Problem 7.1
Determine the soil pressure distribution under the footing.
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Problem 7.2
Determine the soil pressure distribution under the footing. Use a factor of 1.2 for DL and 1.6 for
LL.
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Problem 7.3

The effective soil pressure is 4 kip/ft>. Determine the maximum allowable value
for L.
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Problem 7.4
The allowable soil pressure is g, = 250 KN/m?, v, =18 kN/m®,y_ . =24 kN/m®,
Pp = 1000 kN and P = 1400 KN.
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(a) A square footing (L;= L, =L)
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(b)A rectangular footing with L, = 2.5 m.
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Problem 7.5

A 350 mm x 350 mm column is to be supported on a shallow foundation. Determine the
dimensions (either square or rectangular) for the following conditions. The effective soil pressure

IS Qrecve =180 KN/M?.

(a) The centerline of the column coincides with the centerline of the footing.
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(b) The center line of the column is 0.75meter from the property line.
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(c) The center line of the column is 0.5 meter from the centroid of the footing.
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Problem 7.6

A combined footing supports two square columns: Column A is 14 inches x 14 inches and
carries a dead load of 140 kips and a live load of 220 kips. Column B is 16 inches x 16 inches
and carries a dead load of 260 kips and a live load of 300 kips. The effective soil pressure is

g, = 4.5 k/ft*. Assume the soil pressure distribution is uniform. Determine the footing



dimensions for the following geometric configurations. Establish the shear and moment diagrams
corresponding to the factored loading, P, =1.2 Pp +1.6 P
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Case (b):
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Case (c):
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Problem 7.7

Column A is 350 mm x 350 mm and carries a dead load of 1300 kN and a live load of 450 kN.
Column B is 450 mm x 450 mm and carries a dead load of 1400 kN and a live load of 800 kN.
The combined footing shown below is used to support these columns. Determine the soil
pressure distribution and the shear and bending moment distributions along the longitudinal
direction corresponding to the factored loading, P, =1.2 Pp +1.6 P,.
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Problem 7.8

Dimension a strap footing for the situation shown. The exterior column A is 14 inches x 14
inches and carries a dead load of 160 kips and a live load of 130 kips; the interior column B is 18
inches x 18 inches and carries a dead load of 200 kips and a live load of 187.5 Kips; the distance
between the center lines of the columns is 18 ft. Assume the strap is placed such that it does not
bear directly on the soil. Take the effective soil pressure as g, =4.5 k/ft*. Draw shear and

moment diagrams using a factored load of P, =1.2 Pp +1.6 P
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Problem 7.9
Column A is 350 mm x 350 mm and carries a dead load of 1300 kN and a live load of 450 kN.

Column B is 450 mm x 450 mm and carries a dead load of 1400 kN and a live load of 800 kN.
A strap footing is used to support the columns and the center line of Column A is 0.5 meter from
the property line. Assume the strap is placed such that it does not bear directly on the soil.
Determine the soil pressure distribution and the shear and bending moment distributions along
the longitudinal direction corresponding to the factored loading, P, =1.2 Pp +1.6 P,
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Problem 7.10

An exterior 18 in x18 in column with a total vertical service load of P, = 180 kips and an interior
20 in x20 in column with a total vertical service load of P,= 240 Kips are to be supported at each

column by a pad footing connected by a strap beam. Assume the strap is placed such that it does
not bear directly on the soil.
(a) Determine the dimensionsL,and L, for the pad footings that will result in a uniform

effective soil pressure not exceeding 3 k/ft> under each pad footing. Use ¥ ft increments.
(b) Determine the soil pressure profile under the footings determined in part (a) when an

additional loading, consisting of an uplift force of 80 kips at the exterior column and an
uplift force of 25 kips at the interior column, is applied.
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Problem 8.1
For the concrete retaing wall shown, determine the factors of safety against sliding and
overturning and the base pressure distribution.

75 m
T TR, 1
Tioil = 18 k}ﬂmj
L =5
3m 4 ; 3.5m
xl'rcnnc =24 1@4—;’111
]{ a=11"l3
5m :_ -
Zm
-+
1 1 1
P ==y..H*k ==(18)(3.5%%)=49 kN
a 2Ys0|l a 2( )( ) (3)
M =P Hy=49(32)=57.16 kN-m
overturning 3 3
W, = (24)(0.75)(3)(1) =54 kN
W, = (24)(%)(1.25)(1) =45 kN
W, = (24)(2)(0.5)(1) = 24 kN
N=N=> W, =123 kN
Foux = 4 N =.5(123) = 61.5 kN
s Fue 615 o

“sliding = “p 49
=W, (1.625) + W, (%)(1.25) +W, (1) =149.2 kN-m

resisting
F.S Mresisting _ 149.2 _9
“overturning M _57.16 - <
overturning
M =M —M_umn =92 KN-m
net resisting overtuming

Page 1 of Chapter | 1



M
X = —nb = 748
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2
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Problem 8.2

For the concrete retaing wall shown, determine the factors of safety against sliding and
overturning and the base pressure distribution. Use the Rankine theory for soil pressure
computations.

J5m
T B 1
_ 3
Msoil = 18 KN/m
#o=3 3.5m
3 m ‘I‘rcanc :24 ]:d\]-f'lﬂl3 -
ka=1/3
5m :_ 1
2Zm 1m
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1 1 1
P ==y  H?k ==(18)(3.5)%(%) =49 kN
a 2’YSOI| a 2( )( )(3)

_p, (g) _ 49(3_;3) ~57.16 KN-m

overturning

W, = (24)(0.75)(3)(1) =54 kN
W, = (24)(%)(1.25)(1) =45 kN

W, = (24)(3)(0.5) =36 kN
W, = (18)(3)(1) = 24 kN

N=> W =189 kN
Frex = 4 N'=.5(123) =94.5 kN

F 94.5

M  =314.23 KN-m
resisting
- _ Mg 31423 0
“overtuming M 5716
overturning
M =M =M uming =257 KN-m
net I’ESIStIng overturning

M
X=—"% =136 m
N

625—221.5—1.36:.14 m

{1+E
e

} — 45.4 kN/m’
L

be
L

} =8.1 KN/m?
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Problem 8.3

For the concrete retaining wall shown, determine the factors of safety against sliding and
overturning and the base pressure distribution. Use the Rankine theory for soil pressure

computations

Tsol = 18 1N/
=5
El‘rcnnc :24 k]\UIIlS H

2ft

1 Yot 5K
Vsoil = .12 KA
" ft ¢ =30° ;
Yeonc=-15 K/t

i =3

21 |
3 6ft 4f

Page 4 of Chapter |

ka=1/3 B S

H/3



21t

H/3

P, = % k, v,H? =%(%)(.12)(14)2 =3.92 kip
W, = .15 (2) (12) = 3.6 kip

W, = .15 (%)(4 )12) = 3.6 kip

W, = .15 (2) (13) = 3.9 kip

W, = .12 (4) (12) = 5.76 kip

The normal and horizontal forces are
N =W+ W,+ W,+ W, =16.86 kip

Fo=4N = .5(16.86) = 8.43 kips
Next we compute the factors of safety.

Fs. = fom 843 _, 45
o 3.92

a

M, = Pa(ﬂ) _3.92(%%)-18.24 kit
overtuming 3 3
5, = Wi (B)HW, (2.67)+W, (6.5)+W, (11)
= 3.6 (8)+3.6 (2.67)+3.9(6.5)+5.76(11) = 127.1 k-ft
M
F.S. . — Bresisting — 1271 — 6.97
overturning MB 1824

overturning
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Mo =Ms . —My  =108.86 k-t

Bresisting

o _ Mg, 10886 _

N 16.86

ezk— 229—6.45:.05 ft
2 2

Using the above values, the peak pressures are

N 6e 16.86 6(.05) . o )
=—1+ )= 1+ =1.38 Kip/ft =1.27 Kip/ft
a-t s %= 2Rax LB = g -138 kiplfc g, =127 Kip
PN
\rrsnjl = ]2 kl"lﬁ:a
o =30°

Veomee .15 K/ftS

.-u =.

_/—/,I\——/—F 1.27

th

1.38
Problem 8.4
11t
+—F
1
v oo 3
"rsml =.12 k-"'ﬁ
o =30°
14 ft
Yeone= .15 K/
Ho=5
- ka=1/3
b
4+
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HYey P
F.S. sliding = (m) (EZ) (1+ bz)
— _5(15) (ﬁ) (1+i) = b, =8.33

1/3) (12) ‘14’ © b,
2v (b, V] 1(b, ) b

FS. =i(—2j {1—[—1j +—1}

overturning ka .\ H 2\ b, b,

mYey (b b

F.S. Giding = (K) (Ez) (1+b_l)

2 2
FS. _ :—2('15) [&) 1—l i +i >1.75
overturning - (1/3) (.12)\ 14 2 b2 b2

For b, =8.33

2(.15) [8.33j {1_ l[ij +%}:2.9521.75

F.S. =
overtuming  (1/3) (.12)\ 14 2\833) 8.
Problem 8.5 3 3
Assume: Ysoil= 0.12 k/ft 1 Yconcrete = 0.15 k/ft » M= .5 and @ = 30°
1 f ro.z k/ft 2
L4 1 # é;LfL_{_J
—*
18 ft
¥ IR
4 fi -
it 11.5 fi
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\J/ W4
Pp Ws 2
e
H3 4
1 1 1
P ==y . H*k ==(.12)(22)*(=) =9.68 ki
a ZYSOH a 2( )( ) (3) lp

