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6-1. Draw the shear and moment diagrams for the shaft. The B
bearings at A and B exert only vertical reactions on the shaft. A

I.w“t Boo mm i
+

! l
250 mm'| 800 mm
24 kN
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6-2. Draw the shear and moment diagrams for the simply 4kN

supported beam.
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6-3. The engine crane is used to support the engine, which 4 i 3 ft i 5 ft
has a weight of 1200 Ib. Draw the shear and moment diagrams -+
of the boom ABC when it is in the horizontal position shown. B
4 41t
C+=M, =0 gFA(S) — 1200(8) = 0; F, = 40001b
4 o
+T2Fy =0 —A, + 5 (4000) — 1200 = 0; A, = 2000 Ib vy UI
3
E3F, =0; A, — 5 (4000) = 0 A, = 2400 1b T ik
> : l ras
ll fy lasers + 1
‘l"lb}ﬂ
~
~bave
*6—4. Draw the shear and moment diagrams for the canti- ~ 2kN/m

lever beam.

The free-body diagram of the beam’s right segment sectioned through an arbitrary
point shown in Fig. a will be used to write the shear and moment equations of the beam.

+13F, = 0; V-22-x)=0 V =1{4-2x}kN, (1)

C+3M =0; —M—2(2—x){%(2—x)} —6=0 M ={-x*+4x - 10)kN-m,(2)

The shear and moment diagrams shown in Figs. b and c are plotted using Eqgs. (1) ﬁ(z.]c) 2(2-X)
and (2), respectively. The value of the shear and moment at x = 0 is evaluated using
Egs. (1) and (2). V
M ——
v
V[ _,=4-20)=4kN Q Yé kn-m
M|_,=[-0+ 4(0) - 10] = ~10kN-m 2=X
@)
V(kN) M (KNm)

4 xm)

} x(m) /—-—/—_'_' -6
(b) = -/0

©
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6-5. Draw the shear and moment diagrams for the beam. 10 kN S kN

2m o, ,, Brn | l l
[5him —. 15 kN-m

e | I[ ) ‘

™ } 2m ‘ 3m

V) 8
1
—+ —x
M(KN-m )
+- )
=
-39
..;5
6-6. Draw the shear and moment diagrams for the 8 kN/m

overhang beam.

3 e [ma "
HENREN
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6-7. Draw the shear and moment diagrams for the 6 kip 8 kip

compound beam which is pin connected at B.
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*6-8. Draw the shear and moment diagrams for the simply 150 1b /ft
supported beam.

300 Ib-ft

¥
Wi
1 12 ft ‘
The free-body diagram of the beam’s left segment sectioned through an arbitrary
point shown in Fig. b will be used to write the shear and moment equations. The
intensity of the triangular distributed load at the point of sectioning is
x

w = 150(12) = 12.5x

Referring to Fig. b,
1
+T13F,=0; 275 — 5(12.5x)(x) -V=0 V = {275 — 6.25x%Ib, (1)
1

C+EM =0; M + E(lZ.Sx)(x)(g) —275x =0 M = {275x — 2.083x%)Ib - ft,(2)
The shear and moment diagrams shown in Figs. ¢ and d are plotted using Egs. (1)
and (2), respectively. The location where the shear is equal to zero can be obtained
by setting V' = 0 in Eq. (1).

0 =275 — 6.25x x = 6.633 ft
The value of the moment at x = 6.633 ft (V = 0) is evaluated using Eq. (2).

