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4-1. Determine the internal normal force, shear force, and 6 kN
bending moment in the beam at points C and D. Assume 20kN-m
the support at A is a pin and B is a roller. )
° o |
A C D B 1/
Im—-~1m ‘ 2m 2m
Entire beam:
+ 6 kN
_)EFx:O; Ax:O i 20 kN-mM
Ao :)
C+3M,=0; B,(6) —20 — 6(2) =0 S -
B, =5333 kN Moo By
+T > F, =0 A, +5333-6=0
A, =0.6667 kN
Segment AC: ° He
’ 4"’ Ne
Ve
+ I~
— > F,=0; Ne=0 Ans. 0-6667 kN
+1 3 F,=0; 0.6667 — V=0
Ve =0.667 kN Ans.
C+DMe=0; M¢ = 0.6667(1) =0 , uy o 3)am..,
/3 4-(—
Mc=0.667 kN+-m Ans. lrﬁzm
5.333 kal
Segment DB:
+
_,pr:(); Np=0 Ans.
+1 3 F,=0; Vp+5333 =0
Vp=-533 kN Ans.
C+DMp=0; —Mp+533312) —20=0
Mp=-933 kKN-m Ans.
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4-2. Determine the internal normal force, shear force, and
bending moment in the beam at points C and D. Assume
the support at B is a roller. Point D is located just to the

right of the 10—k load.

Entire Beam:

C+DM,=0; B, (30) +25 —25—10(20) = 0
B, = 6.667k

+1 > F, =0 A, +6.667 —10=0
A, =3333k

LESF =0 A, =0

Segment AC:

LESF =0 Ne=0

+1 > F,=0; ~Ve+3333=0
Ve=333k

C+>Mc=0; M — 25 —3.333(10) = 0
M =583k-ft

Segment DB:

LE3F =0 Np=0

+1 > F, =0 Vp + 6.6667 = 0
Vp=—667k

C+>Mp=0; —Mp + 25 + 6.667(10) = 0

Mp=91.7k-ft

10k

[N

Sk-ft

‘C ‘D B
10 ft ——~~——10 ft————10 ft 1
o 4
25z .“f J, 25A'ft
}
AX ) A
20 ft V041
A
¢ S
25 k. ft M
o "
Ans. 10ft ve
3333k
Ans.
A 25kt
Mp
Ans. M )
{707t
o667 K
Ans.
Ans.
Ans.
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4-3. The boom DF of the jib crane and the column DE D
have a uniform weight of 50 Ib/ft. If the hoist and load weigh *B A ¢ 9 |F
300 Ib, determine the internal normal force, shear force, and F ; o 3t
bending moment in the crane at points A, B, and C. St t t t
[}
300 1b
7 ft
A
) E
Equations of Equilibrium: For point A
ESE=0 NA=0 Ans. soca)e 501
A
N =
+1 SF,=0; V4—150 =300 =0 * X
V4 =4501b Ans. rafl ¢
2001b
C+HDM,=0; -M 4 — 150(1.5) —300(3)=0
M, = —11251b-ft = —1.125 kip - ft Ans.
Negative sign indicates that M, acts in the opposite direction to that shown on Son=55016
FBD. T T .
g i
A
Equations of Equilibrium: For point B 7 S5t l
+ 3001b
<~ >F. =0 Ny=0 Ans.
+T > F, =0 Vg —550-300=0
Vp=28501b Ans. 50(13)2 650 Ib
C+HOEMp=0; —Mp — 550(5.5) —300(11) =0 L ! .'.
My = —63251b-ft = —6.325 kip - ft Ans. fpsocerm250|
Y| o5/t | 65ft
Negative sign indicates that M acts in the opposite direction to that shown on FBD. Joolb
Vc
Equations of Equilibrium: For point C Me N;
c
+
<—2Fx=0; Ve=0 Ans.
+1 > F,=0; —N¢c—250—650—300=0
N¢e = —12001b = —1.20 kip Ans.
C+D Mc=0; —M — 650(6.5) — 300(13) = 0
Mc = —81251b-ft = —8.125 kip - ft Ans.

Negative sign indicate that N~ and M act in the opposite direction to that shown
on FBD.
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*4-4, Determine the internal normal force, shear force,
and bending moment at point D.Take w = 150 N/m.

C+HDM,=0; —150(8)(4) + % Fpc(8) =0
FBC = 1000 N
+ 4
- > F, =0 A, — 5(1000) =0
A, =800N
3
+1 > F, =0 A, —150(8) + g(1000) =0
A, =600 N
+
— > F,=0; Np=—800N
+1 > F, =0 600 — 150(4) = Vp =0
VD = 0
C+>Mp=0; —600(4) + 150(4)(2) + Mp =0

Mp=1200N-m =120 kN-m

150()N 150(4)N

i 'z ’

'

Ax —

T

3

00N

F

Foc

300N —> 'lh N
oy

4m 4 m
c|
)

Ans.

Ans.

