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Problem #1 (40 points)

L. True or False (8 points)
If each of the following statements is true, circle T, otherwise circle F:

(1) Structural analysis is the art of utilizing principles of statics, T @
dynamics, and mechanics of materials to determine the size
and arrangement of structural elements under prescribed
loads and/or other effects.

(2) The various codes themselves have no legal status. @ F
However, when they are incorporated into the building codes,
they have official sanctions, become legal documents, and
considered part of the law controlling design and
construction in a particular area.

(3) Concrete is very weak in compression. T

(4) Concrete is a mixture of cement, fine and coarse aggregates, @
and water.

of the hardened mass of concrete.

(6) Creep occurs at an increasing rate over a period of time and
may not cease after several years.

F
(5) Aggregates occupy approximately 30% to 35% of the volume T @
F

T
(7) Generally, concrete attains approximately 70% of its 28-day @
strength in 7 days, and approximately 85% to 90% in 14
days.

(8) In the stress-strain diagram, the slope of the straight line for @ F
steel is the modulus of elasticity, E.

I1. Fill in the blanks (12 points)
Complete the following five statements. Note that you are allowed to ONLY use terms from
the list below; other terms WILL NOT be accepted.

(a) The modulus of elasticity  of carbon reinforcing steel has been adopted by the ACI
Code as 29 x 10° psi.

(b) For complete hydration  of cement in a mix, a water/cement ratio of 0.35 to 0.40,
or 4 to 4 /> gal/bag is required.
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(c) The property by which concrete continues to _deform (or strain) over long periods of
time while under constant load is called creep.

(d) The modulus of rupture is the maximum tensile bending stress in a plain
concrete test beam at failure.

(e) For rectangular reinforced concrete beams, the ACI Code stipulates that the amount of tensile
steel must not exceed 0.75 times the amount of steel that would produce balanced conditions.

This is an attempt to ensure a __ ductile failure that is produced by yielding

of steel as compared with the sudden and __ brittle  type of failure in the concrete.

List of possible terms:

brittle yield stress hydration compressive strength
ductile Remain the same Young’s modulus modulus of elasticity
deform Poisson’s ratio elastic modulus Old’s modulus
strain modulus of rupture splitting tensile strength ~ shear modulus

III.  Modulus of rupture (20 points)
A plain concrete beam has a rectangular cross section 12 in. wide and 26 in. deep. Assuming
that the modulus of elasticity £, for the concrete is 3,120,000 psi and its compressive
strength £ =3000 psi, compute

(a) Its modulus of rupture f,.
(b) Its unit weight in 1b/ft’, and

(c) The weight of the beam per linear foot (Ib/ft)

(a) f. =7.53000 & 410.8 psi

L

Ec 1.5
331!

E
(b) E, = wi‘533,/fc' = wi‘s =——>=w, =
337

1
15
_ (3’120’000j 144 b/

33+/3000

(¢) beam weight = % (144)= 312 Ib/ft
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Problem #2 (20 points): A rectangular, tension-reinforced beam is to be design for dead load of 1.0
kips/ft (includes beam weight) and service live load of 1.2 kips/ft, with a 22 ft simple span as shown.
The total beam depth must not exceed 16 in. Based on the ACI Specifications and using material

strengths f"= 3000 psi for concrete and f, = 60,000 psi for steel, and a steel ratio of 0.5py,, compute:

po—] (a) The required beam width, b.
W ) T
i J, L i i i J, 16" 13.5" (b) The tensile steel requirements (i.e., select
’ rebars).
k 22 )
w#% SOLUTION *¥*
Method I (using tables):

(a) The required beam width, b:
w, =1.4(1.0)+1.7(1.2) = 3.44 kips/ft

w, L' _3.44(22)

M, = e =208.12 ft - kips = 2,497.44 in - kips
For f!=3000 and f, = 60,000 psi, Table 5 gives pmax = 0.0161. Fro the same table,
P, 0.0161
=0.75p, =>p, = =—— =0.0215
pmax pb pb 075 075

required p = 0.5p, = 0.5(0.0125)=10.0108
For p = 0.0108, Table 1 gives k = 0.5657 ksi.
M, =obd*k

M 2,497.44

u

b = — =
od’k  0.9(13.5)*(0.5657)

=26.92|use b =27 in.

