is the sguare root of 30.98, or 5.56 faet= 57" \We therefore
selectanswer C, 5-8"x 548"

A glued laminated member 12 inches deep has an allowable unit hending stress of 2400
psi. What is the allowable unit bending stress for a member of the sarme grade which is 24
inches deep?

O A 2400 psi

O B. More than 2400 psi

O C Less than 2400 psi

O D. Mot determinahble fram the infarmation given

When a glued laminated member is 12 inches or less in depth, the full allowahble stress
rmay bhe used for design. For depths greater than 12 inches, a size factor is used, which has
the effect of reducing the allowable stress that may be used. C is therefore the correct
angwer.

The soils report for a project recommends the use of friction piles to extend through 20 feet
of loose fill to reach a lower laver of dense sand. Iftwo 24-inch-diameter concrete piles are
used to support a column with a load of 200 kips, what should be the length of each pile
below the ground surface? The sand has an allowable load friction of 800 psf.

O AL 20 feet

(O B. 30 feet

O C. 40 fest

O D 60 feet

The answer is 40 FEET. Friction piles are often used where saoils atthe ground surface are
not adequate to support a building's loads. Friction piles obtain their load-carrying capacity
by the friction between the vertical surface area of the pile and the surrounding soil

Pile diameter=D =2 feet

Pile surface area per foot of length =

pile circumference =pD = p x 2 feet = 6.28 A2/ft

Pile capacity per foot of length = friction x area=

800 #48? x 6 28 #3ft = 5024 #ft = 5.02 kips/ft

Required length of 2 piles into sand =

load f capacity for 2 piles = 20 kips / 2 piles x 5,02 =199 ft.
Required length of 2 piles below ground surface =

depth to top of sand + embedment into sand =

206+ 19.9 ft =299 ft, say 40 feet (answer C).
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Shown are two methods for building up & wood beam by nailing individual laminations
together. Which of the following are the advantages of heam 1 over beam 27

I. Less deflection
Il Lower flexural stress
Il Lowser horizontal shear stress

IW. Higher allowable flexural stress
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This question tests your understanding of hasic beam theory. Beam 1 consists of
dbeams 1 12" wide by 12"" deep. The section modulus of each is

bd*6 = 1.5 (12)%6 = 36 in’, and the total section modulus is equal to 4 x 36 =
144 in’. The moment of inertia of each lamination s be¥/12= L5 (12%12 = 216 it
and the total moment of inertiais 216 x 4 = 864 in*. Beam 2 consists of € beams
6" wride by 1 1/2"" deep. The section modulus of each is bd'/6 = 601 576 =

225 ird, and the total section modulus is 8 x 2.25 = 18 in®

The moment of inertia of each lamination is bd*/12 = 6 (1.5)%/12 = 16375 inf,
and the total moment of inertiais equalto 8 x 16875 = 13.5 in*

Bummarizing, 3 for beam 1 is 144 and 3 forbeam 2 is 18, [ for beam 1

is 864 and I for beam 2 is 13.5. Bince the hending resistance of a heam is

a function of its section modulus, beam | is § times as strong in bending

as heam 2(144/18 = 2) Put anather way, for the same span and lnad, the

flexural stress of beam 1 will be only 1/8 that of beam 2. The deflection
resistance, or stiffhess, of a beam iz a function of its moment of inettia.
Therefore, beam 1 is 64 times as iff as beam 2 (3647135 = 64). Or, in

other words, for the same span and load, beam 1 will only deflect 1/64 as

nuch as beam 2. Choices [ and IT are therefore correct. The horizontal shear
stress for arectangular beam is equal to 3/2 Wbd  For beam 1, bd is equal to

4% 1.5 %12 =72 squate inches Forbeam 2, bdis & x 6 x 1.5 = 72 square inches.
Therefore, the horizontal shear stresses in beams | and 2 are equal, making
choice III incosrect. Choice IV is also incorrect, becanse there is nothing in the
problem statement which relates to allowrable stress. © is therefore the correct
answer. It is not necessary Lo actually perform any caloulstions in this
question—we have done 50 in order to show that nawrow deep beams have much
greater bending resistance and resistance to deflection than wide shallow beams.