Ans.
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4-5. The beam AB will fail if the maximum internal w
moment at D reaches 800 N-m or the normal force in
member BC becomes 1500 N. Determine the largest load w A
it can support. : D.
i 4m 4m
Assume maximum moment occurs at D;
8
C+SMp=0; MD—TW(4)+4W(2):0
800 =8 w
w =100 N/m
C+ EMA =0; —800(4) + Tc(0.6)(8) =0
Tpc = 666.7N < 1500 N (0.K!)
w = 100 N/m Ans.
{ur
—-F--n .
. DA
T lvp
2
goo N
Al m A
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4-6. Determine the internal normal force, shear force, and 4 kN /m| .
bending moment in the beam at points C and D. Assume |3
the support at A is a roller and B is a pin. l l .

e

Support Reactions. Referring to the FBD of the entire beam in Fig. a,

G +EMB =0; %(4)(6)(2) -A,(3)=0 A,=8kN

Internal Loadings. Referring to the FBD of the left segment of the beam
sectioned through point C, Fig. b,

i>§:FX=O; Nc=0 Ans.
1
+T > F, =0 —5(n05)—vczo Ve=—075 kN Ans.
1
C+HDMe=0; Mc + 5(1)(1.5)(0.5) =0 Me=-0375 kN-m  Ans.

Referring to the FBD of the left segment of the beam sectioned through point D,
Fig. c,

i’EFx:(); Np=0 Ans.
1
+1 EFyzo; 8—5(3)(4.5)—VD:0 Vp=125kN Ans.
1
C +EMD =0 Mp + 5(3)(—4.5)(1.5) -8(1.5)=0
Mp= 1875 KN-m Ans.

L) kil

—-”’—‘

S Tt i

—-”’ !

F,-"'", N 4 :
N iFE be

| 3m Im 2Zm 1

-

4
C A D
~—1.5m ~—15m 1.5m e

Lcirs)kn
(*0-51"

BYfa’
1.5 m—»‘j.‘»

(34 -5)kN

—_—

—_/l’ [}
—

—’—

A

Mp

3 kN[m

Ny
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4-7. Determine the internal normal force, shear force, and
bending moment at point C. Assume the reactions at the
supports A and B are vertical.

LSF =0 Ne=0

+I>F,=0; Ve+05+15-375=0
Ve=175 kN

C+>Mc=0; Mc+0.5(1) + 1.5(1.5) = 3.75(3) = 0

Mq=850 kN-m

1.5kN/m

| 3m \ 6m \

4ShN a4 Sk

Ans.
4.5 m L l 32

9m
Ans. 3.7S AN S 264n
2 AN
skn CR 0-cer ko
- - - — _4‘, o0.ShN,
Ans. | o fj /134. ™
) ) Np
b v ny,
3,75 bk vx:

0-5(3)215"7_ §(0383)(3) =0-5kN
25kim | F_ /N 0.853 kolfom,
e

375 Y

[Z WX PP

*4-8. Determine the internal normal force, shear force,
and bending moment at point D. Assume the reactions at
the supports A and B are vertical.

LSF =0 Np=0

+1 > F, =0 375-3-2-Vp=0
Vp=-125 kN

C+>Mp=0; Mp +2(2) +3(3) — 3.75(6) = 0

Mp=9.50 kN-m

1.5kN/m

0.5kN/m

} 6m | 3m }
Ans. 4.5MN  4.5%N
4.5 w [ l KN
Im
Ans.
3.7 AN < 25w
24N
Sk ] 0. 667 A'JIM
Ans. |-r- ’«3: _ ::v.\\l,(;.{lnrsJ/M
¢ | u
T 6m ‘Emb D
3,75 v,
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4-9. Determine the internal normal force, shear force, and 5kN
bending moment in the beam at point C. The support at A is 3kN/m
aroller and B is pinned.
A A
/. O
A c B
—1m— 2m 2m |

Support Reactions. Referring to the FBD of the entire beam in Fig a,

C+DM,=0; B, (4) +5(1) = 3(4)(2) = 0 B, =475 kN
LESF =0 B,=0

Internal Loadings. Referring to the FBD of the right segment of the beam
sectioned through point c, Fig. b,

LS =0 Ne=0 Ans.
+1 > F,=0; Ve+475-3(2) =0 Vo= 125 kN Ans.
C+>EMc=0; 475(2) = 3(2)(1) = Mc=0 Mc=350 kN-m  Ans.

5k 3¢4) knl 302) kN
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4-10. Determine the internal normal force, shear force, and
bending moment at point C. Assume the reactions at the
supports A and B are vertical.

Support Reactions:

C+HDM,=0; B,(20) — 6(10) — 1.8(23) = 0
B, =5.07 kip

+1 > F, =0 A, +507-6-18=0

A, =273 kip

Equations of Equilibrium: For point C

LS. =0 Ne=0
P DF, =0 273 360 Ve=0

Ve = —0.870 kip
C+IMe=0; M +3.60(6) —2.73(12) = 0

Me=112kip - ft

Negative sign indicates that V- acts in the opposite direction to that shown on FBD.

Ans.

Ans.

Ans.

03(12) 3.6 kip

400 b /ft
300 b /ft \l\L\'\
= |
A B
28— |
0:3(20):6 kip $0.4)9) 18 Kip
I. 1 “‘1
A | Il J
/oft T 7of€ a8 efel
A 2
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4-11. Determine the internal normal force, shear force,
and bending moment at points D and E. Assume the
reactions at the supports A and B are vertical.