M| g o33 = 275(6.633) — 2.083(6.633)* = 1216 Ib - ft 5O Rl pd

475 T T

G.L}"s\\ v\q;{-)

ML bt j mc\ ~L23

N <

~309
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6-9. Draw the shear and moment diagrams for the beam. 15 kip
Hint: The 20-kip load must be replaced by equivalent

loadings at point C on the axis of the beam. l T 2
Al ’ E:]"
< ™ c B

15 Kip 2057 ‘ 4ft | 4ft ‘ 4ft |
1fe
o | 1 |
Ve T4 T 407

1 “w,f]! 0% 2o
X

161 7 223"
Visp)
"7
.
-%33
H(l‘p'ft) 467
333
+ + »°

6-10. Members ABC and BD of the counter chair are
rigidly connected at B and the smooth collar at D is allowed
to move freely along the vertical slot. Draw the shear and
moment diagrams for member ABC.

Equations of Equilibrium: Referring to the free-body diagram of the frame shown

in Fig. a, P=1501b
+12F, = 0; A, =150 =0
A, =1501b
1.5
C+ZM,=0; Np(1.5) = 150(3) = 0
Np = 3001b

Shear and Moment Diagram: The couple moment acting on B due to N is

M p = 300(1.5) = 450 1b - ft. The loading acting on member ABC is shown in Fig. b 154 154t
. - A .5,
and the shear and moment diagrams are shown in Figs. ¢ and d.

V(ib) M(lb-ft)
225
(50 154t
+- Xt . ' @)
¢ 15 3 740 ° ’51/3 Ny
(8 -225
© Dt T i i
(0() iAf!ﬁaIL ’
Ol
Py ; I
30016 =450 Ib-ft
(b)
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6-11. The overhanging beam has been fabricated with
a projected arm BD on it. Draw the shear and moment
diagrams for the beam ABC if it supports a load of 800 Ib.

Hint: The loading in the supporting strut D E must be replaced 800 1b
by equivalent loads at point B on the axis of the beam.
Support Reactions: Al
3 4 ! 6 ft
3
+T2Fy=0; 7800+§(2000)7Cy=0 C, =4001b
j:) 4
SF,=0; —C, + 5(2000) =0 C, = 1600 1b
Shear and Moment Diagram:
5 goon (ib-Jt)
8ooib - e YoR i
l p— a— [ 7‘
1 ] Shasibjs ] xdo H i xqn
P T #¢ ¥ 401 & 1
9 o7 rv e e
-8
~4800
*6-12. A reinforced concrete pier is used to support the 60kN 351N 35kN 35kN  OOKN
stringers for a bridge deck. Draw the shear and moment Im Im|15m|15m]|1lm, 1m
diagrams for the pier when it is subjected to the stringer v * v
loads shown. Assume the columns at A and B exert only
vertical reactions on the pier.
AM |
b0 kA SIW _Tm _Tm 6ok
| 1 1
Vim[im 1 t5m T #5m T im|im |
125 kN 142-5 kA
V(kn)
525 -0
7.5 P
5 Ty R )
-ir§
©00 535
M{kN-m)
87s
Lo 2.0 50 o TO
— : it X m)
“750 +2 750
-50-0 =-60-0
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6-13. Draw the shear and moment diagrams for the
compound beam. It is supported by a smooth plate at A which

P P
slides within the groove and so it cannot support a vertical -
force, although it can support a moment and axial load. l l
@ ] D

Support Reactions: A B -‘&E
From the FBD of segment BD :]

C+3ZMc =0, By(a)—Pa)=0 B, =P L4 a a a—

+13F, = 0; C,—P—-P=0 C,=2pP

B 3F, = 0; B, =0
From the FBD of segment AB

C+EIM, = 0; PQa) — P(a) — M, =0 M, = Pa

+T2Fy =0 P — P = 0 (equilibrium is statisfied!)

P B.' P M
MEA l Be 1 1} F &'
b =T = I % " o A
& % ’ N : W
-P
“fa

6-14. The industrial robot is held in the stationary position 4 in.
shown. Draw the shear and moment diagrams of the arm ABC ‘H*m inBi 50in. c

if it is pin connected at A and connected to a hydraulic cylinder
(two-force member) BD. Assume the arm and grip have a
uniform weight of 1.5 1b/in. and support the load of 40 1b at C.

