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5.1. For the beam cross-section shown in Fig. 5.33 determine whether the failure of the beam will be ini-
tiated by crushing of concrete or yielding of steel. Given:
f& = 4000 psi (27.6 MPa) for case (a), 4, = 10in.
£ = 7000 psi (48.3 MPa) for case (b), 4, = 5 in.?
f, = 60,000 psi (414 MPa)

Also determine whether the section satisfies ACI Code requirements.
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5.2. Calculate the nominal moment strength of the beam sections shown in Fig. 5.34. Given:
fi =E 000 psi (20.7 MPa) for case (a)
- fe = 6000 psi (41.4 MPa) for case (b)

f, = 60,000 psi (414 MPa)
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5.3. Calculate the safe distributed load intensity that the beam shown in Fig. 5.35 can carry. Given:

fe = 4000 psi (27.6 MPa), normal-weight concrete
f, = 60,000 psi (414 MPa) '
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5.4. Desigh a one-way slab to carry a live load of 100 psf and an external dead load of 50 psf. The slab is
simply supported over a span of 12 ft. Given:

“ f¢ = 4000 psi (27.6 MPa), normal-weight concrete
f, = 60,000 psi (414 MPa)
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5.5. Design the simply supported beams shown in Fig. 5.36 as rectangular sections. Given:

f. = 5000 psi (34.5 MPa), normal-weight concrete
f, = 60,000 psi (414 MPa)
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5.6. Check whether the sections shown in Fig. 5.37 satisfy ACI 318 Code requifcments for maximum
and minimum reinforcement. Given:

fe = 5000 psi (34.5 MPa), normal-weight concrete
fy = 60,000 psi (414 MPa) '

The compression fibers in all the ﬁgures are the top fibers of the sections.
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5.7. Compute the stresses in the compression steel, f7, for the cross sections shown in Fig. 5.38. Also
compute the nominal moment strength for the section in part (b). Given:
fe = 6000 _péi (41.4 MPa), normal-weight concrete
f, = 60,000 psi (414 MPa)
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5.8. Calculate the ultimate moment capacity of the beam sections of Problem 5.2. Assume two No. 6

bars for compression reinforcement.
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Q= a’//g| = )'l-Z\ AN,
€y= 0.003 (&:_él>= 0.06122 nlin,
Q

etond “Teial

“5\= € E,= 35,325 L
0= 292 \n.  Q-3Win. €= 0.00\0l] Wlin,

- Of%r wveral Arials: 3= 32,834 pal = @41i0. 0= 39in

[ ]
LI 2

- th 0.003 (d- -Q 3 = 0.00172 Wlin Y 0.00% in}in
c

Tenon- Con'woled.

ok Q- dAkin < Fin. 8=0.90

o \31'- \O N, 9____&

23



Moz CAgQy- AL3) (8- 82) & AL % (d-¢9
- [ (&3u0,000) - Lo;%‘ataz,qxum (»5- 9_@«2_1_ N
+ (oxDH 22, 1T BS 2.5)
= 2122,7U% in-1o

U = 4 Ha= 1820,2A) in-\b
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§.9. Solve Problem 5.3 if two No. 6 bars are added as compression reinforcement.

Jwluton <

Q—l_\'wen
o= 10\n. L% a00. 4= 3.0\n? ’f&: W,000 FaL
h= 20w, A«g; 2100. L= O in? Qv.t: 120,000 pac
dt-: 10, ﬁ\: 0.35
d': 23in.

1]

GYBumMe  Compredyion dkel MY helded -

0= U-AD Y = (2-03DWbood) = 214 .
0% 4 b 0D W0)

C- & = 314 = Juon.
Y TN T
€y= 0003 (g;d‘) = 0003 l\\ub-z.s>= 0.001306 Wlin.
C Huo < 0.00Z in)in.
<. Compresiion Vleel
hay not yielded .
Yt il

L- & By= ooy mnge )= 27,5 pal

O (DL0oo) - COSLTTLSWD) = 432 in.
0330 y,005 L6

C= Q& - Y32 - 30% \n.
B o

Cy= ODOBL ch-as\ = 0.06\32 nlin,
5.0% |
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Lecond Wial

52,%‘: (o.oore2)(29 K1) =, 218 5oL

Q= CALO,0D - (O, 21D = 41D in.
034,000 1)
C= A5 - 4% m.
IR
Cd= 0.003 [ BRY- 6.00 WL Wlin.
el
Ofkr [everal falde 40 uz203% ?&L A=Wk, O=N447 0.

A 0.003(‘\9_3- &5)‘: 0.00\1% W lin.

