Prob. 1-1

16(28)

—2(150) = 467 Ib/ft
(a) ™ (150)

12026-6) 15, 6(38)

(®) 144

—o(150) = 488 Io/f

Prob. 1-2

Spreadsheet problem: £, =w, "’ 33, /. Check value for w. = 145 1b/ft3 and £, = 4000 psi:
E. = 3,644,000 psi

Prob. 1-3 L =24 in. with 2100 Ib load at midspan.
Beam weight = %%(O. 145) = 0.036 kip/ft [= %2—(6)4 =108in.*

0.036(2)° | 2.1(2)
8 4

M =

=1.068 ft - kips

Mc . 1.068(12)3)

= = 0.356 ksi
/ 108

By ACI formula:

£, =7.5f." =7.54/3000 = 411 psi

Prob. 1-4 Simply supported beam of length L.
3
Beam weight = 10(1;)) 145=100.71b/ft; £, =350psi; [= 10(120) =833in.*
2
p = 10070 12.5917
12.59(12)(5)1?
= =350
f==ts 833
L= ]9.65 ft
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Prob. 1-5
2
M = 0'5(;0) + 2(20) =11.25ft - kips L’f‘;“‘l
(a) C = l;é-(s)(s)z 32f, in? | |z
M=CZ i | Y S
11.25 ft - kips = 32 f, (in. )@«)(16 in.)

_11.25ft- k;ps(l2 in./ft) — 0,396 ksi
32in? (E](l 6in.)

Js

2 2
(b) S, :&:M:Mliné; £ =£=LQ£QQ:0_396 ksi (OK)
’ 6 6 S 341

X

Prob. 1-6

f, =7.543000 =411psi=0.411ksi

(a) 1.C. method: Z= 16 - 2(2.67) = 10.67 in.
C=T=0.5(0.411)(8)(10) = 16.44 kips

M,=CT=TZ =—1——§£%(—]2~Q@= 14.62 ft - kips
(b) Flexure formula check:
2
S, = 1006)" _ 437in 2

M, = .S, =0.411(427) = 175.5in - kips =14.62 f - kips (O.K.)




Prob. 1-8

(a) f'= 4000 psi 2 e
: c
. *t. M -
7.54/4000 " Jg=153 " ,
= )] v + 4 /
f’ 1000 5.33 _ , 1 D'LZ ZJ Z 7
=0.474 ksi i K I3/ N N A
4"}7 3 . 1] " ‘/ ] ks
x =0.474 ﬁl L, 2o’ ,.{ .28 iis! *_4 T
8.67 ) ’ ©. 47 4" ksi
=0.255ksi ’
Force | Magnitude (kips) Moment arm (in.) 1.C. (in.-kips)
T, 0.5(0.219)(20)(4)=8.76 | 10.22+(2/3)(4.67) = 17.56 153.8
7 0.255(20)(4)=20.4 10.22 +4.67+2=16.89 344.6
75 0.5(0.255)(4.67)=2.89 10.22+4.67+(2/3)(4) = 12.33 39.7
Total :M,, = | 538 in-kips
3 3
(b) I= 201(;) +20(4)(6.67)* + 5-(-‘-:13)—- +5(20)(5.33)* =9840in.”
¢ =8.67in. (to tension side.)
- = 0.474(9840) =538in-kips (OK))
8.67
Prob. 1-9 o _
._‘,u Q)ﬂ 70
<
20" S PP 32" Al a
- ]
- e @-ZD" - 9‘20" - é—-—-@'{} s 21
4 ] 8‘ / AoeTy N
& + ) >
v rA. ¥ i &
2ol 0.290_41—
&,4-40 4-,
K3/

£.'= 3500 psi;

}"‘:ZA

20(6)+2(7)(14)

=920in.;

1-3

£, =7.543500 = 444 psi = 0.444 ksi
Zdy _ 20(6)3)+2(7)(14)(13)

3.20

x= 0.444(—————«j = 0.1544 ksi
9.20




Force | Magnitude (kips) Moment arm (in.) 1.C. (in.-kips)
T 2(0.5)(0.1544)(7)(3.20)=3.46 | 7.20+(2/3)(3.20)=9.33 323
Ty 0.1544(20)(6)=18.53 7.20+3.20+3=13.40 248.3
T 0.5(0.290)(20)(6)=17.40 7.20+3.20+(2/3)(6)=14.40 250.6
Total :M,; = | 531 in-kips