P =k wH= (%) (2) (22) =1.47

1 , 1 .
P, = > k, v,H? :5(3)(.12)(4)2 =2.88 kip

ZFhorizontal = Pa+ PS - Pp =8.27 klp

overturning

H H 22 22
=P, (z)+P.(=)=9.68 (=) +1.47(=)=87.15

W, = .15 (1) (20.5) = 3.075
W, = .15 (.5) (%) = .77
W, = .15 (b11) (1.5) = 2.475
W, = .12 (6) (20.5) = 14.76
W, = .12 (25) (35) = 1.05

N = > W=22

Fx =N =11

FS. = o133

s B z I:horizontal ) 827

Page 8 of Chapter | 8

H/2



= W, (4.5)+W, (3.83)+W, (5.5)+W, (8)+W, (1.75)+P, (1.33)
= 3.075(4.5)+.768(3.83)+2.475(5.5)+14.76(8)+1.05(1.75)+2.88(L.33) =154 Kip-ft

B

resisting

FS, = b 194 45
overtuming M Bovenuming 87 . 15
M, =M, . =66.85 kip-ft

resisting overturning

Mgy, 6685
N 22

ezk— 222—323.5 ft >£=1.83
2 2 6

2 3(3)
W, S
— -
N 1x
|
Problem 8.6

Allowable soil pressure = 5.0 ksf , v, =12 k/ft®and v, =15 K/t
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24 fi
- Ia ft
(358 (15f S ft |
| | T |
. 13 ft |
I |
H LN Ny
| .
T a
H l W, B
W,
W3 H/3
a J B B

P, = 1k
2

a

v H® =%(é)(.12)(24)2 =11.52 kip

a S

. =Pa(g):11.52(2—;):92.16 Kip-ft

overturning

Page 10 of Chapter | 10



W, = .15 (1) (21) = 3.15 kip

W, = .15 (%)(.5 )21) = .78 kip
W, = 15 (3) (13) = 585 kip
W, = 12 (8) (21) = 20.1kip

N = > W =30 kip
Frx =# N = .5 (30) = 15 kips

F 15

— max

FS, = -me—_ =2
“on P 1152

a

1.3

= W, (4.5)+W, (3.83)+W, (6.5)+W, (9)
= 3.15(4.5)+.78(3.83)+5.85(6.5)+20.1 (9) = 236 Kip-ft

B,

resisting

M
F.S. . — Bresisting — 236 — 2_56
overturning M T 02.16
Mg =Mg_. —Mg  =143.84 kip-ft

% - Mg, :143.84 _ 4.79ft
N 30

e:k— XZE—4.79:1.7 ft
2 2

(s88)_ B
L

)= E(1J_r %;)) = q, =4.12 Kip/ft* q, =0.5 kip/ft
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12.9 kip

39.68 kip-ft Y

2.73

39.68 kip-ft ‘

p =k, yH= (%)(.12)(24) =0.96 kip/ft

. m
+]
K/
' L%

10.08 kip —™? 0.96 70.5 kip-ft
70.5 kip-ft

Problem 8.7
Suggest values for b, andb, . Take the safety factors for sliding and over turning to be equal to 2.

Assume: v, =12 K/ft°, v ..=15K1ft*, p=.57,and ® = 30°

Page 12 of Chapter | 12



0.1 kit

L ITT me
12 fi
¥ IR
m - Izﬂ
| b ift | b, |
[ I [
1 1 1
P, ==v,, H k, ==(12)(16)*(>) =5.12 ki
2 = Voo a 2( X )(3) p

P -k wH-= (%) (1) (16) = 53
1

P, = > k, v.H? =%(3)(.12)(4)2 =2.88 kip

ZFhorizontal = Pa+ Ps - Pp =277

H H 16 16
P () 4+P(2)=5.12 (—2)+.53(—)=31.55

overturning

=.1513) (14) = 6.3

15 (2) (by+b,+3) = .3(b,+b,+3)
12 (b,) (20) = 2.4b,

12 (b)) (2) = 2.4b,

R
o

N = > W, =6.3+.3(b,+b,+3)+2.4b, + 2.4b, =7.2+2.7(b, +b,)
F..=uN = 57 (7.2+2.7(b,+b,)) =4.1+1.54(b,+b,)

s = Fm _41+1540bsb) & b+b,~0935
e Z |:horizontal 2.77
b, =0.935—b,
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= W, (1.5+b, )+ W, (.5b, +.5b,+1.5)+W, (b, +.5b, +3)+W, (2.5)+P, (1.33) =
=6.3(L.5+D,) +.3(b,+b, +3)(.5b, +.5b,+1.5) +16.8(b, +.5b, +3) + 2.4b, (2.5) + 2.88(1.33) =

B,

resisting

=106.4+3.9b,
M
FS. = Cusn _1064+39b, _, b,<0  ..b,=.935ft
s Mg 31.55
Problem 8.8
W
L ITL T 2L 11t 1 %
18 ft
¥ ANIR
= — j;: ft
St 2 i |
[ I [

Determine the minimum value of w at which soil failure occurs (i.e., the soil pressure exceeds
the allowable soil pressure).

=15Kft®, p=.57 and ® = 30°

Assume: qallowable = 5 k/ft21 YsoiI:'lz k/ftg’ YCOHCfetE
TRBAE
PS
E —4
E Pa
“1 B
W’3 H/2
P, “4| - H/3
I—é S W
H73| ) ™
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Py = T Yk, = (12)(22)7() =9.68 kip

P =k, wH= (%) (w,) (22) =7.33 w,

1 N2 1 2 .
Py = 5 Ky 1i(H)* = Z(3)(12)(4)° = 2.8 kip

p

> Froona =Po+ P, — P, =9.68+7.33 w, —2.88=6.88+7.33 w,

H H 22
=P (=)+P.(=)=9.68(—)+7.33 w.(11)=71+80.6 w.
overturning @ (3)+ S(2) (3)+ (1) i °
=.15(2) (20) = 6 Kip
= .15 (2) (14) = 4.2 kip
12 (7) (20) = 16.8 Kip
12 (5) (2) = 1.2 kip

2=
Il

N = > W =282 kip
F_=uN = 57 (28.2) =16 kip

qa=Na -+ 88 <5 82,885 e—3.46 ft
L L 14 14
M M
i — net — net
N 282
L M
6= ——X=7-—"% 346 M =998
2 28.2 net
o = W, (B)FW, (7)+W, (10.5)+W, (2.5)+P, (L.33) =
— 6(6) + 4.2(7) +16.8(10.5) + 1.2(2.5) + 2.88(1.33) = 248.6
M =M —M.._ 99.8 = 248.6— (71+80.6 W)
net TESIStIng overturning S

w, = .96Kip/ft?
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Problem 8.9

PV N

(a)
The answer is case (a).
Problem 8.10
(a) Determine the factor of safety with respect to overturning and sliding.
(b) Identify the tension areas in the stem, toe, and heel and show the reinforcing pattern.

(c) Determine the location of the line of action of the resultant at the base of the footing

2 kip > -
3ft
AKX |
k, =04
soil = U]k]p,u"ﬂ3 10 ft
=38
Veone= -15 kip />
1 28

7 ft II.Sf’[ 351t
| i
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2 kip >
+ KR K
W, W,
Py —>
J' W,
= toe
1 2 1 2 1
P, :Eyson H" k, =§(.l)(12) (.4)=2.88 kip
—p Hyi205) = 2.88(2) + 30 = 41.52 kip-ft
overtuning 2 (E) ( )_ . (E)-’_ o P

W, = (L.5)(13)(3)(.15) = 2.925 kip
W, = (2)(12)(.15) = 3.6 kip
W, = (7)(2)(010)(.1) = 7 kip

Fowe = 14 N =.58(13.525) = 7.84 kip

Fose _ 784 _, 1,

sliding = p 288

a

F.S.

M  =9353 kip-ft
resisting
S Mresisting N 93.53 —295
“overturning M| 4152
overturning

Page 17 of Chapter | 17
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M =52 kip-ft

net resisting overturning

M
X = et —i:3.84

N  13.525
e:%—i ~6-3.84=2.16 ft>%:2ft

2 kip >

P
k,=04
Tsoil = O]k:lp,-"ﬂa

=38

Yeone=-15 Kip /ft>

7 —

3.84 ft
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Problem 9.1

Take E=29,000 ksi and 1= 200 in*.

w=2kip/ft
A‘JIJ.\LJ,\L-JJ..L{.\L&IJ.JiC
? B !%;Il.am
| 20 1t lRB 10 ft |
T T I
| - |
w=2kip/it g
A‘JIJ.J,ﬁL\L\IJ.J,,L-.Ls.IJ.JiC
7 \J\
Ao
OgB
AJ
7 c
1
20 ft 10 ft

1wl 17()(30)'(2)° _
% 243El  243(29000)(200)

3 3 3
R YN M YR
81El  81(29000)(200)

33.78 in

vg=11in

Page 1 of Chapter 9



T ~Ago+Rg dgg =—1in

AB,O _l _ 3378—1
8  0.794

R, = =41.28 kip T

Problem 9.2
Take E=200 GPa and 1=80(10)° mm®*.