Support Reactions:

C+HDM,=0; B, (20) — 6(10) — 1.8(23) =0
B, = 5.07 kip

+1 > F, =0 Ay +507-6-18=0
A, =273kip

Equations of Equilibrium: For point D

LSF =0 Np=0
+1 > F, =0 273-18-V,=0

Vp = 0.930 kip
C+3IMp=0; Mp +1.8(3) —2.73(6) = 0

Mp=11.0kip-ft

Equations of Equilibrium: For point E

ESF =0 Ng=0
1 SF, =0, Vp—045=0

V= 0.450 kip
C+IMp=0,  —My—04515)=0

My = — 0.675 kip - ft

Negative sign indicates that M, acts in the opposite direction to that shown on FBD.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

300 Ib /ft

400 Ib /ft

1y

|

-

121t 81t

eV

9 ft——

0320 +b Kp £co4)9)18Kp

4

Ay

)
35¢ ¢fe
by

i
/0ft T ‘oft

03G) <18 kip

F(02X48)<045Kip
Mg Yo

89




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*4-12. Determine the shear and moment throughout the
beam as a function of x.

Support Reactions: Referring to the FBD of the entire beam in Fig. a,

P
C+SM,=0; Np(L)— Pa=0 Nnga

Pb
C+ D Mp=0; Pb— A, (L)=0 A=
LSF =0 A, =0

:&_

Internal Loading: For 0 < x <a,refer to the FBD of the left segment of the beam

in Fig. b.

Pb Pb
+ F.=0: _ = = = —
F2rR=00 57 -v=0 V="

Pb Pb
Q+2MO:0; M—TXZO M=Tx

For a <x = L, refer to the FBD of the right segment of the beam in Fig. c.

P P
+T2Fy:(); V+T:O V:*Ta

P
C+ SMy=0; Ta(L—x)—MZO

P
M= (L )

Ans.
Ans.
AFO M
) (b
Ans. X vV
Ay=Lb
Ans. U -
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4-13. Determine the shear and moment in the floor girder
as a function of x. Assume the support at A is a pin and B is
aroller.

Support Reactions: Referring to the FBD of the entire beam in Fig. a.
C+XM,=0; B,(4)—41)-63)=0

B, =550kN

C+3SMp=0; 6(1)+4(3)— A, 4)=0
A, =450 kN

LESF =0, A=0

X

Internal Loadings: For 0 =x <1 m, Referring to the FBD of the left segment of
the beam in Fig. b,

+1 Y F,=0; 450-V=0  V=450kN Ans.
C+DMp=0;, M~ 450x=0

M = {450x} kN-m Ans.
For 1 m <x <3 m, referring to the FBD of the left segment of the beam in Fig. c,

+1 Y F,=0; 450-4-V=0
V =0.500 kN Ans.

C+HDMp=0, M+4(x-1)—-450x=0
M ={05x+4} kN-m Ans.

For3m < x = 4 m,referring to the FBD of the right segment of the beam in Fig. d,

+T>F,=0;, V+55=0 V=-550kN Ans.

C+3SMpy=0; 550(4—x)—M=0

M = {-550x +22} kN-m Ans.
4K 6 kN
Ax
i
Im zm | 1m

—i—) «
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4-14. Determine the shear and moment throughout the

beam as a function of x.

|

:&_

i
5

Support Reactions: Referring to the FBD of the entire beam in Fig. a
R EFX =0 =0
M
C+3M,=0; Mo~ Ng(L)=0 By=TO
Mo
C+HDIMp=0; Mo— A, (L)=0 Ay=T
Internal Loadings: For 0 <x <a,refer to the FBD of the left segment of the beam
is Fig. b.
Mo Mo
+T2Fy=0; T—VZO V:T Ans.
M, M
C+DM,=0; M — x=0 M=—Y9 Ans.
L L
For a <x = L, refer to the FBD of the right segment of the beam in Fig. ¢
Mo Mo
+ =0; -—= =— .
T>F, =0 V=0 V=—" Ans
M,
C+DIM,=0; -M - L(L—x):O Ans.
m=—Moq, A
= I ( _x) ns.
a b

A

(a)
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4-15.

Reaction at A:
> SF, =0
C+ D Mp=0
0=x<2m
+1>F, =0
C+HDM=0;

2m<x<4m

Segment:
+1>F, =0
C+HDM=0;

dm<x=8m
+1>F, =0
C+HDIM=0;

3

A =0

Determine the shear and moment throughout the
beam as a function of x.

A,(8) —7(6) +12=0; A, =375 kN

375 -V =0;

3.75x — M = 0;

-V+375-7=0;

V =375 kN
M =3.75x kN
V=-325

-M +375x —7(x —2)=0;

375-7-V =0

M = —-325x + 14

V =-325 kN

—375x +7(x —2) — 12+ M = 0;

M =26 —3.25x

7 kN
12kN-m
=] \
AP ) QB
2m 2m 4m |
T ol
12 1l
N A = z.lz..i "4g___
ns. T
Ay By
m
Ans. I __.Itv )M
Ans. 3.5
M
A
Yy
3.7€
Ans. '
2 ‘Lu‘” 124 A,
- N
Ans. 4‘ JAL\;S m
1
3.75
Ans.
Ans.
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*4-16. Determine the shear and moment throughout the ) 8 kN/m
et 1T
A
..I‘L. ‘ QB
X
"7 3m ‘ 3m }

Support Reactions. Referring to the FBD of the entire beam in Fig. a,

C+SMa=0: B, (6) - §()E35) — ;B =0
B,=22kN

CH+SMp =0 8315+ 5 BENA) — A,(6) =0
A, =14kN

LSF=0 A=0

Internal Loadings: For 0 = x <3 m, refer to the FBD of the left segment of the
beam in Fig. b,

1
+1 > F, =0 14*5<§x)va=0

v ={-133x2+ 14} kN Ans.