(b) Tensile steel requirements:
required A, = pbd = 0.0108(26.96)13.5) = 3.93in’
USE 4 #9 bars: A, =4.0 in®

Method II (using equations):
(a) The required beam width, b:
wy, = 3.44 kips/ft and M, = 2,497.44 in-kips from Method I

_ 085/, :[ 87 ]: 0.85(3)(0.85)( 87 j: 0.0214

P f, f, +87 60 60+87
required p = 0.5 p, = 0.5 (0.0214) = 0.0107
A, = pbd

fypbd — f,pd  60(0.0107)13.6)
0.85/h 0.85f 0.85(3)
M,=2,497.44=¢TZ=¢ (f, A,) (d—al2) = of, p b d (d—al2)

=3.3991n.

0.85//ba = f,4, = f,pbd = a =
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2,497.44 = 0.90(60)(0.0107)b(13.5)[13.5 - %} =102.3

S.b=27.131n. |USE b =27 1n.
(b) Tensile steel requirements:
required A, = pbd = 0.0107(27.13)(13.5) = 3.92 in*
USE 4 #9 bars: A, =4.0 in
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Problem #3 (20 points): Seven No. 11 vertical compression bars extend from a column into the
supporting footing as shown. Use f. = 5000 psi and f, = 60,000 psi. The A, required was 10.2 in 2,

There is no lateral reinforcing enclosing the vertical bars in the footing. Determine:

(a) The basic compression development length, /4. S

(b) The required compression development length (/;,xMF). \

7—#11bars

*¥%%* SOLUTION ***
(a) Basic compression development length:
Using equations,

1, =0.02d, % =0.02(1.410) 695’888 =23.931n.
Check min:

0.0003f,d, = 0.0003 (60,000) (1.410) = 25.38 in. > 23.93 NG

Therefore, USE I, = 25.38 = 25.4 in.
Using tables:
From Table 3, for f, =5000psi, /s = 25.4 in., which gives the same value as above.

(b) Required compression development length:
Note: no lateral reinforcing enclosing the vertical bars in the footing, therefore, MF = 1.0
for that case. However, because the actual reinforcement, required 4, = 10.2 in” is given,
we need to calculate MF for that case:

For 7 No. 11 bars, A, provided = 10.92 in® (from Table 3)
A ired

required length =/, xMF =1, x L@

A, provided

10.2

=25.4x =23.721in. > 8in OK
10.92

Therefore,

USE 23.7 in. for required development length.
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Problem #4 (20 points): A simply supported, rectangular, reinforced concrete beam having d = 24 in.
and b = 15 in. supports a uniformly distributed factored load w, = 7.5 kips/ft as shown. The given load

includes the beam weight. Assume No. 3 single-loop stirrups. Use f. = 4000 psi and £, = 60,000 psi.
(a) Draw‘ the complete shear ﬁVu) dlagrham Critical Section

showing all-important points for stirrup / S Kins/f

designs (Hint: make use of the symmetry T T T 1T 1 W“I . fp ST T ] B

of the beam about its mid span). 4
(b) Using the V, diagram, select the stirrup PN

spacing to use at the critical section (d 28 ft |

distance from the face of the support),

and the location along the beam where

stirrups may be stopped

**%* SOLUTION ***
(a) Complete shear diagram:
e Critical Section ©
w,=7.5 kips/ft w L 7.5(28)
A T T S Y Y Y =105k
, OV, 02 Thd - 0.85(2v4000(15)24
" oV =38.7k
Req’d ¢V 2
90 V' =105-2(7.5)=90k
/ May stop 14 )
/ Stirrups here V. > Tc: ~.stirrups req'd
38.7
19.35
” 19.35 '
‘%c #3 stirrups (4, = 0.22in?)
0
kl S r_ " X
(kips) 14’ =168 559

(b) Stirrups spacing and location of not needed stirrups:

_ ¥4.1d

_ 0.85(0.22)(60)(24)

=5.251n.

req'doV;

90-38.7
Location along the beam where stirrups may be stopped = 14 - 2.58

= 11.42 ft from left f.o0.s