L
4 ¢ b ] ]
293,34, ** ”ﬁ._ 7.

+ wsps |
372,54 | "30* ’
30800 s
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*6-16. Draw the shear and moment diagrams for the shaft 500 1b
and determine the shear and moment throughout the shaft as 800 Ib
a function of x. The bearings at A and B exert only vertical
reactions on the shaft. A B
! | . Lh |
%x” ‘0.5 ft ‘
| 3ft i 2 ft | = 0.5 ft

For0 < x < 3ft

+1SF,=0. 220-V =0 V=220Ib, Ans.
.'L_ 5
C+SMy,=0. M —220x=0 T"’ iy
25014t
M = (220x) Ib ft, Ans. — U ]
3ft T 2k Tlosfl
For3ft < x <5ft 220 b 1080 b
+1SF,=0; 220-800-V =0 v Booth
V =-581b Ans. In
= m
C+ZMpy,=0; M + 800(x — 3) —220x =0 22016 3t %3
2201
M = {—580x + 2400} Ib ft, Ans.
5001
For5ft <x =6ft M(v JZSGIb-}t
+12F,=0; VvV -500=0 V =500Ib, Ans. TE
CH+IMys=0;  —M —500(55— x) —250 =0
M = (500x — 3000) Ib ft Ans.
MCib-ft)
660

5o
A A
NP

-500
Yiib)
500
220 I
= 3 . Xft)

=580
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*6-17. Draw the shear and moment diagrams for the 300 1b 200 1b /ft
cantilevered beam.

The free-body diagram of the beam’s left segment sectioned through an arbitrary 3001b L (200006016
point shown in Fig. b will be used to write the shear and moment equations. The .
intensity of the triangular distributed load at the point of sectioning is e -=~"" 1 90lb
. : )
w = zoo(g) = 33.33x L 4143000 164t
T 4 2ft 1
Referring to Fig. b, @)

1
+12F, =0;  —300 - 5(33.33x)(x) -V =0 V={=300-1667x31b (1)

C+IM=0; M + % (33.33x)(x)<§) +300x =0 M = {-300x — 5.556x°) Ib- ft (2)

The shear and moment diagrams shown in Figs. ¢ and d are plotted using Egs. (1)
and (2), respectively.

V(Ib)
f— X (f2)
=300
Shear diagram ~ 700
(¢)
M §t)
t X(ft)
-3000
Momont d:airam
(d)
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6-18. Draw the shear and moment diagrams for the beam, 2 kio/f 10 kip 8 kip
and determine the shear and moment throughout the beam ip/ft
as functions of x. K .
g \ \ 7 40 kip-ft
Support Reactions: As shown on FBD. I
Shear and Moment Function: XJ
For0 = x < 6 ft: ot e
+132F,=0; 300-2x—-V =0 wdsrioRp l0Kp  Bip
V = {30.0 — 2x} kip Ans. 206 kpft “dad
o |
e
3 35 B0
C+IMy,=0; M + 216 + 2x(§> —30.0x =0 3o-oa:.-,f‘
F 2.2
M = {—x* + 30.0x — 216} kip - ft Ans. P :lV
pL
For 6 ft < x = 10 ft: QW'
Jo.0kip
+12F,=0; VvV -8=0 V=800kip Ans. Biie
C+ZMyy=0;, —-M—810—x)—40=0 M( 40 vipft
M = {8.00x — 120} kip - ft Ans. V] /0-X
VIeEip)
_— MCkipft)
18-0
Qo0
S B TS L ¥ x(e)
o & o 400
220
-216
6-19. Draw the shear and moment diagrams for the beam. 2 kip/ft
30 kip-ft
\ '
2 <jje 30 %A ) A\ B
Ape 4/ .
- T | |
¥iKip), 1 9.5 kip 4 [5'? 5 ft 5ft | 5ft |
I 4 JL ;
]\ =a-5
10
Migpofe)
25
I—\?\I'-‘:—'H‘
d &S
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supported beam.