15 EN/m

N R S S S S ‘LE
7 .
-T-112mm
R
|

B

L=6m

15 KN/m
O P PO P " J"J‘B

-rJ
3
Agp

| 6m |
| I
A7 B I
T R =1
| 6m |
| I
T ~Ago+Rg 85 =—12 mm
vy =12 mm
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Cwlt 15(6)*(10)°

20 = BEl - 8(200)@0)10° oro MM
Table 3.1
_L* (8o’ m
° 3El  3(200)(80)10°
Ay, —12 _
R, Jeo _151875-12 0 o) 4
8gp 4.5
Problem 9.3
kv= 60 k/in, E=29,000 ksi, 1= 200 in*
1.0 kip/ft
[ P P "N S A P P
A
7 D T B
F{'il'}
I | |
| L |
F{ZD
D
C
1.0 kip/ft

fj,L;;IJ..LsI.-\L-J.J.‘LJ,].‘L.
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y
A = i
7
¥ ;
| 10 ft | 10 ft |
I ! |
17wl 17(1.0)(20)*(12)° .
Do = = =2111in
© 7 384El  384(29000)(200)
3 3 3
8oy = = 0)(2)" __ 1993 in
24E1 24(29000)(200)
A
Foo =——"7 = 211 T =18.19 kip
Opp++—  0.0993+—
Kk, 60
Problem 9.4
L =5m, E =200 GPa, I=170(10)° mm*
@)
P =40kN
w =20KkN/m J
B
A L L b

= 1 &

Tm 25m 25m

Page 4 of Chapter 9



w =20KN/m
PR S S S N

P =40 kN

J

Tm 25m

Ag, =110.49 mm

OgR

.

A'g BT

| 7m |

5m

L (12°@0)°

8BEs = = 6
48EI 48(200)(170)10

A
R, = 58'0 ==110.4 kN T
(b)

=1.059 mm

7m

t

ke

Rg

Page 5 of Chapter 9



5 > (12)°@0)°
®° 48El  48(200)(170)10°

=1.059 mm

Vs _ 8.33

R, = =786 kN T
S 59

(©
I B I

E a=2ﬂmm—[7%5

Rg

| Tm | S5m |

L (12P@0)°

Ogg = = = =1.059 mm
48El  48(200)(170)10

R,=Ye - 20 _ 1589 kN R, =18.89 kN {
8gs  1.059

(d)
P=40kN

Page 6 of Chapter 9



o 35m | 35m 5m |
| I [ [
Fy
ky
9
A30:25.946£: 25.946 4010) ==30.52 mm
' El (200)(170)(10)
3 3 9
Spg = L-_ (12) (10) ==1.059 mm
48El  48(200)(170)(10)
A
F, = Bv°1 = 30'521 =28.15 kN
Ogg +— 1.059+—
Ky 40
(€)
w =20kN/m
Y Y S ' S A
Pr T
F, =
, Jm , 9 m |
I I
)
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w =20kN/m
N T A P

3m Om

TF[:- =1 -
|

3m 9m |
| ! |

_57wl®  57(20)(12)*(10)°

0o = = ==113.16 mm
% 6144El  6144(200)(170)(10)
3 3 9
Opp = - = 3(12) (10) 5 =0.596 mm
256El  256(200)(170)(10)
A
F, = Dv"l = 113'161 =17.97 kN
Opp +—  0.596+—
K, 40

Problem 9.5
I =400 in*, E=29,000 ksi, L=54ft, w=2.1kip/ft, 05 =1.21in

Page 8 of Chapter 9



I ’%ﬁ—[é‘g

B

| L/3

(i) The distributed load shown

w
B
A h
ABD
5BB
A |
> B
R, =1
T —Ago+Rg 85 =0

The deflection terms are given in Chapter 3

4
Ay =L 146 in
' 729 EI
413
= — 386 in
B8 243El

Page 9 of Chapter 9



A
20 110 578 kip 1

R _2B0_
® T 5 0.386

(ii) The support settlement at B

T +R, 8 =—1.2 in
B=_1'2=i'2=—3.1 kip R, =3.1kip
8es  0.386
Problem 9.6
A, =1200 mm?, L=9m, P=40 kN and E =200 GPa.
C
e L
B
e B
A
g Cable 3Ac
4L Lp2 1 2A¢ Cable
L4l Acfcable P
T L I 'rBeam I
L/4 L/4 L2

A | ;
Mo £ %
Conni ik BT S e

R
= Z

/TW Zli/ ‘/%puw//’% ,&'Z&-ﬂ) 7/‘1{%"‘/"7

%ud/éwzl 4 A S (/ 7,(,@_ > f 4‘/72/ CWZ:&{«‘/ .4/44,; Uj Ca

,/D\X{IZ: :”‘4444»1/7 -
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+3Pz iF a;‘ B % %P
el TN ‘%m///“ 7 ]
2 o= dp}o L/" w8 Q g
t//k AB,O 1
= |

s [ Spd= 24
(-t
oo e
& AL R
<§BB 4 24 2
»(}’ AB/U P/Z%' 252 "B
A Lt
P P
Lp#, =12
S T 3/7*./.) 1 LP /LP/Z ! :
nPN : e p "t Gn
7 < = . 2 —_—
‘T‘:;—?) f 35
ﬂ A
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Problem 9.7

e x L

X X
=4h| =—(2)? |=—2
y (L (L) j cos6
(a) Determine the horizontal reaction at B due to the concentrated load.

P

v :
A P 5,18 5
—Soo S e W i

-\ /&
) e
go° a ez C
Vs r - 0 77(
Wi RPN T
R
‘j‘ '. z| ~
T e
l < feal L
e L ,_Ql\ A
4] 7

§ AL’/AJ:'L, ‘
/Y 'é‘/{fuc/f d%/ il /7// A7, 7/ %
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R Jminiie

X._ A/;O 5 ‘_//__ =
= — S td S ay
/ (5}/ J AM/// f(M/ﬁ[c‘mO
ooy
e
E74%
jy
™ =i 7
= SK ==
¥ 7 a L
04;¢Z
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o é; éu
= 45 PL (/—Z) g(; = .7-‘3)/)‘—": G/APZ (/_Z>53—‘(]
FR I

- 3
=
g = pra f == 14 -
& ¥ Z%
ot R el e Sy -3 - / %, Lx gk A
=thPL a Zj*—y . X t¥ }dx %Pa[z =
g
= T
= /PA& /-‘37(1_ asz& “/]
fZ - z R = ~ fzfg
B -2
'[ “L//)PZ& i_?a« /_'('(QT*I'-/%Z]
. ¥ @ ’_i 3 2
- v
] 235 - 5 = =5 =
1£: 1/43/) 4—54'/,{(73& ’L;d"‘;& /_é‘,./ﬁéd
= e o -f’f
{ :é—/-é—/;é/;&+474 *774
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= = ff,@"(?
Bo T T e SR ey 3&7(
% ;2
- A 5
7
g 7 3 a“/é f}_/’/,";i
2 — Z /_/_Z- s
X Z-E— ;Lyq Zd 7‘7,

(b) Utilize the results of part (a) to obtain an analytical expression for the horizontal reaction
due to a distributed loading, w(Xx).

o WyWZM%M

/7~ Q/‘[a)O/Q :L&I/ﬁ)/f :
‘ L= N TR s
Diget wnts xS fludfia-tars 1
= 4

(c) Specialize (b) for a uniform loading, w(x) =w, .
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Awaw l(//\(/“
2 ~/ = _:3 4“/ /,_'
Rl A g 4
Y :fz'/‘)‘%j/‘/ 2 Y
= 2
2 = 5 = L‘/;L o)
5 4 B
~ [Jé ) -Q,,_—f’ +"“"‘7 g N
/7 = % y

(d) Suppose the horizontal support at B is replaced by a member extending from A to B. Repeat
part (a).

Page 16 of Chapter 9



GO S L

/7 A T e
///

/
f : s —~ / ( Y RS,
/ W 4 ﬁl?//‘/ S/ / Z B Z‘(J{ }4/ ’&444— / -

& z
Y l
\/5,&4/)‘ -

(f{’
L
2
* ¢
- [gde +—
E Ll >,
L R
F L, o A
Problem 9.8

Consider the semi-circular arch shown below. Determine the distribution of the axial and shear
forces and the bending moment. The cross section properties are constant.

P

l
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X “Ra X
. bg
P 2
% e
LTRE ey
L p o 3
/ 7
Dy 7 iF

{ & <
. - (o ) ey J(Emé)‘:m(/

X"‘ -7 R F
i B Y
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o G i 7

Problem 9.9
Take A= 20,000 mm?® I= 400(10)° mm* and E = 200 GPa
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Parabolic arch 41

18 m 18 m

Case (a):

15 kKN/m
N N ' P ' S N P I N

M, .. =0(no bending moment)

Deflected shape

Case (b):

Page 20 of Chapter 9

9m



=1101 kN-m

7N\

Deflected shape

Case (c):

180 KN 180 kN
m
4 m
4m
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M, =529 kN-m

Deflected shape
Problem 9.10
Consider the following values for the area of the tension rod AC: 4 in®, 8 in®, 16 in®.
A=30in* 1= 1000in* E= 29,000 ksi _

1 k/ft

{Tmﬁun rod

120 1t
A= 30in*> 1= 1000in* E= 29,000 ksi

Page 22 of Chapter 9
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6.9 kip-ft

A rod =4 in?
Bending moment

¢
84.7 kip . 84.7 ki
A rod =4 in? P

Axial force
3.87 kip-ft

2

Aod =8 in
Bending moment

Page 23 of Chapter 9



2

84.76 kip Aod =8in 84.76 kip
Axial force
2.35 kip-ft

A tod = 16in?