WAz
¢, 0.003 (d Q) 0.00% [ M- Um.) 0.0614% whn. S 0.002%
naz
S, Vendon ee)
0.-00T4 7 0.00% .. “venyion -aontolled nay yielded
| A=040
P-A =3 - oow
bd LMD
fm\r\— oy % 3{'{ A0 = 000> < 0O% . knkiey ALT Qode
(" 40

o= Ol- A0S B-%2) + AR ()
= _Y (5¥L0006) - (0FN 2,92 L (11- 441) + OFOUZAHN-a%)

2
Moz 2, 0L%,05 in-Yo.

Hy= “n = 2,401,205 -0, - w, L
§-090 S
wy = (2,401, 208X = 1413 dlin
C2e% 1) % = 23(% Wo|§.
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Fom ooem D3, et -wegm = 203.3 TolR.
W= W2 BL W LL
23L%= 1.2 (208, %) v\ LL

LL= 1323 Yol§i.
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5.10. At failure, determine whether the precast sections shown in Fig. 5.39 will act similarly to rectangu-
lar sections or as flanged sections. Given:

fe = 4000 psi (27.6 MPa), normal-weight concrete
f, = 60,000 psi (414 MPa) :

Jin. 3in,
{76.2 mm) {76.2 mm)
r——- 30 in. (762 mM) ————af | paame— 30 i, (763 mm) —__..|
F 3 T oz
<E ¢E
o2 RE
3No. 9 bars s 5 No. 9 bars =
. ___l AN f
12 in, — 15in .
{304.8 mm) (381 mm)
fa) . ()
18 in. (457 mm) 33in
in. mm (88 mm)
| :
1
4 No, 8 bars -g
L—iz in.—-J
(304.8 mm)
(c) Figure 5.39
alution ¢
Q) Sien
; - - (a2
bw" (VAR o As' 30.4 =30in
b= 200, - noo0 Tl
h*: > N, : ‘(1-:: m:m W"’
d{_': % . p,= OXS
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— 0w oy awe}c‘amau\af [ecHon:,

0= A§ l_":( = L%ﬁLLQO,DO& = L .
0 OXHL e 26)

G- O = 11k - 20%in. 4 h=23in s Tead oy
. 0.5 feck w\%u\o\r
Ve ton.
o) _Giwen _
b= WRin A=D09% = S0 n®
= 2010 {c= hoo FuL
’hi: 30 in . 52«1—_ W00 TR
dg= &7 in p= O
asswme Qa3 o mmsu\w eeton ¢ Could
A= Do) = Al < ¥\;= Bia s Tt o f“—%“m
050 (1,000 X20) Lgon oF
0= & = Q94 = aylL n. > 3;\£= 3in oy o L-Recton
P 0%
() Giiven
b= \Zin A= 400X = 3auin®
V= %in X(_‘= 4,000 pIL
snt: 3sn Q"F (20,000 ISL
= xin fi= 0%
Oxsuwme ay o fettamquiar eckon ¢
0= (200NE0008) = 310 in < hy= 3D in.
05 L, 600X <« Could teat a3
. (edamgu\c\r

C=Q - 36 = albuin > *\W: 3.5 in

[eekion or Q¥
TN

o L-eokon.
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5.11. Check whether the sections of Problem 5.10 satisfy ACI Code requirements.

a) Tom TRorlem DU0. oot Beom 0d O (ec)mg ular Jection.

0= (3N10ooeY = Llein.
0554 ol 20)
C-= & = .\:.].LD- = 2.0% in.
ﬁl 0s
Q0 = 20b = 0.9 < 031D . TVendion- con'volied
d, 18 8-040
P: _A§_= .2 = 0.00%0L
bd U
P= MY §IE 207 - 0003 L0008 o, doknkiedy AT code
Cy Wy

Q) “reat 0N a evianqular SeeHon.

Q= 204 . 0ond Q= 34uin (Fiom Piodem DIDD)

L - 3486 = 0123 <O0AS s Tendion - Contolled
% an =090

P- A = % - o0000LZ ¥ 000> s Safintiey AT e
bd G

) Weak 08 a 120,*6-"&3\1\07 J;eekak , A= 30in C= BUY iq.
L - 3Ly = 0.202 < OIS <. Tendion- conXoled

P= = 3Ju = 0004} Y0.00> .. Vodsha AT Code .

As
o OT) -
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5.12. Calculate the nominal moment strength of the sections shown for Problem 5.10:

<oluhon :
Q) From Yioolem S o 0= \bin,, A&:. 3.0 df \% 0.

Mn= Ay Ld—%3= (30,009 (15-1a0) = 3,00 Vb n-Yo.
2,
V= Bn = 2713, 089 in-Yo.
3-090

B 0= 204 n ng 5,0 wn? ) d,ﬁ 21 va,

Moz Y W0000) C21- @91 = 7,15%, B24 in-Yb.
2
Vo= Bn o L,%92,9 o
-8-090 |

) Qs 3Win, A= 3wt d,= 1% n.