22 1 6(20)(6.20)? =11,004 in.*

_(704)? 2, 20060
(b) =2 = )+2(7)(14)(3.80) >

.1 0.444(11,004)

=531in-kips (O.K)

T ¢ 920
Prob. 1-10
/=3000 psi 4 + r .
f f — M 436
f,=w=o.4uksi _ ‘
4 1000 . 364"
o= =y 1z -4 +
S, 64
=5, g
_2(4)(12)(6) + 4(20)(14) | | :
2(4)(12) + 4(20) a u “
~9.64in 0 R LS W
/= 2( 4(3) ) +2(4)(12)(3.64)% + 201(;) +4(20)(4.36)* = 4051in.*
(a) M, _ LA OALED 0 7in -kips
9.64
(b) Beam weight = 420) 1’42;4)(12) (0.145) = 0.1772 kip/ft
2
Beam weight moment = 0.17722)” =3.19 ft - kips = 38.3 in. - kips
PL M, —383=1727-383=1344in-kips, P =441 5 55 ping
4 12 ft (12 in/ft)
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General notes at beginning o ter 2 problem-set

Prob. 2-1
(a) 449, A;=4.00 in

g Aty 40060) _
T 085fb 0853)(16)

4.00(60)(24 _5388

a 2 )
M, =Af1d-—|= =421t -ki
n sfy( 2) 12 pS

(b) 4#10, A,=5.08 in’

5.08(60)(24 _147
_5.08(60) _

= 2 =7 47 in. M, = ):Slet-kips
0.85(3)(16) 12

% Increase: Ay +27%;, M, +22%

(c) 4#9, A,=4.00in> a=5.88 in. (from part (a))
4,00(60)(28 3388

M, = 2 ):SOlﬁ-kips
12

% Increase: d: +16.7 %, M, +19%
(d) f.'=4000 psi
4.00(60) 24 - iﬂ
4(60) .

- A0 4 4tin M, = 2 )=436ﬁ-kips
0.85(4)(16) 12
% Increase: f.':33.3%; M, 3.6%

Prob. 2-2  Check & for Prob. 2-1(a)

0,003 ! ’
c=2 = 588 _ 6.92in then, from a strain diagram :
B 08 / Qf,\'\‘
£, ~0.003 hid
(24-6.92)  6.92

H
74"

[708"

g = 0.0074>8y =0.00207 .. fs fy /
S
‘ €



Prob. 2-3

3.16

(@) [4/40), 4#8, A,=3.16in%, b=13in,d=24in. p=-——-=0.0101

Agmin = 0.005(13)(24) =1.56 in*< 3.16 in.> (O.K.)
(Table A-9) k£ =0.3800 ksi and &> 0.005, .. ¢=0.90

0.90(13)(24)*(0.3800)

M. =¢bd*k =
oM, =¢ T

= 2131t - kips

(b) [4/60], 4#8, A,=3.16in% b=13in,d=24in. pzﬁ-(—»——::OAOlO

Agmin = 0.0033(13)(24) =1.03 in.2 < 3.16 in.” (O.K.)

(Table A-10) k =0.5520 ksi and &> 0.005, . $=0.90
- 2

S0, = b’ = 0.90(13)(212) (0.5520)

% Increase: f,: +50%; @M,: +45.5%

=310 ft - kips

13(24)

3.16
24)

1

Prob. 2-4 [4/60]

y= 24Q227) _ ) 649in.

d=32-15-0375-1.27/2-0.649 =288 in.

o889
16(28.8)

=0.0193, k=09609ksi, & =0.00449

" ¢ =0.65+(0.00449 — 0.002)(@) =0.858

_ 0.858(16)(28.8)" (0.9609)
12

oM, =pbd’k =912 ft - kips

2

L #3
lfi‘(av,

2%

Ship

[ " { 'Clr.

222

22



Prob. 2-5 [3/40], »=20in,, d=42in, h=45in, L[=28 ft
Beam is adequate if @M, 2 M,

Beam weight = —2-(;—%5—2(0.150) = 0.938 kip/ft

W, = 1.2(0.938 + 2.20) + 1.6(3.60) = 9.53 kips/ft; M = 939t - kips

u

_ 9.53(28)?
8

7.62
20(42)
Ajgmin = 0.005(20)(42) = 4.20in.> < 7.62 in.> (0.K))

(a) 6#10, A,=7.62in’ p= = 0.00907

(Table A-7) k =0.3380 ksi and & > 0.005, .. ¢=0.90

0.90(20)(42)* (0.3380)
12

$M, =pbd’k = = 894} - kips <939 ft -kips (N.G.)