Bending moment

Arod = 16in

Axial force

Problem 9.11
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Parabolic arch

160 it

A= 40in*> 1= 1200in* E= 29,000 ksi

Case(a):
1K/t

R NN S N P A A N AN

160 ft
M, .. =0 (no bending moment)
Case (b):
20 kips 40 kips 40 kips 40 kips 20 kips

A N

40ft 401t 401t 401t

Page 25 of Chapter 9
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Case (c):

Case (d):

M, .. =130 kip-ft

10 kips 20 kips 20 kips 20 kips 20 kips 20 kips 20 KIPS 20 kips 10 kips

HREREEEE

0%t 2o 20ft, 20ft 20ft
[ ! [

204t 20ft , 20ff
f I f [

M, =43.3 kip-ft
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10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
kips 1dps Lips kips kipskips kips kips kips kips kips kips kips kips laps

IEEEEERTERERER R R E

10 10 10 ,10,10,10,10,10 10 10 10 10 10 1010 10
f I I I | | T | | T | I T 1 [ I
160 ft

M_ =10.9 kip-ft

Problem 9.12
Determine the horizontal reaction at support D.
. 1 kip/ft 1 kip/ft :
21'%1]]: P 5 O 2kip B
B 21 21
20 fi i I = I I +
_ D A D
A8 2 2, A A
| 321t I
| I
. P .
(See Figure 9.38) Hp, = > =1 Kip «
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h 11

(See example 9.15)

20 ft

Problem 9.13

Page 28 of Chapter 9

r=-=2—-— r=-1=

| Lo
16 “h 20
w1 (32 1
©12h 21 12(20) 1,25
1+ 3t 3 (4)

C

L

Ho =Hp, +Hp, =-1+2.33=1.33 kip <

2 kip 1 kip/ft
» M T S
B 21
I I
D i
AR P
| 32 ft

= 2.33 kip «



Considerh=2m, 4 m, 6 m.
15 KN/m

R,

—rl 1 &—

: H X X'\; i—‘
0<x <9 M, (%) =101.25 x, ~7.5 x? SM(x,) = gﬁh+6
0<x, <9 M, (x,) =101.25 x, SM(x,) = ;—;+6
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1 17 X, 17 X
Ano=— M, M dS=—|[(101.25 X —7.5 X*)(—=+6) dx, +— [ (101.25 X,)(=%=+6) dx
o0 =51 Mo 1] 00125 % 7.5 X0)(G+6) dx + 2 [ 10125 x)(Gr+6) dx,

1 2 1% % o LE X | o
Ogg =— (M) dS=—|(=—=+6)" dx,+— | (=—=+6)" dx
o EIS( ) TR EI!).(Qh &
Then Hy = ——=22
BB
0.0676(10)° forh=2m —0.00263(10)°
ElA,, =10.0847(10)° for h =4m ElS,, =1-0.00357(10)°
0.1067(10)° for h =6m —0.0049(10)°
25.7 KN« forh=2m
H; =123.7kN  « forh=4m
2178 KN  « forh=6m

154 kKN-m

1422 KN-m <5

Page 30 of Chapter 9
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130.7 kKN-m £ ™ 130.7 kKN-m

Problem 9.14
Determine the peak positive and negative moments as a function of h. Consider h = 10 ft, 20 ft,
30 ft.

1.2 kip/ft
L L [ It L &
T C
B 21
4 A Eoror D
50 fi |
I

See equation (9.51) and Figure 9.49

Mz
w -
N P P A S ! +
+ B C B -
I, E
- Mg,
h -
L L
A
| e T e Maz
L

A
|
I
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w1 1.2(50)> 1 250
Vet T1 Wi 12 g Ly
Tor 225 50
2
ME=W$‘ 1-% 1r —375|1- 2h
9 31+ —
o A+ep)
208 kip-ft for h =10ft
M™ . = Mg, =1178.6 kip-ft for h = 20ft
156.2 kip-ft for h = 30ft
166.6 Kip-ft for h =10ft
M* =M, ={196.4 kip-ft for h = 20ft
218.7 kip-ft for h = 30ft
Problem 9.15

Using a Computer software system, determine the bending moment distribution and deflected
shape due to the loading shown.

40 ft e ~
I1 I;_j ft Py f’[I I1
L

A5t eS| 65t 15
I

Take 1, =1000 in*, 1, =2000 in* , E=29,000 ksi and A=20 in* all members
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2891

Problem 9.16
Take E=200 GPa, | =400(10)° mm*, A=100000 mm* and A, =1200 mm?, 2400 mm?, 4800

mm?. Use a Computer software system.
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om I

om I
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163.9 kN-m

261.6 kKN-m 261.6 kKN-m

97.74 mm

(a)
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om I

67.6 kN-m

61.2 kN-m

(b)

4
AL =1200 mm
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79.4 kN-m

51 kKN-m 51 kN-m

(b)

85.7 kN-m

45.6 kN-m

45.6 kN-m

(b)
4
Ao =48 00 mm

97.74 mm

Page 37 of Chapter 9



9.6 mm

(b)
4
AL =1200 mm

B

5.1 mm

(b)

2.75 mm

(b)
4
As =48 00 mm
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Problem 9.17

Both cases (a) and (b) will are rigid frames and will have large horizontal displacements and will
behave the same. In case (b) the added member will not carry any load. In case (c) the diagonal
member changes the behavior. The frame will behave like a truss. All the members only carry
axial forces and lateral movement will be very small.

Case (a):
20 fi
12 kips
i0ft
Case (b):
20 ft
12 kips
-+ —
30 ft

80 ft

80 ft
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Problem 9.18

E= 29,000 ksi, A=1 in? all members

10 ft

member | L, in F 8F FSFL | 8F*L | R, +X,dF
ab 14.14(12) | -3.53 | -.707 | 423.47 |84.81 | 4.62

bc 14.14(12) | -17.67 | -.707 | 2119.75 | 84.81 | -9.51

cd 10(12) 125 |5 750 30 6.73

da 10(12) 125 |5 750 30 6.73

bd 10(12) |0 1 0 120 | -1153

Page 40 of Chapter 9
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L 4043

A =3YF F—=—""-0.139
w0=2F AE 29000
L 3496
§. =3 (8F) — =22 -0.012
n=2( )AE 29000
A
A+ 8, X, =0 — Xlz—i’z—@z—n.ﬁ
* S, 0.012

Knowing the value of X, we determine the member forces and reactions by using superposition.
Member forces are listed below.

Problem 9.19
Assume the vertical reaction at d as the force redundant.

E= 200 GPa, A= 660 mm? all members, a= 12x10°%/ °C , AT=10°C
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4m

4m im

AT
AT

2

member | L, mm | &F €emp= @ ATL | OF € SF?L | X,dF
ab 5657 | -.606 | 0.67884 -4073 | 2077.4 | -6.9
bc 5657 | -.714 | 0.67884 -4819 | 2883.9]|-8.1
cd 3000 428 |0 0 5495 | 4.8
da 4000 |.428 |0 0 7327 |48
bd 4000 1 0 0 4000 11.4

> €y OF =—0.889 > L (8F)" =10243.5

Alg = Cimp OF =0.889

temp

> L _ 102435

8, = = —— "= —0.0776
u =2, (5F) AE  660(200)

A
o _ 0889 .,

Ay + 8, X, =0 N X, =— ==
11 :

Knowing the value of X,, we determine the member forces and reactions by using superposition.

Member forces are listed below.
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4.8 ’i 4.8 :
4.9 ? l ? 05

11.4
Problem 9.20
E=29,000 ksi and A=1 in? all members.
6 kip
10 kip ]

12 ft
member | L,in | F OF | 8F°L | R 8FL | R, +X, dF
ab 12(12) [ 0 -8 9216 |0 7.6
bc 9(12) |-10 -6 | 38.88 | 648 -4.3
cd 12(12) | -19.33 | -.8 |92.16 |2226.8 |-11.7
da 9(12) |0 -6 3288 |0 5.7
ac 15(12) | 16.66 |1 180 2998.8 | 7.2
bd 15(12) | 0 1 [180 |0 95

D SF’L=616 > F, 8FL=58736
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A=Y F 8F L _ 58736 005

AE  2900(1)
L 616
8= D (3F) == =0.0212
1= 2,(3F) AE ~ 2900(1)
A
A1,0+ 811 X, =0 - Xlz—ﬁ:__'2025__9 5

8, 0212

Knowing the value of X,, we determine the member forces and reactions by using superposition.
Member forces are listed below.

10 kip e

10 €+ @

13.33 ), ; 19.33

Problem 9.21
A =A,=A,=A,=10in’, A,=5in?, a= 6.5x10°/ °F , AT= 60°, E= 29,000 ksi

Tl[]ldp

1 b s 10kp

16 ft 161
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member | L, in L/AE €em= | Fo 8F | €mp OF | K, 6FL ( SF)Z L | R+X,dF
@ ATL AE AE

ab 28.84(12) | 0.001193 | 0.13497 | 12 | -1.8 |-2429 |[-.0257 [.00386 |-19.1
bc 28.84(12) | 0.001193 | 0.13497 | -6 | -1.8 [-2429 [.0128 [.00386 |-37.1
cd 20(12) | 0.000827 [ 0.0936 |4.16|25 |0 0086 |.00516 |47.3
da 20(12) ] 0.000827 [ 0.0936 |4.16|25 |0 0086 |.00516 | 47.3
bd 12(12) [ 0.000993 | 0.05616 |5 |3 0 0148 |.00893 |56.8

A=), FO:EL + D € OF =.019-0.485=-0.466

SF)’L
811:2%:0.027
A
Ao+ 8, X, =0 — x1=—ﬁ=%=17.26
| 5, 0.027

Knowing the value of X, we determine the member forces and reactions by using superposition.