C+DMp=0, M +l(§x)(x)(£> —14x=0
2\3 3
M = {-0.444 x>+ 14 x} kN -m Ans.

For 3 m <x = 6 m, refer to the FBD of the right segment of the beam in Fig. ¢
+TYF,=0; V+22-86-x)=0

v ={-8x+26} kN Ans.

G+ M, =0; 22(6—x)—8(6—x)<6;x)—M=0

M ={—-4x*+26x — 12} kN'm Ans.

@D g3y k)

PPl bbb B |
- 1

-
Pras H
- A 1

> |}---

I‘ 2am 25m /lb‘m‘l

ATJ’ (a) BSL
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4-17. Determine the shear and moment throughout the
beam as a function of x.

Internal Loadings. For 0 =x =1 m,referring to the FBD of the left segment of the
beam in Fig. a,

+T>F, =0, -V-4=0 V =-4 kN Ans.
C+DMp=0;, M+ 4x=0 M = {—4x} kN-m Ans.
For 1 m <x <2 m, referring to the FBD of the left segment of the beam in Fig. b,

+TYF, =0, —-4-8-V=0 V ={-12} kN'm Ans.

C+DMp=0; M+8(x—1)+4x=0

M={-12x +8} kN-m Ans.

For 2 m <x =3 m, referring to the FBD of the left segment of the beam in Fig. c,

+T>F, =0, -4-8-8-V=0 V ={-20} kN Ans.

C+HDMp=0, M+4x+8(x—1)+8x—-2)=0

M={-20x+24} kN-m Ans.

kN

8kN 8 kN
4kN L l
|
xX—
| 1m | Im | 1m—

SKN

8kN

)¢
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4-18. Determine the shear and moment throughout the

beam as functions of x.

Support Reactions: As shown on FBD.

Shear and Moment Functions:

ForO0=x<6ft

+TYF,=0; 300-2x-V=0

V = {300 - 2x} k

X
2
M = {—x*+30.0x — 216} k-ft

C+DMy,=0; M+216+2x( )—30.0x:0

For 6 ft<x =10 ft

LSF,=0, v-8=0 V=800k

CHDMya=0; —M—-8(10-x)—40=0

M = {8.00x — 120} k-ft

10k 8k
2k /it
| | v l 40 k-ft
i)
7x*>
6 ft 4 ft
w20k 10k 8K
216 k4t 11 1 Jokft
(====F
Job BRI T 4R
Ans
lzx. v
ek } l
Ans (‘t \ ,') M
0k £ %
Ans.
8k
T é‘)‘"*‘
Vt /70-X
Ans.
veK)
MCES)
;00
5 — F-xdy —* £ gty
el
~21b
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4-19. Determine the shear and moment throughout the

beam as functions of x.

Support Reactions: As shown on FBD.

Shear and moment Functions:
ForO=x<4ft
+T2Fy:O; -250-V =0 V =-2501b

C+>Mya=0; M+250x=0 M ={-250x}1b-ft

For 4 ft <x <10 ft

+I2F,=0; —250+700 — 150(x —4) =V =0

V = {1050 — 150x} Ib

C+SMy,s=0; M +150(x — 4)()‘7_4) +250x — 700(x — 4) = 0

M = {— 75x% + 1050x — 4000}1b - ft

For10 ft<x =14 ft
+T2Fy=0; V —-250=0 V =2501b

CH+SMys=0; —M —250(14 — x) =0
M = {250x — 3500}1b - ft

Ay
P \
. -4

Mk

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

I

250 1b 250 1b
l 150 Ib/ft l
| A\ |
A9 g
F‘XH
| 4ft 6 ft 41t |
Sow  EYI0ON 25y

M —

¢t |3
Toelb

1501

15pCx-4)
~_ XC-.
cTYY
i

s

700 1b

250lb
L
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*4-20. Determine the shear and moment in the beam as
functions of x.

Support Reactions: As shown on FBD.

Shear and Moment Functions:

For0=x<L/2
3w,L 0
IS =0 T x -V =0 v ="0GL-4)
Tw,L*  3w,L x)
+ > Mya=0; - + —|+M=
G E Na=0; a 4 X wox(2 0
WD
M =—2(—12x*+ 18Lx — 7L?)
24
For L)2<x=L

IS F,=0; V- % {22 (L—x)} (L—x) =0

V= %(L—x)z

ﬂz% (L—x)}(L—x)(L;x) =0

M =22 (L-x)?
BT

—-M —

CH+HDMy,=0;

Ans.

Ans.

Ans.

Ans.

Wo
B — E
] ‘
L L
2 2 !
Wat
z ol
T L

uhx
CI Jom
aacl x
4—

.
~a.