Also, that horizontal shear stress in a rectangular beam is a function only of its area.
Also, note that the individual laminations are nailed together. Ifthey were bonded by
ghe, or otherwiss conmected so as to develap adequats shear strength, they could be
made to act as one beam instead of separate laminations

In designing the floor framing of a building, the deflection of a steel heam under load is
calculated to be 1.50 inches. The properies of the beam are:

- hrea =197 in®

+ Section modulus §= 117 in®

- Moment of inertia I =954 in*

- Tield stress Fy = 36 kst

- Modulus of elasticity E =29 x 108 psi

We wish to limit the deflection to 1.0 inch. How can we best accomplish this?

O A Change the yield stress to 50 ksi

O B. Change the modulus of elasticity to at least 43.5 x 10 psi

O C. Tse a different beam with a section modulus of at least 175.5 in?

O P 1ee a differsnt beam with a moment of inertia of at least 1431 in*

The answer is D. This question asks how the deflection of a beam can he reduced. All
deflection formulas are in the form

A (mazimum deflection) = L3EL

rnultiplied by a factar which depends on the size and nature of the loading. In this farmula, L
is the span, E is the modulus of elasticity, and | is the moment ofinertia. Since we can't
change the loading orthe span, and E for steel has a constant value, the anly variahle is |,
the moment of inertia. So, to reduce the deflection from 1.50 inches to 1.0 inch, we must
increase the moment ofinertia in the ratio 1.5 0. The original | is

954 in#,
=0 we must substitute a beam with an [value of at least 1.5 times 954, or
1431 1n*

(carrect answer D). Motice that most of the data given in this question {area, section
modulus, yield stress, and modulus of elasticity) is irelevant. This is often the case on the
exam, s0 be preparaed for it

A sgavwn wood bearm of Douglas Fir-Larch No. 1 grade with the following loading diagram
has a maximum shear of 4,000# and a maximum mament of 16,000 ft-#

W= 500 ¥#/FT.

Ifthe allowable shear stress is 85 psi and the allowable hending stress is 1300 psi, what
is the minimurm required area and section modulus for the beam?

O A A=T06in, 5 =147 7 in?
OB A=471int,8=1477 in?
OC A=706in 5=123in?

OD A=47.10, &=123in?

The farmula for the reguired area of a wood beam for shear stress is
A=3V02F,.

Substituting the given values of 4 000#far*, and 85 psi for Fy, we have
Area = A= (3 x4 0000/(2 % 85) = 70.6 in?

The formula for the reguired section modulus of a wood bearn for bending
stress is: 5= MF,. Substituting the given values of 16,000 ft-#for M, and
1,300 psi for Fy, and remembering to convert all units to #and inches, we
have

Section Modulus = 5 = (16,000 fi-# x 12 in/)/13000 = 147.7 in?

Thus the correct answer is A. If you selected answer C or D, you probably
forgot to convert the moment in fi-#to in-# by multiplying the moment by 12

to keep the units consistent. If you selected answer B or D, you likely forgot

to multiply %/F, by 3/2. Once the required area A and section modulus 5

have been determined, the member may be selected from a table of properties

YWhich ofthe retaining wall sections below show the correct placement of reinforcing steel?

O A landll

QO B.lland lll
O C.lland IV
QDL and Il

Reinforcing steel must be placed in the tension face of a reinforced concrete structure, thal
is, the face which elongates or stretches under load. Thus, by visualizing the shape of the
deflected structure, one can determing where the reinforcing steel should be placed. In the
diagrams below, the retaining walls are acted on by the loads shown, causing them to
deflect as indicated by the dashed lines.

TENSION
/TACE

i

L and L1 TMand TV

Inland Il the face of the wall closestto the earth and the upper face ofthe footing are in
tenszion. Therefore, | has the reinforcing steel correctly placed, while |ll does not, since the
steelis shown closest to the bottamn face ofthe footing. In Il and [V, the face ofthe wall
closestto the earth and the hottom face of the footing are in tension. Il shows the carrect
placement of the reinforcing steel, while IV does not, since the steel is shown in the face of
the wall furthest fram the earth. Since | and Il show the correct placernent of reinfarcing
steel Ais the correct answer.