Member forces are listed below.
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Problem 9.22
Assume the force in member ac and the reaction at support f as force redundants.

A=1000 mm? and E=200 GPa for all the members
40 kN

J c g

i — b-

> 30kN

4 m
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40 kN

15 c 30 d 30KN 0375 c 0 d
b y —> b '
20 25 0.625 -0.625
- - 25
20 0 0.5 0.5
30 ¢ :
~t a © €
B 30 15 - 9 N G
20 ? 20 ? 0.5 ? 1 ? 0.5
F S,

member | L,mm | R, | 8F | 8F, | R SEL | K 8K L | BE)*L | (BE,)*L | 8F 8F, L
ab 4000 -20 | -5 -.8 | 40000 64000 1000 2560 1000
bc 3000 15 |-.375| -6 |-16875 -27000 422 1080 675
cd 3000 30 |0 0 0 0 0 0 0
de 4000 0 0 0 0 0 0 0 0
ef 3000 15 [.375 |0 16875 0 422 0 0
fa 3000 30 |0 -6 |0 -54000 |0 1080 0
bf 5000 -251.625 |1 78125 -125000 | 1953 5000 3125
ac 5000 0 0 1 0 0 0 5000 0
cf 4000 20 | 5 -.8 | 40000 -64000 | 1000 2560 -1000
ce 5000 -251-625|0 -78125 0 1953 0 0

> R3EL =80000

> (BE)’L =6750
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> (3F,)’L =17280

> 3F, 8F,L =3800




A :ZFOSFlL __80000 _ , A :ZFOSFZL _ 206000 _ 1,03 mm
10 EA 200(1000) 20 EA 200(1000)

2 2
811=Z(éiFl) L _ 6750 _ 0.03375 622=Z(51?2) L 17280 0.0864

EA  200(1000) EA  2001000)

5 s _ZSFISFZL 3800
v EA 200(1000)

> 30 kN

621

f e
a
X | '

1}
X1=1
oF, oF,
A+ 8, X +6, X, =0 X, =-21.2 kN
=
Ao+ 8y X +06, X, =0 X, =16.58 kN

Knowing the value of X, andX,, we determine the member forces and reactions by using
superposition.
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member | F | 8F | OF, | F,+ X, 8E +X, JF,
ab 20-5 |-8 |-22.67
bc 15 |-375|-6 |13.0
cd 30 |0 0 |30

de 0 |0 0 |0

ef 15 {375 |0 |7

fa 30 |0 -6 |20

bf 251.625 |1 | -21.67
ac 0 |0 1 |16.58
cf 20 | .5 -8 |-3.86
ce -251-625|0 -11.75

Member forces are listed below.

40 kKN
\l 13 c 30 d
b » 30 kN
-21.67
-11.75 0
-22.67 \ ™~
- 3.86
16.58 f o
0KN €« 2
20 3 7 ;
9.41{1‘4’* $ *9.4]{1@
21.2 kN
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Problem 10.1
Take E = 200 GPa and A =2000 mm?

3Im
4 1
| 3m 5.196 m
I I
(@) A =ZA
AE _ (2000)200 _94.98 kN
L, 3v2(1000) mm
AE _ (1000)200 _ 66.67 kN
L, 3(1000) mm
AE _ (2000)200 _ 66.67 kN
L,  6(1000) mm
Foy = —Ecos45 u, + Esin45 v, =66.67u, +66.67v,
Ll 1
Fo = AE Vv, =66.67v,
LZ
Fo = - Ecos30 u, + Esin30 v, =-57.73u, +33.33v,
L L,

3



2 3 45 kN
45 30
F(1) \ F®
F(2)
D F=0-> — Fyyc0s45 + F,c0s30 + 45=0
>F =01 — Fysind5 — F, —F,sin30 + 90=0
U

0.707 F,) — 0.86 F; = 45
0.707 Fy) + Fp+ 05F, = 90

U

0.707 (66.67u, +66.67v,) — 0.86 (-57.73u, +33.33v,) = 45
0.707 (66.67u,+66.67v,) + 66.67v,+ 0.5 (~57.73u,+33.33v,) = 90

U
96.78 u, +18.47 v, =45 u, =0.342 mm —»
=
18.27 u, +130.47 v, =90 v, =0.645 mm T

Next, we substitute foru, andv, to determine member forces
F, =66.67u, +66.67v, =65.8 kN

F, =66.67v, =43 kN
Fe =—57.73u, +33.33v, =1.75 kN



(b) A, = 2A
AE _ (20000200 _ o, o KN

L, 3J2@000) =~ mm
AE _ (4000)200 _ 266.67 kN
L, 3(1000) mm
AE _ (2000)200 _66.67 kN
L, 6(1000) mm
Foy = Ecos45 u,+ Esin45 v, =66.67u, +66.67v,
1 Ll
AE
Fp =—— Vv, =266.67v,

2

F.,= - E00530 u, + %sinBO v, =-57.73u, +33.33v,

©)
3 3

90 kN
A

2 > 45 kN
45 30

F(1) v F®

F@)
SF=0- 0.707 F,, — 0.86 F, = 45

>F =01 0.707 Fyy, + Fyp+ 05F, = 90

U
96.78 u, +18.47 v, =45 u, =0.417 mm —
=
18.27 u, +330.47 v, =90 v, =0.25 mm T

Next, we substitute foru, andv, to determine member forces
Fy =66.67u, +66.67v, = 44.47 kN

F,, = 266.67v, = 66.67 kN

Fs =—57.73u, +33.33v, =-15.74 kN



(c) Results based on computer based analysis listed below

F., =65.62 kN
1 u, =0.342 mm —
For A, =-A <F, =42.79 kN
2 v, =0.642 mm T
Fs = 1.62 kN
D000
45.00
FX 6.562E+0
N
FX 4.279E+01
F.,, =44.37 kN
u, =0.416 mm—
For A, = 2A F,, =66.48 kN
v, =0.249 mm T
Fe = -15.73 kN



90.00
A

45.00

FX 4.438E+0

FX -1.573E+Q1

FX 6.648E+0

Problem 10.2
Take A=0.1in*, A =0.4in?, and E=29,000 ksi.

10 ft

201t

Lad

cos0 =0.6 sin = 0.8



AE _AE _ (0.1)29000 967 kip AE _ (0.4)29000 _96.67

L, L, 25(12) "~ in L, 10(12)

(a) The loading shown

Fo) ZECOSG u, +£sin6 V,=58u,+7.74 v,
L, L,
Fo) __AE Vv, =-96.67 v,
2
Fo = - Ecose u, + Esine V,==5.8 u,+7.74 v,
3 L3
F)
A
- 6 kip:
B /O
F) FG3
10 kip &)
D F=0-> -0.6 Fyy+ 0.6 Ry +6=0
d>F =0T ~0.8 Fyy+ F, —0.8 F; +10=0
U
6.96 u, =6 u, =0.862 in —
=
109 v, =10 v, =0.092 in T

Next, we substitute foru, andv, to determine the member forces

Fy=58Uu,+7.74 v, =5.7 kip
F, =-96.67 v, =—8.89 kip
Fo=-58u,+7.74 v, =— 4.3 kip

(b) Support #1 moves as follows: u :%inch — and v :%inch )

kip

in



zﬁcose u, +£sin6 V,=58u,+7.74 v,

Fo)
1 1
A E 1 1
F,=—" (v, -=)=-96.67 (v, —=
) L2 ( 2 2) ( 2 2)
F(S) = - ECOSG u, + Esin@ V,==58u,+7.74 v,
3 L3
F(2)
F()
ZFX =0 Fo =Fa = u, =0

> F =0T 0.8 (Fy +Fy)—F, =0
0.8 (15.48 v,)+96.67 (v, —%) =0 = v, =0443inT
Fuy = Fg =3.4 kip
F, =55 Kip

For the following beams and frames defined in Problems 10.3- 10.18, determine the
member end moments using the slope-deflection equations.

Problem 10.3
Assume E=29,000 ksi, I =200 in*, L=30 ft, v, =.6 in{ andw =1.2 kip/ft.

W

11 L I J 1B

Ten
™

=
Lo
—
—
- |
]




El El

Let kmemberAB = f =2k kmemberBC = Z
Vo — V
Pag = — L ~=0
ve— vy 06 1

Pec = T T60(12) 1200

k=ol J29000200) 1 _ 7y 5 pins1

2L 2(30) (144)

Q0 ld‘[]-ﬁ 1.2 lﬂpf"f'[ 90 kj‘[]-f'[
C j=| I 1 T 1 Jp
N
/A g N
18 kip ? 18 kip
| 30 ft |

The slope-deflection equations take the form:
My = 4k { 05} + 90

Mg, = 4k {20, | =90

Mgc = 2K {293 - 3( VCZ_LVB )}:21( {265 B 3pBC}

V~—V,
Mg = 2K {OB - 3( C2L B)}:zk {eB - 3psc}

Enforce moment equilibrium at node B:

Mg + Mg =0
U
8KO, —90+2k {20, - 3pg. =0
U
12k0, — 6k pye =90
U
1
90+6(671.3)(———)
0, = 1200° _ .01076 rad
12(671.3)

counterclockwise



The corresponding end moments are:
M, = 4(671.3) { 0.01076} + 90=118.89 kip-ft

Mg, = 4(671.3) {2(0.01076) } —90=-32.21 kip-ft

1 .
Mg, =2(671.3) 12(0.01076) - 3(-——) r =32.25 kip-ft
1o = 2067139 {2001076) - 36 c0)} =325 ki

1 .
M =2(671.3) 10.01076 - 3(-———) y =17.80 kip-ft
=267 | e 1780 o

Problem 10.4
Assume E= 200 GPa, I, =80(10)° mm* andL, =6 m.