*6-20. Draw the shear and moment diagrams for the simply

A

_ﬂ -
|
\

10 kN

10 kN/m

3m 1

3m
Since the area under the curved shear diagram can not be computed directly, the
value of the moment at x = 3 m will be computed using the method of sections. By
referring to the free-body diagram shown in Fig. b,
C+EIM =0; M|—5m + %(10)(3)(1) -203)=0 M| —3m = 45kN-m  Ans.
/OKN 0y Kkl
. EIf"’)'
) }_L - ul 1
( = —~ 4 |
|Feorern Ao = )»Mngm
=0 f"‘”’ .‘\‘-"'-.,_ & >
A % — | 3m )V
e :t Ay =20 I(N X=3m™
3Im 3m ’I (b )
%:,aok” 3#=.ZOI<N
()
V(KN)
20
5
v xLm)
5 5 —x(m)
-5
Moment d/’d;faw
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¢6-21. The beam is subjected to the uniform distributed load

shown. Draw the shear and moment diagrams for the beam.
Equations of Equilibrium: Referring to the free-body diagram of the beam shown 7
in Fig. a,
3 1.5

C+IM, =0 F e 3 2) —23)1.5) =0

FBC = 7.5kN

1 -0 3 —

+12F, =0; Ay+7.5§ -23)=0

A, = 1.5kN

. . . 3
Shear and Moment Diagram: The vertical component of Fy- is (FBC) y =15 5

= 4.5 kN. The shear and moment diagrams are shown in Figs. c and d.

2(3) ki 2 KNIm

340



06 Solutions 46060 _Partl 5/27/10 3:51 PM Page 341 $

© 2010 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.

6-22. Draw the shear and moment diagrams for the 4 kN/m
overhang beam. l l l l l l l l
A o
B |
‘ 3m 3m |

Since the loading is discontinuous at support B, the shear and moment equations must

be written for regions 0 = x < 3mand 3 m < x = 6 m of the beam. The free-body

diagram of the beam’s segment sectioned through an arbitrary point within these two 37"‘/’5
regions is shown in Figs. b and c.

Region 0 = x < 3m,Fig. b ; : ‘5 m

+13F, = 0; —4—%(§x>(x>—V=0 V={—§x2—4}kN M .#T*’" ¢
2
9

C+SM =0; M + %(%x)(x)(g) tax=0 M= {— X = 4"} KN-m (2) 21

Region3m < x = 6 m, Fig.c

+13F, = 0; V —46—-x)=0 V = {24 — 4x} kN (3)

C+=M = 0; —M—4(6—x)B(6—x)} =0 M={-26-x)%kN-m (4) ) i

shear just to the left and just to the right of the support is evaluated using Egs. (1)

The shear diagram shown in Fig. d is plotted using Eqgs. (1) and (3). The value of ( 1 iﬂ [ ¥ Y J‘ [ ;%
and (3), respectively. \/ Le a

Vv

2
= —5(32) —4=-10kN

x=3m—

Vv

ams = 24 — 4(3) = 12kN | CC>

The moment diagram shown in Fig. e is plotted using Egs. (2) and (4). The value of
the moment at support B is evaluated using either Eq. (2) or Eq. (4).

2
M|y, = —5(3) — 4(3) = ~18kN-m

N (len)

x=3m
or
M| _,.=-2(6-3)7=-18kN'm

x=3m

v (kN )

8, ez (&)
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6-23. Draw the shear and moment diagrams for the beam.
It is supported by a smooth plate at A which slides within the