Moz L2060 10,008 (K- 20) - 314, 1Bl n-1o.
,
“lu: __“ﬂ__ = Q_KD_I‘J A3 n-\b.
A=040
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5.13. Repeat Problem 5.5 using a T-section instead of a rectangular section. Use a flange thickness of
3in. (76.2 mm) and a flange width of 30 in. (762 mm).

Jolution:
) Fom Rodlem S50 . Repuired Hp=  \ULL, LUl in-Yo.

mn N= 2 - 200D = Din.
) I

“\'15 h=Rin d;= BDin b= 1Zin D= 20 in hi"’ 2.0 in.

Qume ax o mo.*angu\m wotion.

0xume  (d-9f2) =\a =044 3d= 0.4 (@ = \T in.
Mo A Y W-ad2) L,4bl: olil= Ay Wb oodd LD
‘ ‘ A§= 2.08 in?

‘ﬁ& 3 V0. bOI A%: 231 10?2 (diamexry = 1.0
Qctuot -Q\{ﬁ o- 2.0 - f(hd)= 2.5 0,

Lo Asle = C22bood = W2 in < 30in i Yol 0%
oS Lo 035 (50002 feclamgular Weetion

\

P As = 231 - ocooLD
bd  (RAizs)

ym.m.,,mms (ﬂ_f X 2_@) = 0.003% <0000  :. sy AT Code

Y K

= 020315 o .endion -

Q-= .Q—"—:: \-\Z = \Bq \n B &_ = \.%q
p 0! d¢ 129 Contvolled
A=090



Qottad Moz Agly (-0 = C23N(L000d L1z -2
2

= L (A%, 203 0= S\ Mle, ] invo. 0.

—

b) Fom Podem 80 |
Ty N= 13, d=in. b= Bin D=20in hiz30i0-

Tepyuited nominal moment Iengin =\, lbl, LT 0=V

Owume ay o feclanquior sechton.
Iume a0 = 04d = 0.90U= N1 in.

o= Adk e CAy= b LT - Gl n?

Luo,gool I

_‘15 .2 Lo. 4 bars LA3= -20 %) - dicmeRy = Y\ aen

Qeda)l Q= 15- 2 - RGN x 219 .

0= (X LO,008) = 00U \n. < %1=3.c>m St o0 mojamgu\w
0 %5 5000 X20) YecHon.

Q= 0 - 1] s L =1} - 0.084 <0315 . Tenion- Condolled
030 dg 1S 4-040

P-. &_ = 00053 Y 0003 v. dadinfiey AAT code
T

Octual  Wo= ( 23(00,006) C125- 044y - 1,443, W00 Wn~\b. .
’ 2 .
7 LI, LT wn~\o. O.X.

p——
——
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@ Tom Yovem 3L,
Ty N=\Sin O \3\n Py= Bin D=3Din Ny= B.Oin.

Repuived My= (133,223 n-\o

Azume Oy o e Omgu\m’ [eoion.
0ume 4 & 0.8q = 0903 = N\ 1n.

A= W aza - 041wt
(60,0060 WT)

Ty 2 004 bark o Ag= 20102
Jme. 0y part b . ek o) feakan 8u.\a{ eeon with

o= 1,443, 600 in-Yb > b3, 222 \n- Yo oL
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5.14. Using the details of Problem 5.4, design a reinforced concrete T-beam for the slab floor system

shown in Fig. 5.40. The floor area is 30 ft x 60 ft (9.14 m x 18.29 m) with an effective T-beam span of
30 ft(9.14 m).

T-beam
| ,f//: ! '
L-beam { | : i T-—
\ } { ', I “? E
| i i ! 85
i f ! ! =
| [ | [
| | | | 1
L | | |
l
) =60 ft | Figure .40 Plan of one-way slab floor
sat(:g.fzte n?) i system.
Soluton:
R e e e
LL = 100 p3 % DL= 5o pat

Ylab Dewgn
AS)

L=12 % L= WH =13210n,

Nz An = W0OD = 47 in.
2% 2%

_TY\A h= Din ,d=UWin | p=izin,

eh-weight of Yab= KoEWD = LZDS i
14y

Wy = 12Lb2%+ B0 + LL00S) = 295 - Iofpt
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M=, B = @AWY 2= 334D in-o
W\ . I\

Repuited ~Ho= Mo - 143207 w1
d=090

H,= ASH (d-42) Asaume (d-042) %044

AS= h3,2u1 = 0.20 /W:in INiP
0,000 AW

Minimum Yeinforcement tatio = max\ __EE = 0.00%3

20)
LR
\2-

OO mum }\3- 0.co BBL\Z}U-D = O \U l in dlvig

T{n *U bare at 12-in ¢ - A&-a 020 in>

o= Agg = LO\ZOXUO)OO& = 0. 29 in,
oot o 0%%Y,0000U2)

C= Off = 0.2‘2[0\%6-— 0.35 In.