El El
(a) Let kmemberAB = L_z2 =k kmember BC — L_22 =k
45 kN
22 kN/m
B | ,
A4 [ P N N ze
A
L> 2 )
| < | 2 I 2
| | ' !
2 2
M, = 22(6) =66 kN-m M, =— 22(6) =—-66 kN-m
12 12
ME. =%(6)=33.75 KN-m Mgg :—%(ED:—S&?S KN-m
The slope-deflection equations take the form:
M,z =2k 0, +66
Mg, =4k 05 —66
Mg, =4k 05 +33.75
Mg =2k 6, —33.75
Enforce moment equilibrium at node B:
Mga + Mg =0 4k 0, —66+4k 05 +33.75=0 = k0, =4.03

9



The corresponding end moments are:

M.,.; = 2K 0, + 66 = 74.06 kN-m
Mg, =4k 0, —66= -49.9 kN-m

Mg, =4k 0, +33.75= 49.9 kN-m
Mg =2k 0, —33.75= —25.7 kN-m

E(2I El
(b) Let kmemberAB = % =2k kmember BC — L_2 =k
2 2
45 kN
22 kKN/m
B | ..
A4 [ A P " I j c
g 21, BE I, g
L> Lo
L> ) -
I - | 2 | 2
| | ' |
The slope-deflection equations take the form:
M,z =4k 0, +66
Mg, =8k 6, —66
Mg =4k 0, +33.75
M =2k 6, —33.75
Enforce moment equilibrium at node B:
Mg, +Mg. =0 8k 05 —66+4k 05 +33.75=0 = k0, =2.68

The corresponding end moments are:
M,z =4k 0, +66=76.7 kKN-m

M, =8K 0, — 66 =—44.5 kN-m

10



Mg = 4K 0, +33.75=44.5 kN-m
Mg = 2K 6, —33.75=-28.4 kN-m

E(2L,) El
c) Let k = ——22 —k k - —2_k
( ) member AB (2L2) member BC L2
45 kN
(L L I J L ] J JB l ’
A  C
4 21, 1 g
L> L»
2L ) =
| = | 2 | 2
| | ' I
2 2
MY, = 2212)° =264 kN-m M, =— 22(12) =—-264 kN-m
12 12
Mgc :—45(6) =33.75 kN-m MEB = ——45(6) =-33.75 kKN-m
8 8
The slope-deflection equations take the form:
M, = 2K 0, +264
Mg, =4k 6, —264
Mg =4k 0, +33.75
Mg, =2k 0, —33.75
Enforce moment equilibrium at node B:
Mga + Mg, =0 4k 0, —264+4k 0, +33.75=0 = k0, =28.78

The corresponding end moments are:

M, = 2k 0, +264 =321.5 kN-m
Mg, =4k 6, —264= -148.9 kN-m

Mg, =4k 0, +33.75= 148.9 kN-m
Mg =2k 6, —33.75= 23.8 kN-m

11



Problem 10.5
E=29,000 ksi and =300 in*, L=20 ft

. 10 kips
1.5kt l 0.5 /it
P Y N O A AN N A A
A J 1
9 1 *r. I ¥r. | D
20 fi B 104 wf ¢ 1o
| | | |
Let kmember AB — kmember BC — E = k
L
2 2
Mig = 15(20) =50 kip-ft ME, = —1'5$0) =-50 Kip-ft
ME. :&820):25 Kip-ft MEB:—M:—ZS Kip-ft
The slope-deflection equations take the form:
M,z =2k 05 +50
Mg, =4k 05 —50
Mg =2k (265 +6.)+25
Mg = 2K (05 +20,)—25
Enforce moment equilibrium at nodes B and C:
M +25=0 2k (05 +20,)—-25+25=0 = 20, =—04
Mga + Mg, =0 4k 0, —50+2k (205 +0,)+25=0 = 8k 05 +2k0. =25
25 25
kO, =— k0.=——
S 14

The corresponding end moments are:
M,z =2k 05 +50=57.1 kip-ft

Mg, =4k 0, —50 =—-35.7 kip-ft
Mg = 2K (20, +0)+25=35.7 kip-ft
Mg = 2K (0, +20)—25 =25 kip-fi

12



Problem 10.6
E= 200 GPa, | =80(10)°® mm*, P=45kN, h=3mand L=9 m.

135 KN-m
KN C
vor. 9
5 m |
| [

The slope-deflection equations take the form:

Om

MAB =0

3El
MBAmodified :L_{BB}
M= 0

3ElI
Macmodified = L_ {GB }

Enforce moment equilibrium at node B:

135 kKN-m

2

MBAC %)MBC

M BAmodified T M BCmodified 135

U

OBl vo,1 =135
U

%GB =225

The corresponding end moments are:

Mg, =67.5 kKN-m counterclockwise
Mgy =67.5 kN-m counterclockwise

13



Problem 10.7

E=29,000 ksi, 1=200 in*, L=18 ft, andw =1.2 k/ft.

W

A Bl 1 I J L T J JcC D
1
L I 7%!’7 | 7% x

L | 2L |

Because of symmetry 6, =—6, and 6, =—6_

Let k= — El
El El
member BC I =05k kmemberAB = kmemberCD = T =k
129.6 kip-ft 1.2 ldpff'[ 129.6 kip-ft
2].61dp-1: *2]61«:11]
36 ft

| T
The slope-deflection equations take the form:
Mygp=0

Maamodifies = Maa modified 3k {GB}

Mg = k {205+ 0. } + Mg =k {205— 05 }+129.6=k 0, +129.6
Mg = — Mg

Enforce moment equilibrium at node B:

14



MBAmodified + MBC =0

U

4k0, +129.6 =0
U

ko, =—32.4

The corresponding end moments are:

Mg, =3k 0, =-97.2 = Mg, =97.2 kip-ft clockwise
M. =k 65 +129.6 =97.2 kip-ft counterclockwise
Because of symmetry
M =— Mg, =97.2 Kip-ft clockwise
Mcp =—Mg, =97.2 kip-ft counterclockwise
Problem 10.8
Assume E= 200 GPaand | =80(10)° mm*
sovm P 30 KN/m
m \L H\\h‘,\vl\n‘\;
A2 4
7 I ’r. I vex. I .
B C
12m | O m | Om | 12m |
El El
Let kmember AB — kmember co — E =1.5k kmember BC — E =k
2 2
M, =2042D° 144 kNem ME, = —30(2102) =216 kN-m
ME, _ U8 _ 10125 kn-m ME, =—@=—101.25 kN-m
2 2
M, = 30d2)” _ 216 KN-m ML, = R —144 KN-m

Because of symmetry 0, =—6., My. =—M,

15



The slope-deflection equations take the form:
M, =M, =2(1.5K) 0, +144

M,, = -M,, = 4(1.5k) 0, —216
M. =—Mg = 2k (20, +0,)+101.25 =2k 0, +101.25

Enforce moment equilibrium at either node B or C:

Mg, +Mg. =0 4(1.5K) 0, —216+2k 0, +101.25=0 k 0, =14.34

The corresponding end moments are:
M, =My = 2(1.5K) 0, +144 =187 kN-m

Mg, = —Mgy = 4(1.5k) 6, —216 =—129.9 kN-m
My =—Mq, =2k 6, +101.25=129.9 kN-m

Problem 10.9
E=29,000 ksi, 1 =400 in*.
1.2 k/ft l
A N N ,
[ o
D
< *r I B I g
. 1oft | 10ft B 30 ft C oo, 9ft
| | | 1 ' |
El 3 El El 5
Let kmember AB — (2_0) = E k kmember BC — % =k member CD — (E) = g Kk
20 kip 16 ki
50 kip- SOKip-ft o ¢ . P |
D f:L l P 90 kip-ft 1.2 kip/ft 90 kip-ft 36 kzip-ftL J 36 kip-ft
C ' \ D C RN | D C y D
?B c ? ’ \ ’'B \
10 ki - , . .
P‘i 20 f Ilﬂlﬂp 18 kip * s ?1314113 8 kip a ?sz
|

Tt

16



The slope-deflection equations take the form:

M, =0

Men modifies = 3(§k) {GB}—75
Mgc = 2k {205+ 0. } + 90
Mes = 2K {65+ 20} — 90
M, = 2(§k) {20} + 36

M, = 2(§k) {0} - 36

Enforce moment equilibrium at nodes B and C:
Mgn + Mg, =0
M +M, =0

U

3(§k) {0575+ 2k {205+ 0. } + 90=0

2k {05+ 20} — 90 + 2(§k) {20} + 36=0

U
8.5k 0, + 2k B, =— 15
2k 0, + 10.667k 0 =+ 54

U
k 0= —3.08 k 0. =+ 5.64

The corresponding end moments are:
My =0

Mg, = 3(§k) {05} —75=—88.9 kip-ft

2k {205+ 0. } + 90 = 88.9 kip-ft

o)
(@]

2k {05+ 20| — 90= - 73.6 kip-ft

(@]
o)

< £ £
I

o = 2(§k) {20} + 36="73.6 kip-ft

o Z(gk) {0c} - 36=—17.2 kip-ft

<
I



Problem 10.10
Assume E= 200 GPa, and 1 =100(10)® mm*.