230 _po111
20(42)

Asmin= 420in2<936in* (OK)

(b) 6#11, 4,=936in> p=

(Table A-7) k = 0.4053 ksi and &> 0.005, . $=0.90

_ 2
OM, = pbd’k = 0'90(20)(41? (04053) _ 1072 -kips >939ft -kips (O.K.)

Prob. 2-7 _[4/60] b=12in, h=20in., 3#8 (4,=2.37in?)

Beam weight = 17;(5;0) (0.150) = 0.250k/ft

d=20-15-038-050=17.62in; Ay min = 0.0033(12)(17.62) = 0.700 in*> (OK))
o= E%%i} =0.0112; k=0.6056ksi, & >0.005 ¢=0.90

oM. = 0.90(12)(17.1622)2 (0.6056) _ 1 con - kips

_[1.2(0.7+0.250) +1 6(2.9)](16)°

Mu
8

=164.5ft -kips <169ft-kips (O.K)
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Prob. 2-8
[3/60] b=16in., Ah=38in, L=26.5 ft simple span. Check moment adequacy.

Beam weight = 1—61%%4@(0.150) =0.633k/ft

py, 112080 +O.6Z3)+1.6(3.20)] (265" = 706 ips
(@) 549, A4,=500in’ d=35in, p=—0 = 0,0089
16(35)

Agmin = 0.0033(16)(35) = 1.85in? <5.00in> (OK)

k=04781ksi, &, >0.005, ¢=0.90
_0.90(16)(35)*(0.4781)

oM, = > =703 ft -kips <706 ft -kips (N.G.)

(a) 6#9, 4,=6.00in> d=344in, p=

6.00 _,
16(34.4)
Ajgmin = 0.0033(16)(34.4) = 1.82in? <6.00in? (OK)

0109

k=0.5702ksi, & >0.005, ¢=0.90

2
M, = 0'90(16)(341';‘) (0.3702) _ 508 1t - kips > 706 ft - kips (O.K.)

Prob. 2-9 [3/60] 3#10, A,=3.81 in? 5=14.5in, h=26in. check moment adequacy.
448 K4

d=26-15-038-1.27/2=235in. 289 "7’&7 o t
Calculated beam weight = 0.393 k/ft P A YLl Lt T s
. - . = . 4 2
Max. M, from diag. = 304 fi-kips o e
3.81 o : ' P94
p=———=00112 46.35\ 2,51 AN
A, =00033(14.5)(23.5) =1.12 in” (s’ T \
— e | gl .
k=05835 & >0005 ¢=0.90 LRI N
) o a1
oM = 0'90(14'5)(35) 0-5835 _ 350 - kips >304 ft -kips (O.K.)
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Prob. 2-10 [4/60] 4#9, b= 14 in., =24 in., find max simple span L

d=24-15-038-1.132=2161n.

- ~0.0132
P=Taate

A, i =0.0033(14)(21.6) =1.00 in.?
k=0.6998ksi, & >0.005 ¢=0.90

0.90(14)(21.6)%0.6998
12
_ [1.2(0.60 +0.35) +1.6(1.4)]L
v 8

oM, = = 343 ft - kips

M

=343 ft - kips, from which L =285 ft

Prob. 2-11 [3/60] One-way slab analysis. #7@6 in., 4,=1.20 in./ft, h=10in., L = 16 ft

Slab weightzl‘%%l(o. 150) = 0.125 k/ft;

_ [1.2(0.125)+1.6(0.600)]16

MU
8

=35.5ft - kips

120
12(8.81)
Ay min = 0.0018(12)(8.81) = 0.19 in¥ft (O.K.); & =0.5879ksi, &, > 0.005, ¢ = 0.90

d=10-0.75-0.875/2=881in.; p= 0.0113

2
= 05012)(8.81)°(0.5879) _ 41.4 ft-kips >355ft-kips (O.K))

M
oM, 12

Prob. 2-12 [3/40] One-way slab analysis, 2 = 8 in., #8@6 in., 4, =1.58 inft, L=12 ft

Slab weight=§%—?(0. 150) = 0.100 k/ft;
d=8-075-1.002=675in;  Agmn=0.0020(12)(6.75)=0.16 in.¥ft (O.K.)

p= 120 _ 0.0195, & =0.6608ksi, & >0.005, ¢ =0.90
12(6.75)
2
oM, = 0.90(12)(6.;725) (0.6608) _ 271t - kips
1.2(0.100)(12)? . 1.6w, I? .
Moy = ( 2 A2 2.16ft-kips, M, ,=———*"—=271-2.16=249ft-kips

From which, wy;, = 0.865 k/ft = 865 psf
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Prob. 2-13  [4/60] One-way slab w/ construction errors.