€,= 0003 (d—c> 0003(5-055)— 0.03 Wt inln
c

0.3% > 0.00S inlin

e Tendlon- 0ontolled
‘ : A:O\qO
Hp = 0200060000 (4- 028 = 45285 in-Yo v
2 43,207 in-\o ok

emmancnie
o
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2
i‘Hu‘: Wy n = u%zh\ 22 x \2= 2(0:”\ in-fo
W

W
Rouicd + Moz B o 29740 in-o
Q=ORO
Ae= 2440 = ONY i [\2-‘\n Irvip

(20,000 (DMWY
Mim mum }x&-_- O-\b H\Z/\z-in JWip
Ty #3bar b $Hine-c Ag= 000w’

0= (00N W000d = 0.24 in
0.%5u000) \\2)

C= 024/035= 0.2%mn

6, = 0.003 (5\—0.233 = 0-0403S Wnlin » 6,005 wfin
02y

& TenQiom~ Conolled
4 =090

Hn= (010 0pod) (- 0247 = 3727\ in-ly 5
2

24,14k in-Yo  pp

ammm—
—
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Tempe atire  and %hﬁntc%e_ tein Sor cement
Ay= 0-00l%bh= oM in'
MK um é,gaemg; Bh= 2500
Ule 0. 3 pors ot 12 in ¢-C

Nence, WO. Y bary at 12-in e Dor -

NO. 3 boary at R.5-in & Jor +HMa
W, 3 ears at 12-in eC Yor kme.

»’beam 'D’—%'\ﬁ(“ .
-\.: 30 1 /Q-r’x'-'" W\ Pt

mimimum N= o 2 @D = 27S in.
Wo Wo

—‘fﬂ h=22in d= \ASin. byu= \0 in.
b= nr\m}~ \Uh£ o, da4by :, 'y L?s

= mmz LSO =90 , uCiE o =1z, ' (30302)-:%75
= Q0 incney

beam Sef-wegnt = 150 (2-8)(8) = T\ ik
1y
dlov WE-welgrt = 6% ol

S wy= W2l02S T 412300 02) 1L Ue)= 2923 \o|}
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Uy = (292938 x 1z= 3352)25 in-Yo
N |

Topguied Moz Mu - 4391250 in-o
&" O\qc

A= AXge0 = unw’
L0000 WAHAS)

_ 2
TRy L 0.3 oS Ay= A4 in

a(‘)rua?” dt 22 1S-0S-1 = \‘{m

Oasume Q< ‘M_ :

O= M4 (0,000) = 043 In < Sin

0%S (40000
S Qontaer a8 a

’R&*an& ulay jechon
p= Ay - 0.02%
bd

min P = max%sﬂ’é ?_,__OQ;?— 60033 <0025 Ok
[ 3y
Q=_a_-_=-|.001 In
A

Q - W01 _ 0.057< 0TS . Tendion -tonvolied
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Hn= ASQ‘( (,d-a‘h§= U'YI"\)&&O,OODBLM —Q;}}j
- 2

= 5,27 43 - > 4, 3%, 250 tn-lo Q%

40



6.1. A simply supported beam has a clear span /, =22 ft (6.70 m) and is subjected to an external uniform
service dead load W, = 400 1b per ft (17.5 kN/m) and live load w, =12001b per ft (13.1 kN/m). De-
termine the maximum factored vertical shear V, at the critical section. Also determine the nominal
shear resistance V, by both the short method and by the more refined method of taking the contri-
bution of the flexural steel into account. Design the size and spacing of the diagonal tension rein-

forcement. Given:
b, = 12in. (305 mm)
d = 17 in. (432 mm)
h = 20in. (508 mm)
A, = 6.0in” (3780 mm?)
f = 4000 psi (27.6 MPa), normal-weight concrete
f, = 60.000 psi (413.7 MPa)

Assume that no torsion exists.

wy= 3200 'olft Teh-weignt = 12420 1\%0= 22> V|4
L1 [ 11 Yy
T }
l

wy= W2{230+368) « WW{1200)
= 3300 lbl“
N 360

0V, (ot Suppest) = (3200W.22)
| 2
- k_dzn" \l A = 36,200 1b.

v, (ar )= 20,200 - 33D Qi
= 31,23 V0.

199,650 ¥ -\b .
M H, @rd) = 3,300 (Mhe) - 2300(ie)
2

=l i"d——n" = 430 b
| = B3T3 n-\b.
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