Q0 kN 45 kN
A 30 kN/m

_ | A PR PR "R A N

A 1

3 I *r. I a1 -

B C

| 6m | 3dm 9 m , sm

LEt kmember AB — kmember BC — E = k
L
2 2
Mme, = 2O _ 66 knm ME, =—W=—1zo kN-m
2
Mg, = 3009) =202.5 kN-m Mg, = _10(20) =-202.5 kN-m
12 8

The slope-deflection equations take the form:
M,z =2k 05 +60
Mg, =4k 6, —120
Mg =2k (265 +6.)+202.5
Mg = 2K (8 +20,)—202.5
Enforce moment equilibrium at nodes B and C:
M. +135=0 2k (05 +260,)—202.5+135=0 = k (05 +260.)=33.75
Mg, +Mg. =0 4k 05 —120+2k (20, +0,)+202.5=0 = 8k 0 +2k0, =—82.5

k6, =-16.6 k6. =25.18
The corresponding end moments are:

M, =2k 0, +60=126.8 kN-m
Mg, =4k 6, —120 =—186.4 kN-m

18



My = 2K (20, +6,)+202.5 =186.4 kN-m
Mg = 2K (8, +26,)—202.5 =—135 kN-m

Problem 10.11
Assume E = 29,000ksi and 1 =100 in*.

12 kip-ft
A C c
%’ 41 B 11 "év N
I
Dé, e
| 20 1t | 20 ft |
[ T
E(4l El El
Let  Kpg=Kgc= %) “ 5 2k K 80 modifies = E:k

The modified slope-deflection equations take the form:

MBA modified — MBC modified — 3(2k) eB
MBD modified — 3(k) 95

Enforce moment equilibrium at node B:
I\/lBA modified + I\/IBC modified + I\/lBD modified +12 = 0

U

3(2K) 0, +3(2K) 0, +3(k) 0, =12
U
ko, =-0.8

The corresponding end moments are:

MBA modified — MBC modified — 3(2k) GB =—4.8 kip-ft
Meo modified = 3(k) 0y =—2.4 kip-ft

19
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Problem 10.12
Assume E =200 GPa,l_=120(10)° mm*, L=8 m, h=4 m and P=50 kN.

(@ I, =1,
(b) 1, =1.5I,

h
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P l’}‘v
S
Gptoe = i
G ET,
e B g )
ZOsz-ﬁ Z '1;Tﬁ\+€/9 —-— =0
A S
(- - S 7 ™ e
7’ TH = .o Sl s
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A 1 o e 3\
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(@) 1, =1,=120(10)° mm* 1_=120(10)° mm*
0, =
MAD:
0; =
MAB:
VB_

(b) 1, =120(10)° mm*, 1, =1.51_=180(10)° mm*
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Problem 10.13
Assume E = 29,000ksi and | =200 in*.

10 kips

- : é,

12 f

For no axial deformation, bending moment is zero throughout the structure.

Problem 10.14
Assume E =200 GPa, and | =80(10)° mm®*.

4SRN
' . o

4 m
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Problem 10.15
=600 in*
A=6in’

E =29,000 k/in?

25



9 kips

10 ft I

10 ft

Problem 10.16
Assume E =200 GPa, and | =120(10)° mm*.
Neglecting axial deformation.

H.=H, =225, 0, =6,

45 kKN A B
! 21
I I
C -7 77D
| 24 m
i i
El E(21
kAC =E=2k kBC =%=k

Me, = 4k (0, +3p)
M, =4k (20, +3p)
M s =2K (20, +0.)=6k 0,

M, =M, =-50.6 kN-m
M, =M., =50.6 kN-m
Mca =My, =84.4 kN-m

26
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Problem 10.17
Assume E = 29,000ksi and | =200 in*.

. 10kips
7 : é,
12 fi I
| 6ft| 10 ft |

For no axial deformation, bending moment is zero throughout the structure.

Problem 10.18
Assume E =200 GPa, and | =80(10)° mm"*.

30 kKN/m
A " T " A
: 1
3m I
21 4m
T
=
dm

27
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Problem 10.19
Assume E = 29,000ksi and | =200 in*.

W\
1
~0| o
|
i
B (WA}
n
o
mn

1 K/t
bJ:l:lZl:Ec
21
20 ft I 21
37;7 d
o 10/t
I
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2.18 in

Deflection profile

18.5 kip-ft
94 kip-ft

Moment Diagram

For the following beams and frames defined in Problems 10.20- 10.34, determine the
member end moments using moment distribution.

Problem 10.20
E = 29,000 ksi, I =300 in*

TR

30



_ 2(45)*

F - ip- 10(60 . . 2 .
M e 15kipft e 1000 _ogpin g we, =204 168 75 ip-fi
P _ 20457 io-ft MF_. =— 75 Kip-ft MF. = — 168.75 kip-ft
M, =— 20 =— 202.5 kip-ft cB =" Ip- oc =— 168.75 Kip-
DF,. =DF,, =0
| | | 71
Z:|_ - (45) (60)_180
il
At joints B or C<DF,, =DF,, = %:g
180
4 3
DF.,=DF,.=1- —==
CB BC 7 7
Case(a):
. 10 kip
2 kip/ft 1.0 kip/ft
Ao 4
7 I yor. I Yoy I g
| 45ft .30 30 ft 451
DE's 4/7| 3/7 3/7 | 417
FEM's | 135 -202.5| 75 75 |168.75 -168.75
-20.08 - -40.18 | -53.42 — -26.71
42.16 «— 84.33| 63.25 — 31.62
6.77 - -13.55 |-18 — -9
193 - 3.86 |29 — 1.45
.31 - 62 |-82 =  -41
18 | .13
S M
— 179.1 -114.1 114.1 -06.3 06.4 -204.9

31



Case (b):

MFAB o — MFBA w _ 6EI283 _ 6(290002)(30(:)3)(5) _ 745 klp_ft
' T (45)2(12)
MFBC set. = MFCB set. - 6(290002)(30(35)(5) = 419 klp_ﬂ
(60)°(12)
E B C y,
A ot _5: D
I T I yor. I
GB
| 45ft o 30f 3% 45ft |
[ | [ | [
e A7) 307 3/7 | 47
FEM's | 7.45 =45 | -4.19 -4.19
9 - 1.8 | 239 _.  1.19
-1.19 =— -2.38 | -1.78 S -.80
.19 - 38 | .5 — 25
-05 -  -11/|-.08
M
L 6.2 496 -4.03 290 2.80 1.44
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10kips

2 Wt |
1.0 Wit
,,f’;/m B CI T

AN N

o
Az .'a/' D
ul ; I I g
S v5r. r
| 45ft . of 308 45t |
| T I | |
< I I | !
set. M
= 6.2 496 -4.93 -29 2.89 1.44
load E:'VI 179.1 -114.1 114.1 -06.3 06.4 =204 .0
Total > M 1853 -109.1  109.1 992 993 -203.5
Case (c):
m P s m
179.1 114.1 06.2 205
Moment diagram-loading kip-ft
4.9
W’ W
6.2 20
Moment diagram —settlement Kip-ft
m Bl i e m-\
. U/V [ LIV \I\J\u 203.5
185.4 -109 99.1

Moment diagram -( loading + settlement) kip-ft

33



Problem 10.21
Check your results with Computer analysis. Assume E = 200 GPa , and 1 =75(10)° mm*.

00 kN
24 kKN/m \L 20 kKN/m
I 7 I 11
I |
5 . I yex. I vor.
| | | [ |
DF's 0 52 | .48 57 | 43 0
FEM's -147 | 112.5 -112.5 | 250
17.94 | 16.56 . 8.28
415 -— -83 | -62.68
21.58(19.92 — 9.06
2.8 - 57 |-4.3
1.45 | 1.34
A
M -106 | 106 -183 | 183 0
90 kN
24 KN/m 106 \L 183 183 20 IN/m

34



90 kN

24 EN/m \L 20 KN/m
P P P N A N A
3 T T T
68.9 kN 136.5 kN 170.9 kN 81.7kN

99 1kN 52.6 kN 81.7 kN
il (I e nill
LU,L“""_ | T | W
68.9 1N 374 KN 118.3kN
Shear diagram
08.7 kN-m 21 kKN-m 167kN-m

T T T /rﬂﬂ

WW

183kN-m

106 kN-m

Moment diagram

Problem 10.22
Assume EI constant.