'\ L
¥

+
"
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200 Ib/ft

4-21. Determine the shear and moment in the beam as a

function of x.
1200 Ib - ft B

10 ft

800 Ib

Internal Loadings: Referring to the FBD of the left segment of the beam
in Fig. a, 200
/O_JC—
1(200 1'[
+1YF, =0 —800 — E(Ex)(x) -V =0 - M
V = {—10x*— 800}Ib Ans. C 5
1200 x 1200 lb'ft > v
C+>XM, = 0; M + E(Wx)(x)(g) + 800x + 1200 = 0 X /I
M = {-3.33x%— 800x — 1200} b - ft Ans. 8
00 Ib

()

4-22 Determine the shear and moment throughout the 8 kN/m

tapered beam as a function of x.

2 PR T,

1
i)EFy= 0; 36 fi(gx)(x) 72(8 f§x>x -V=0

4
V=36—§x2—8x-|-§x2

V = 0.444x> — 8x + 36

C+SM=0; 108 + %(gx)(x)(%x) + g(g —gx)(x)(g) ~36x + M =0
(e -4

M:—108—%x3—4x2+%x3+36x —
o (= Lt | y"

Ans. S |
v
3N

M = 0.148x> — 4x* + 36x — 108
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4-23. Draw the shear and moment diagrams for the beam.

500 Ib 500 1b 300 1b
| : v
E / 1
Al ? e ’ | E
= c 2% D

[
|
4ft—F—6 1t 55l

~——6ft ~—4 ft —

v(ib)

1Nt.29

Z009

-38511

K3 2% “X(#)

mibdt) g

)4 Zz
' + ' x ( —H)
l’ p
N 2400
*4-24., Draw the shear and moment diagrams for the 2k 2k 2k 2k
beam. l l l l
A
& £\
2W 2V oy 1Y I ! 4ft ! 4t ! 4t ! 4 f—]

4::', 4 kip
V(Kip)
| 4
.__‘_—f
1 T + x
o2
-4 g
M(kip-f¢)
24 24
173 6
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4-25. Draw the shear and moment diagrams for the beam.

) Jlr\,... VC S
Im 1 m— 2m | 2m !
Vmax = —4.89 kN Ans.
M ax = —20kN-m Ans.
4.8 k! V(b
'/*\0.1.4 Kd-m
3.6 , g ) 2o K- m .
L zm ) 3oL M’J _°'°’53 ._c_z_.c....._’*.,z_.z.n/ ///r/ x
r — :0.89 KN : sz i
0.0133 N 4 —l e
M (k- m)
W 2 ] x
.]:WB‘K’K o
e . g
0417 ST
~
~—
oo
4-26. Draw the shear and moment diagrams of the beam. 10k 08 k/ft sk
A C B
-6 ft— 121 121 t—6ft—
Vimax = —10.1k Ans.
M = —60 k- ft Ans.
Vi)
t to.f s
Tmn [T7in
I 08 ¢/t 8k T RN *
“to ‘ -,
L ! l 1 L~————-|s{4625‘-———--£; H
T 1 1
2. ik
3.76
|7 o X
il -l
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4-27. Draw the shear and moment diagrams for the 400 1b/ft
beam. 600 Ib-ft
Y Y Y
A B
H'-._»L{R —_
oo 6t { E L L
tz%o 1b 3uls b 15 ft
v ()
Mo | -
l ‘ , [
e - — mo’——\‘\ll\” ’
=304y
M (b nen
Yoo I ’ ' , I )
Y4
*4-28. Draw the shear and moment diagrams for the M, M,
beam (a) in terms of the parameters shown; (b) set M, = ; y .
500N -m, L =8m. ﬁ - ., |
L L/3 —L/3 — L/3 |

L X
(a) For 0 = x = — °_|=Pm
3 0 v
+T > F,=0, V=0
C+SM=0; M=0
2L 5 0
For — < x < T o—éé':pm
DL__’_.qv

Ans.

Ans.

Ans.

Ans.

Ans.
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4-28. Continued

(b) SetMy=500N-m, L =8m
2 S00NM  S00M-m
8 = o—==5" 0 —
For 0 = x < zm J v OIJJ.'In\ 2.67m Mh\(l)
V(W)
+1 SF, =0 V=0 Ans. l
0 p———x
C+3SM =0, M =0 Ans. ) m”” | ,
0 X
g 16 1, Sookm
For —m< x < —m o—i—_',:é:v"‘
3 3 o x v
+T3F, =0, V=0 Ans.
C+DM = 0; M = 500N-m Ans.
16 my 8
For 3 m < x = 8m (f ‘l
0
+1>F, =0, V=0 Ans.
C+dDXM =0; M =0 Ans.
4-29. Draw the shear and moment diagrams for the beam. 1.5 kN/m
Support Reactions: _‘L_ B _JI_Q
C+dM, =0, C,(3)—15125)=0 C,=125kN 2m ;3
m
+1 >F,=0; A,—15+125=0 A, =0250kN ] ¢‘)M
lo.zs oY
Shear and Moment Functions: For 0 =< x <2 m [FBD (a)], (@)
+T > F, =0, 0250-V =0 V =0250kN Ans. 1.5 (r=2) kN
Im [__l
C+DM = 0; M—-0250x = 0 M = (0250x) kN-m Ans. - jl‘)w
0.25 kN A4
)
For2m < x =3 m [FBD (b)].
V(kN)
+T3F, =0, 025-15(x-2)-V =10 0.25
I\ZJW e
V = (325 — 1.50x) kN Ans. \l
9 0.521 ias
C+DM = 0; —025x + 15(x +2) ) tM=0 M (NM) 03
M = (—0.750x> + 3.25x — 3.00) kKN -m Ans.
x(m)
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4-30. Draw the shear and bending-moment diagrams for
the beam.