=4 w
groove and so it cannot support a vertical force, although it J
can support a moment and axial load. \ )
= B
S sunanunnvaveliiON| 4
L& -
(L % ] L \
I L
wL ] Ll X
¥
L
o +— I
-wL
*6-24. Determine the placement distance a of the roller w
support so that the largest absolute value of the moment | |
is a minimum. Draw the shear and moment diagrams for
this condition. A-IL. o B—9 _
a |
wL? L
+1SF,=0; wL-———wx=0
2a
L’ w
x=L—_—
2a A -
L? 2
C+=M =0; M pax () + wx<£) - (WL - L)x = a I_
2 2a L 7
Wi - L2 A
L2 24 i La
Substitute x = L — Z; P Y
Mema
wL? L w L*\? + ) Mo
Muyy = (WL —— L - ) - (L- % Y
ma (+) 2a 2a) 2 2a e -l
z4q
L2 2
-5 (t-3)
“ w(t-a) w
L—a i G
M = 0; Mmax(*) - w(L - a)g =0 ,‘L“t)(i 1
2 a-7oé  |oznil
-a
w(L — a)’ L g2 olorwE
Mpax (o= ———— v
max (—) 2 0.23WL g-243 Wl
To get absolute minimum moment, I\‘4 4
ﬂ BMSL\J'
M nax + = M ax -) M ~0-¢1éwi
ook WLe
w L? w
— (L =N - 7 L — 2
L)y =yt = >
L, -o-opz Iun*
2a
L
a=—-, Ans.
V2
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6-25. The beam is subjected to the uniformly distributed
moment m (moment/length). Draw the shear and moment m
diagrams for the beam. \) \) \) ] \, \) \) =
a7 7 7 77 |
Support Reactions: As shown on FBD. L \
Shear and Moment Function:
mL
-0 _ ™m . { sy
+12F, =0; V=0 C - ]
=z P ———— 2
C+SMy,=0; M+mx—mL=0 M=m(L — x) ; 7 1
Shear and Moment Diagram: -
mL - = — )M
M
v
mlL M=m(L-X)
V=0 .
5 % 3 s
6-27. Draw the shear and moment diagrams for the beam. Wo
wol 1 w0x>
n — 0 S it =
12F, = 0; . 2<L (x) =0
5\ B
x =0.7071 L | ®) L\
A
1 [ wox X woL ( L) L | 2L
+2ZMy4 = 0; M+ - — Z) - — - =] =0 = L
C NA ; 2< I3 )(x)( 3) 4 \* 73 ! 3 ! 3
Substitute x = 0.7071L,
M = 0.0345 wyL?
W v pa-
‘l‘(l Fx
L * - WL
T, | %L 1 L 8 ik
ML we o o} b
+ * 2707, 1
300 -,
THh 1%
13-, M 10345 WsL%
:ﬁ;:ﬂ M
! “%
L n L
% —~f
~0006/7441 €
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*6—28. Draw the shear and moment diagrams for the beam. Wwo

AT fﬁfi

W~
W~
W~

Support Reactions: As shown on FBD.

Shear and Moment Diagram: Shear and moment at x = L/3 can be determined
using the method of sections.

W()L W()L WoL
+ =0 R = = —
1SF, =0; 3 g V=0 v=—r
WoL L W()L(L)
+IMya=0; M+ =) - Z)=
Q Na = 0; 6 (9) 3 \3 0
_5W0L2
Y

3
1" L
b
T
X
o
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¢6-29. Draw the shear and moment diagrams for the beam. 5kN/m 5kN/m

45m ‘ 45m——

From FBD(a)
+1SF,=0; 9375 -05556x*=0 x=4.108m

C+SMy,=0; M+ (0.5556)(4.1082)<4'13£) — 9.375(4.108) = 0

M = 25.67kN-m

From FBD(b)
C+EIMpyy =0; M + 11.25(1.5) — 9.375(4.5) = 0
M =2531kN-m

294 =125k

+5)49): 125k
------ s B
. ]
L |
3m | 45 T15m
G375 kA 13025 K
0-5556 X%
(8113 2
b"‘\ @)
X
Q375 kA 1}
£5)4.5)% 1125 1l
------ v
r ‘[JM ()
3m §m
V(KkN) 9375 i
MOKN.m)
9315 257 _253
H
\ :.' . i |
Cl m xm 1 45 ; Hom;
-/.875
/3125
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6-30. Draw the shear and moment diagrams for the 150 1b/ft 150 Ib /£t
compound beam.