(@)
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12 kips

14 kit
AL J L1 T IB C
5’*' 3 b
| 201 sft 16 ft |
! I !
DF's 1 615 | .385 0
FEM's |+46.7 -46.7 | 53.3
-2.05 — -41 |-25
SM | 44.65 -50.8 | 50.8 0
4465 kip-ft 1.4 kip/ft s0.8kip-fr  50-8kip-ft
L LoJ g AN N C
< o) G }
; . T 110.12 kip 1.88 kip |
13.7 kip 14.3 kip ’
12 kip
. 1.4 kip/ft
65 kip-ft
03P A I I J L I I JB \l, C
o 3 9
13.7 kip 24.42 kip 1.88 kip

(b)
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12 kips

1.4 Wit l
Al LI T 1 LI T 1B C
5% . !;,9
| 20 ft | g ft loft |
| I I |
DF's 0 55 | 45 0
FEM's |- -70 | 53.3
018 | 7.5
>M |0 -60.8 | 60.8 0
. 12 kip
1.4 kip/ft 60.8 kKip-ft o < kip-fi
Al \L C
- ) G
F
; T T T 1.47kip
10.96 kip 17.04 kip 10.53 kip
12 kip
1.4 K/t \L
AL L L LU B

C
5 o .Y
i } }
10.96 kip 27.57 kip 1.47 kip

Problem 10.23
Determine the bending moment distribution. Assume EI is constant.
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20 KN/m 10 EN/m
L J J J8LJd

B
6 m 5m Zm 3m
| | i
DEF's 54 A6
FEM's | 0 00 |41.32 0
5|45
-22.5
38.43 | 32.74
>M | g -51.57 | 51.56 45145

Problem 10.24
Determine the bending moment distribution. Assume |, =1.41, .
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B ’
A [ 1 L b J J /
j‘ . L
11_ ’% I
| :':' ﬂ: | 15 ﬂ: | ]."." ﬂ: |
[ [ [ [
DF's 0 0.68 | 0.32 0
1.7 = -34|-16 —= -.8
> M 38.3 -43.4 1 434 - 45.8

Problem 10.25
Determine the bending moment distribution.
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45 kN

30 KN/m
P P PR "R PO O P N Y A N ,
s I’
. L
; I . 31 r. I -
| 6 m | Om | Iim | im |
| j I [ [
DF's 1/3| 2/3 2/3 | 1/3
FEM's | 90 -90 | 202.5 -202.5 | 33.75 -33.75
-18.75 «—— -37.5| -75 — -37.5
q
68.75 - 137.5 68.75 —= 34.375
-11.45 =— -229|-458 — 2229
7.63 - 1527|763 — 382
-1.27 =— -2.54 =5.1 —_— 22 54
34 - 1.68 |.84 — 4
-3 | -.56
172 KN-m
33.3kN-m 14.4kN-m 4.8 kKN-m
58.3kN-m W

153 kN-m

Problem 10.26

111 kN-m

Solve for the bending moments. 3, =.4 in 4 ,E=29,000 ksi and 1 =240 in*.
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20 kip 10 kip

A l 2 kip/ft l
| S A PP Y S P R PP A
/ 1
? I 5 v PE I Y. | D
E
B C
| 20 ft 10t 30 ft . 10ft
[ ' | T i
DF'’s 57| .43 (170
44.4 -88.8 | 225 -100 | +100
FEM's
10.74 10.74 -5.3?/
-50
-26 - -52.2 | -39.37
>M | 201 -130.2 | 130.2 2100 | +100

Problem 10.27
Determine the bending moment distribution and the deflected shape. E=29,000 ksi

(a) Take I, =1, =1000 in*

41



1 kip/ft
£ LS L J 4L b

9&/9 L I z L I, !i[,

I 70 fi . 70 ft |
1 [
DF's O 0.5 | 0.5 0
FEM's -612.5 |+612.5
SM 0 -612.5 |+612.5 0
344.5 kip-ft 344.5 kip-ft

612.5 kip-ft

Moment diagram

Vv

422 in 4.221in

Deflected shape

(b) Takel, =1.5 I,. Use Computer analysis.
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N N P R v v bbb

693.4 kip-ft

Moment diagram

N ~ _~

3.41in 34in

Deflected shape

Case (a) has larger moment and deflection compare to case(b).
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Problem 10.28
Determine the axial, shear, and bending moment distributions. Take I,=2I,

30 KN/m
., B v b S ¥ c
Iy
5m I, Ic
D
- Ay 77
| Sm | 5m |
| | |
172 -78
5 5

7

113.7 kN 36.
Axial Force

44



36.3 kN

1 1 1 ' 1 1 |
113.7 kN EW H
243KN H H 24318
Shear diagram
m 762
28

o )

Moment Diagram (KN-m)

Lin
[ ]

Problem 10.29
Determine the member forces and the reactions.
a) Consider only the uniform load shown
b) Consider only the support settlement of joint D (5, =.5 in])

c) Consider only the temperature increase of AT =80°" for member BC.
E = 29,000 ksi, |, =, = 100 in*, I, = 400 in* , o = 6.5x10°/ °F

2k/ft
A P PR P A P N
1 B - C
AT
12 ft
D
o A 777 77
24 ft Tﬁ

45



2/3

2/3

1/3

(@)

1/3

2 kip/ft

6 kip

—-—>
23.9 kip-ft _C :l_ 24 Kip

(b)

2.69 kip- ft

46

- 224 kip

s

2.69 kip- ft

7

1 224 kip



(©)

AT

54 kip 54 kip
> o 77
':u.._./ \_‘j

3.92 kip-ft 3.92 kip-ft

Problem 10.30
Determine the bending moment distribution for the following loadings. Take I, =5I.

71 71
.29 I, [.29]
1. Ie
77 7777
(@)
40N B
—+ o C
Io
6 m IC I,:
D
- Ay T
12m

47



48

57.19

654 62.3

Moment diagram (kN-m)

(b) Symmetrical loading- no sway
30 kKN/m
vl ¢S v L)
1 B _
I
6 m I
I C
D
- Ay 777
12m

?6.95£ 76.95

Moment diagram (KN-m)



(© Symmetrical loading- no sway

R0 kN 80 kN

| |

] C
B Ig
I
6 m I:: <
D

- Ay 77

| 4m | 4m | 4m |

I ! I I

935 /I/VI \ﬁﬁ\ 935
456 Z g 456
Moment diagram (KN-m
(d)
80 kN 80 kN
) ] i
B Ig
I
H m Ic c
D

- Ay 77

| 4m 4m 4m

49



Moment diagram (kN-m)

Problem 10.31
Solve for the bending moments.

2 WA
"
I
g fi I
21 12 fi

| 20 fi "5’ N
T [
33 23

|65 | .77]

50




42.9 Kip-ft

Moment diagram

Problem 10.32
Determine the bending moment distribution.

10 kips
6 kips J
—_— ':’ C
B 21
10 fi I
-+ A 277 =77
| 5fi | 15 fi |
I ! I
5 5
5 5
777 77

51

64.3 kip-ft



12.3

Problem 10.33

Moment diagram (kip-ft)

Solve for the bending moments.

W

Ll I bl
T B C
I
h I q I 1
4 A D
By Py
L

Symmetrical loading- no sway

52

.64 .64

36

24.58

23.97

I, =200 in’
I, = 400 in’
L=24ft
h=16 ft
w=1.6 k/ft



40.65 kip-ft m m\m 40.65 kip-ft

Moment diagram

Problem 10.34
For the frame shown, determine the end moments and the reactions. Assume E = 200 GPa , and

| =40(10)° mm*.

24 kN/m
A-.L\L-J.L‘L\L\LJ-J. C
| 3m
Dé —_—
| 6 m | 6 m
| i |
MF,, =0
2
MFBA——24§;6) =108 kN-m
| 3,41 3,41 3.1, 5l
DN AT hr iy
Joint B 1
DF,, = DF., = %=0.4 DF,, =.2
4

53



-64.8 | 43.2
432 | 432
-108
4.4 C
b, BE Dy
21.6
D
5.
43.2 KN-m
B C
Gt ?
7.2 kN 7.2 kN
24 KN/m
AL LT L 110l C
61.2 kKN 7.2 kN
D
o
-)|- 90 kN

Problem 10.35
Determine analytic expression for the rotation and end moments at B. Take| =1000 in*, A=20

in® for all members, and o =1.0, 2.0, 5.0. Is there a upper limit for the end moment, M ?
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A

¥ 1 |B
Qldpi

12 kip H—é,

20 1t
| |

My, is independent of o.. Mg, =240 kip-ft

55

A B

5
9 ldpi

D

E —— 12kip T+
10 fi
C L
| ’%
9 kip 201
20 fi
I
180 kip-ft
180 kip-ft C f C
240 kip-ft  lap %
9 kip
B—» 12 kip
12 ki
e
5.8



e N

El ol E A
kAB:kBCZZ_OZk Kgp = 2—02(11( p=2—o

MBA modified — 3(k) es
MBC modified — 3(k) eB
Mab modities = 3(0k) O +3(ak)p

Maga modified = 3(K) 65 =—180 k0, =—60
~

M

BA C_IB_ ) Mgc
Map

> M=0

joint B

- 3(ak) 0, + 3(ak)p + 6(k) 0, —120 =0

M moaites = 3(@)(-60) +3(ak)p = 240 K p=80+60

o
. El _29000(1000) 1 100694 kf
20 20 (12

56



0460 3.33in fora=1.0
A= pr = BOFO00COIZ ;) 5o for o= 2.0

ak ]
1.81 in fora=5.0

Problem 10.36

Compare the end moments and horizontal displacement at A for the rigid frames shown below.
Check your results for parts (c) and (d) with a computer based analysis. Take E =200 GPa, and

I =120(10)° mm*. A=10000 mm? for all members.

Case (a)
A
40 kN e
21
I I 6 m
e rers
24 m
I |
A =27.4 mm
—
A
45.9
I U H
77.8 72.2

57



Moment diagram kKN-m

Case (b)
40 kN ::A
21
I I 6 m
| 24m .
|
A =121mm
—
A

Moment diagram kN-m

Case (c)
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AN —s 2

¢

21
f m
I I
, 6m 12 m . 6 m .
I | | I
14 mm
A
4137
/ﬂ\ﬂ\’\“\ 0
3745
39.79

Moment diagram kN-m

Case (d)
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60

40 kN ce
21
f m
I I
., 6m 12m 6m
I | i I
.
A
60.4

Moment diagram kKN-m
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