Support Reactions:

C+DMp = 0; 1000(10) — 200 — Ay(200=0 A, =4901b

Shear and Moment Functions: For 0 = x <20 ft [FBD (a)].
+1 > F, =0, 490-50x—V = 0

V = {490 — 50.0x} Ib
C+3SM =0, M+ 50x(§> — 490x = 0

M = (490x — 25.0x%) Ib-ft

For 20 ft < x = 30 ft [FBD (b)],

+T>F, =0, V=0

C+DM = 0; —200-M =0 M = —2001b-ft

50 Ib /ft

200 Ib-ft

)
R o N B C

Ans.

Ans.

Ans.

Ans.

20 ft 10 ft —

50

[ X
490 r v

y },1: ) 20

V(ib)
90
9.80
x

’ =510

M (b0
2401

(b)
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4-31. Draw the shear and moment diagrams for the beam. w

Support Reactions: From FBD(a),

wL (3L 3wL -
CrEMa = 0 Gyl ‘7(7) 06T Ac=0 — t """
———*.
. 3wL wL\ _ wL — e
+T2Fy—o,Ay+8 (2>—0Ay—8 ) 2 =
h (@) e

L
Shear and Moment Functions: For)0 = x < B [FBD (b)],

L L
HISE =0 TS V=0 V=SE Ans. v
! 5M (k)

L L L‘———’i
C+OIM =0; M fwf(x) =0 M = L(x) Ans. S

8 8 Wl

e
L .

Forz < x = L [FBD (¢)], W(--x;

3wL X

T IE, =00V T Wl =) =0 viTPT
_ Vs ) MCI ]x
V= S(L - 8x) —
WL
3wL L - G =2==
C+S My = o %(L—x)—w(L—x)( x)—M=0 373
w 2 2
M = g(—L + S5Lx — 4x°) Ans.

v
wL
g > L x
L
z g’\l
2wt
M 8
12 gwl”
e
+—t X
0 L s i
z 3t
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the

C+3M4 =0; —5000(10) — 150 + B, (20) = 0
B, = 25001b

LESF =0 A,

150U-8 CT:=- - xi‘ —___‘:' wm
v

2,500t
+1 > F, =0, A, = 5000+ 2500 = 0
A, = 25001b

For0 = x = 20ft

+1 > F, = 0; 2500 — 250x — V

=0
V = 250(10 — x)

C+SM = 0, —2500(x) + 150 + 250x(£> +M=0

M = 25(100x — 5x* — 6)

250 1b /it
I
$ E

Axw_wé.;——“ _";):sou-ﬁ
" - _js

704t
wowtr (LI T LT
¢ t 204t

) Isotb-ft
'
2,500l

2,500

YW ’
2500 t@\ 10w ’
Ans. ol - <

Ans m{t-f1) 13,350
: /
0-0602 - K, /-“J/ // 4 Lo.omn
0 © S 1
-0 O =) 450
4-33. Draw the shear and moment diagrams for the beam. 20 kN
40 kN/m
0 =x<8

+1 EFy = 0; 13375 —40x =V

wr)
|
B
8m 3m 150 kN-m
-0
_ $orm 20kN
V = 13375 — 40x Ans. i
TERRRN bmm-n
3
C+SM =0 M+ 40x(f) ~133.75x = 0 B b3k !
2 m 3m
M = 133.75x — 20x? Ans.
(KN, ‘ 7 ’
8<x = 11 | w0
33448 & ’
+1 SF, =0, V-20=0 | s |
vV =20 Ans.
sy | o
223.b ' l
C+SIM = 0, M + 2011 — x) + 150 = 0 omﬁ'
M = 20x — 370 Ans. g "‘.;;”-m
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4-34. Draw the shear and moment diagrams for the beam. 200 Ib /ft

IENERNEEEEN

1
£]]

V max = £1200 1b Ans.
Jourh,  Beetb g Book g,
M . = 6400 1b - ft Ans. ! 1
lew ik lboo b
viw
[0 t—
/ /'l’;]‘m"" %
gy UL 7 /
U et
M)
oo tAoo Yseo
i / /- /‘77( i N M
. 14 {
| '!
4-35. Draw the shear and moment diagrams for the beam. 200 Ib /ft

12001b-ft

30 ft
v
800 Ib
Vimax = —3.80k Ans.
M pax = —552 k- ft Ans.
v (L)
Lee tb _ 1 ] T ¥
. it too ] r

T
130 ( ’4‘/’/' L l ) 55200 Wt M (k)
bt !
300 1b Swoth .
“lee ‘ l ’ [ -

~55%0
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*4-36. Draw the shear and moment diagrams of the
beam. Assume the support at B is a pin and A is a roller.