As designed: #7@11, 4, = 0.65 in./ft, d=8.5- 1 - 0.875/2 = 7.06 in.
Ay min=0.0018(12)(8.50) = 0.18 in¥ft (OK.)

p=—08 00077, F=04306ksi, & >0005, ¢ =090
12(7.06)
2
S = 0.90(12)(7.;)26) (04306) _ 1035 _ips

Asbullt d=85-3.5-0.875/2=4.561n.

p=—38 00119, F=06391ksi, & >0.005, ¢ =090
12(4.56)

_0.90(12)(4.56)*(0.6391)
n 12

oM

=11.96 ft - kips (% Change = -38%)

Prob. 2-14 Design. [3/60] M, =133 ft-kips, b=11% in,, h=23 in.
Est. d=20 in., Assume ¢=0.90.

133(12) 5= 0.3855ksi
0.90(11.5)(20)

Required p = 0.0070 (g, > 0.005, ¢=0.90)
Required 4, = 0.007(11.5)(20) = 1.61in?, 4, . =0.0033(11.5)(20)=0.76in? (OK.)
Select 3#7, one layer (4, =1.80in?, b, =8.5in.)

Calculated d =23-1.5-0.38- 9~§2—7—5~ =20.7in.>20in. (O.K.)

Required k =

Prob. 2-15 Design. [4/60] M, =400 ft-kips, b =16 in., h=28 in.

Est. d =25 in., Assume ¢ = 0.90.

_A0002) __ 4 5333 ksi
0.90(16)(25)
Required p =0.0098 (g, > 0.005, ¢=0.90)

Required 4, = 0.0098(16)(25) =3.92in2, 4, . =0.0033(16)(25)=1.32in? (OK.)

Select 4#9, one layer (4, =4.00in%, b . =12in.)

> Y min

Calculated d =28-1.5-0.38- 1-29- =25.6in.>251n. (O.K.)

Required k=
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Prob. 2-16 (Prob. 2-15 with incorrectly placed steel making d =24 in.)
[4/60] M, = 400 ft-kips, b =16 in.,

d=241in., Assume ¢= 0.90.

4.00
16(24)
smin = 0.0033(16)(24) =1.27 in.?
=0.5667, & >0.005 ¢ =0.90

2
SM = 0.90(16)(1’2;) 0.5667

p= =0.0104

A
k

=392 ft - kips <400 ft - kips (N.G.)

Prob. 2-17 [4/60] L=321t,b=11% in, h=26in.
11.5(26) .
24 (0.150) = 0.312 kip/ft Assume ¢= 0.90

_[1.2(0.85+0.312) +1 6(1.0)](32)*
“ 8
Estimated d = 231n.

383(12)

0.90(11.5)(23)?

Beam weight =

M =383t - kips

Required & = =0.8394ksi (e, >0.005, ¢=0.90)

Required p = 0.0164
Required 4, = 0.0164(11.5)(23) = 4.34in.? A4

Select 3#11 in one layer (4, = 4.68 in.?, by =11 in.)
Calculated d=26-1.5-0.38 - 1.41/2=23.4 in. > 23 in. (O.K.)
Check @M,
468
P = 115023.4)
_0.90(11.5)(23.4)%(0.8838)
¢ 12

=0.0033(11.5)(23) = 0.87in.?

=0.0174, k=0.8838 ksi, (g, >0.005, ¢=0.90)

oM =4171ft-kips > 383ft-kips (O.K)

Prob. 2-18 [5/60] L=301t, b=12 in, /=27 in.

Beam weight = 1227) =0.338 k/ft

Estimated d = 24 in., assume ¢ =0.90
_[1.2(0.338) + 1.6(1.35)30°

Mu
8

= 289 ft - kips
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