Viae = 850 1b

Mo = —2.81 K- ft

100 Ib /ft

Y

800 1b - ft

4 ft— 16 ft |

Ans.

Bo0ib-jt 100 Ibjht
T 1 1

Ans. {

41t 76 ¢
850 1b 7501,
v(ib)
’ 850
[\‘ i «

| e S

M(1b-pt)
28128
-t +— A=A
’800'—"'—/

4-37. Draw the shear and moment diagrams for the beam. 8 kN/m
Assume the support at B is a pin.

Y ¥ Y Y Y

A :{1

1.5m l 6m

Vi = 24.5kN Ans. 8 bty

Mo = 34.5kN-m

Ans I.Sm tm
30.5 k) 235 ad
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4-38. Draw the shear and moment diagrams for each of 4
.. 0 kN
the three members of the frame. Assume the frame is pin

connected at A, C,and D and there is fixed joint at B. Zm FLS m

[ I c

15 kN/m
S0 kd A0EN
Jism | 2m Lnsm |
4spa { ; : <
RO N L : ¢ qsrel
VIOEN. !
tikH i 6m
v ’“";"
3
% HSKN
L 168 N g ] D
o | L3]
A ‘{é—*— “a—,;c;é*;,sfc i P e eew. e L lal
s o -
o | 15KA s
b
® 4-—-—*‘. ugk N "
LI —_—te
45 KN
\)
TN
¥ ed
n.

~ies
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4-39. Draw the shear and moment diagrams for each
member of the frame. Assume the support at A is a pin and
D is aroller.

Viax = —11.8k

My = —87.6k-ft

08 kit
76804 T 1164
ek 2oft v
06 &fit left ‘
9-60k
B4k
476k 184

0.8 k/ft
B Y C
0.6 k/ft
16 ft
D,
‘ 20 ft ‘
Ans.
Ans.
476 K
1
Sizeft -1/-8%
96k .
warf__ BLe kSt
768 k-4t '
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*4-40. Draw the shear and moment diagrams for each
member of the frame. Assume A is a rocker, and D is

pinned.

28) k

o . el e e e e g

T

4Kk

4-ft

3K

=
A

3K

154t

x

A)A=/4-4'I7 K

144k

55863 K

o- 7924t

41t

154t

™

721 ’lﬂlﬁ&k

~3K,

4k
2 k/ft
B . . . . . C
'F N—3«
— 8 ft — 4 ft —

15 ft

1. M
R

520kft 513k
~K 450 k-ft

C 450k ft

7z ft
0792

4t
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4-41. Draw the shear and moment diagrams for each
member of the frame. Assume the frame is pin connected at
B, C,and D and A is fixed.

3k

0.8 k /ft

6k 6k
3k

8 ft 8 ft 8 ft

15 ft

Shear _dira 20001

moment .(ﬁgygfzz

————

48 k-ft

4-42. Draw the shear and moment diagrams for each
member of the frame. Assume A is fixed, the joint at B is a

pin, and support C is a roller.

Ve = 200k

Moy = —144k-ft

20k

3 s
160K £ \lr\"
AR
1

5.0 t
b.0K (TFO —Z7 o
/6.0 &0k

o5&f l 8t

200K
4akft

6ox

20k
NS
7
0.5k/ft B |
1¢
8 ft
Ans.
Ans.
A
| 6 ft 6 ft
60X 360 k-f¢
160K "
~6- 0k
200x - 144 & ft
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4-43. Draw the shear and moment diagrams for each 4k /ft
member of the frame. Assume the frame is pin connected at
A,and Cis aroller. B
15k = |C
L
4 ft
10k >
4 ft
| 10 ft
- moment _diagrarm K 40X
Shear o’/augmm - ; 4/60”[{_ o 1» .
162 k-f1 15 e 4
) (=i
15 K /0 36k
« lgr” 4
l5-;h‘
4
10%
41
-+ 'r—zs"
4_5‘
*4-44, Draw the shear and moment diagrams for each 1.5 k/ft

member of the frame. Assume the frame is roller supported
at A and pin supported at C.

870k 25,2 ko ft
424t
| | 8
A | jr E ):z Kft
T "x Af )
430k 6t [ 58f 4.2 1
oft
(2 K ft
oft
oft
-2k JL .

[-5(10) kK
5ft 5f¢

NAz 8.70 Kk

G=2k

2k

— > £

oft

=p-30K
S
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4-45. Draw the shear and moment diagrams for each ISKN  jokN
member of the frame. The members are pin connected at A,
B,and C. ;‘PZm 2m<rk2ma
Support Reactions:
C+DM, =0, —15(2) — 10(4) + B, (6) =0
B, = 11.667 kN
+1 EFy =0, A, —25+ 11667 =0
A, = 133kN
C,+EML. =0; 12(2) — By (6)=0
B, = 4kN
+7DFy =0, 4-12 + Cy =0
C, = 8kN
sk . o)
2m k 2em yp 3w
A TN P P
Ay By
I L
P “P
L‘N [IN]
Vi) Viw)

3.3
[
L X
-n.) lam 240, — /// x
L1 4 e
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4-46. Draw the shear and moment diagrams for each
member of the frame.

—3m—f2m--2m——3 m#

C+IMp=0; 10(2.5) + 5(3) + 105) + 5(7) — A,(10) = 0

A, = 125kN
+ 4
— >F,=0; —10 5 +D,=0

D, = 8kN

3

+T > F, =0, 125 7571075710(§> +D, =0

D, = 135kN

Sk
RSk
375/:3-& =
750/ | 2m
1375 kmm
/
/ /
s
750 xa
10-0kN
7508
2 Sokal
—450kn
75081,
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4-47. Draw the shear and moment diagrams for each
member of the frame. Assume the joint at A is a pin and
support Cis a roller. The joint at B is fixed. The wind load is
transferred to the members at the girts and purlins from the

simply supported wall and roof segments.

Support Reactions:

500 Ib/ft

C+3 M, = 0, —3.5(7) — 1.75(14) — (4.20)(sin 30°)(7cos 30°)

—4.20(sin 30°)(14 + 3.5) + (21) = 0

C, = 5.133kN

L SF, =0, 175+35+ 175 + 420sin30° — 5.133 — A, = 0

A, = 3.967kN

+T > F, =0, A, — 420 cos30° =0

A, = 3.64kN

175 k 5K
o il b

(15K

sy % toan-t

EAINT
v(

AR 777771
4

303k
1

‘15

M lef) [

BT VAvaav.Ar x

il L e
i

1Y

Be:

300 Ib/ft

g o o -

1,05 K 24k -5

e A

L3
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*4-48. Draw the shear and moment diagrams for each

member of the frame. The joints at A, B and C are pin
connected.

250 Ib /ft

250 1b/1¢

i

2] e i S

oft
750 1

750

!‘\ EXPY

| 3

l z7 1

2ooom-f¢ 190
f “agou
thf
6k 3k

4-49. Draw the shear and moment diagrams for each of ‘ ‘
the three members of the frame. Assume the frame is pin 81t 81t 81t

connected at B, C and D and A is fixed.

0.8 k/ft
s
qorith
1K 15 ft
Vo
(¢ .

M X 8 ¢k o 3k ,

M 5K i
Vin

' y i = x s m .

-ﬁ‘ A E B -'
M (e-h)
[
n
/7 R
Je, " B”C
Yy
0 | ¥
ML
o{ x
<D
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4-50. Draw the moment diagrams for the beam using the 600 1b 600 1b 600 1b
method of superposition. The beam is cantilevered from A.
L AL AL )
‘A ‘1200 Ib-t
I 3 ft 3 ft | 3 ft |

MCk4t)

W
&
173
S
)4—[\:’
SYe
~

. 3 6 9
| f +— x(ft)
reob—" 3
120 K- ft
18ok-ft 0ek
3t
Mk-ft) +
-

0-bK

i & 9
360 / 3.60 k'Ja‘t 0.6k

6ft

3 6 g 06k
> : : - x(ft)
5.40 k-ft 0-6k
g0 |r 94t |
L
MCkft) T 0.6 k

4
N
Qlo
dWw
HIEN
L1\
(??
i

[2okft 20 k-t
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4-51. Draw the moment diagrams for the beam using the 80 Ib/ft
method of superposition. l l l l
()]
121t L o |
golb
R e j
’d
My 124 ——’1-7——12)4
" {AH 5001k —‘i
600 1b
I
M(“):
(b
SO (wf
T TTT L 1] .
- ~ =
3 ziff
12201b,
— 23040
.+_.
Mx)
(o-ft)
"’A< 12 f’
o o h x(
3 2944¢
f v > #
“0lb 600 Ib. ~7200
*4-52. Draw the moment diagrams for the beam using the 250 Ib/ft
method of superposition. Consider the beam to be
cantilevered from end A. 1501b-ft 150 1b - ft

‘l_&rayﬂ } <A_,§_z_4 Bﬂ)

fsa bt | N LR l . l
2500 1b 2500 b
"
) . M (L4)
T 11 | |
y : —
/] + W
~Seoss +

/QI M) 1 o000

: - T
/J zs,wltt_ ‘

+

H(1h)

)
o u.h ~I50 M / . "

[N . Y
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4-53. Draw the moment diagrams for the beam using the 250 Ib/ft
method of superposition. Consider the beam to be simply

supported at A and B as shown. 150 Ib-ft ‘ 150 Ib- ft
<L £2X A B ﬁ )
| 20t |
20 b{f HUle-f)
Al l j : 'i' |Z§W‘
4
2500 2500 l -
(nlﬁ 1b.H - W flbh)
1
1 , y :
75 + 7.5 . W
4s_.u).n HIbF +
T 1
- . P

4-54. Draw the moment diagrams for the beam using 4KN/m 30 kN
the method of superposition. Consider the beam to be
cantilevered from the pin support at A.

50 kN | 8m ‘ 4m ‘
4k [m

80 fN'm
\ N

|}

l: am S 4m
A'r? kn BZ=7/I<A)
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4-54. Continued
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4-55. Draw the moment diagrams for the beam using
the method of superposition. Consider the beam to be
cantilevered from the rocker at B.
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*4-56. Draw the moment diagrams for the beam using
the method of superposition. Consider the beam to be

cantilevered from end C.
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4-57. Draw the moment diagrams for the beam using the
method of superposition. Consider the beam to be simply

supported at A and B as shown.
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