==A ‘B C

6 ft — 3 ft—]

Support Reactions:

From the FBD of segment AB
C+ZIMp=0; 450(4) — A, (6) =0 A, =300.01b
+T2Fy =0 B, — 450 + 300.0 =0 B, =150.01b
B IF, =0 B, =0
From the FBD of segment BC
C+3ZMc = 0; 225(1) + 150.033) — M =0
Mc = 675.01b-ft
+T2Fy =0 C, —1500—-225=0 C, =37501b
B IF, = 0; C,=0
Shear and Moment Diagram: The maximum positive moment occurs when V' = 0.

+13F, =0; 1500 —125x* =0  x = 34641t

C+3ZMy,=0;  150(3.464) — 12.5(3.4642)(3":#) ~ My = 0

Mo = 346.41b- ft

FUE)(3)2225 1}

+(50)(6) 24501

-

———r

IR N M
— Cx
[t 41 el cy
A g

V) M)
300 34
e g g
1 L 1 + + t)
o 258 ' X Z254 x4
-150
-3
7 —475
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6-31. Draw the shear and moment diagrams for the beam and

determine the shear and moment in the beam as functions of x. Wo
Support Reactions: As shown on FBD. A B
Shear and Moment Functions: —Xx—
L L
For0 = x < L/2 2 2 ‘

3WOL

+T2Fy=0; —wex —V =0
Wo
V= T(SL — 4x) Ans.
TwoL?  3wyL
C+3ZMpy,=0; M;O4 - MZ) x+w0x(§)+M=O
M =20 (—12¢ + 18Lx - 7L?) Ans.
24
ForL)2 <x =L
1 2W0
+T2Fy:0; V_E[T(L_X)}(L_X)ZO
V=%(L—x)2 Ans.
C+3SMy, = 0; —M—l{%@— )}(L— )(L_x)—o
Na = U 2 L X X 3 =
_ W 3
M 3L(L X) Ans.
Wk
v L
17
%‘E = 1
L 1. d
s’k T F
+
U
Tt ’—iﬁ
=, ] o
[on

+ Lx_ (e
(L-x)?_...._ -
& ILE
1<
v
M
ki AN
&
1 X + +— X
Lt
7y
/1y
24
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for the pin.

+13F, = 0;

*6-32. 'The smooth pin is supported by two leaves A and B
and subjected to a compressive load of 0.4 kN/m caused by
bar C. Determine the intensity of the distributed load w,, of
the leaves on the pin and draw the shear and moment diagram

2(w0)(20)(%) — 60(0.4) = 0

wo = 1.2kN/m

0.4 kN /m

Wo Wo

—

20 mm 60 mm 20 mm

o4 KN/p

[TTIIITIL

Ans.

o
”p.l: EPmrm ’-L

vin)

|/”’\
I: bt x

\/

Ski:

+13F, = 0;
Segment:
+T2Fy = 0;
C+2M = 0;

the snow loading on its bottom surface is trapezoidal as
shown, determine the intensity w, and then draw the shear
and moment diagrams for the ski.

%w(l.S) + 3w + %w(l.S) - 180 =10

w = 40.0 Ib/ft

30 -V =0 V =3001b

M —30(05)=0; M =1501b-ft

1z
Minm) 3¢
m
i i "
' T+ T ——t x
*6-33. The ski supports the 180-Ib weight of the man. If 180 Ib

wer
Ans. hda B “

s
\‘3'.—%{} -
Tl jon

LY

miidfr)

LA
|”‘/‘ .,
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6-34. Draw the shear and moment diagrams for the
compound beam.

V()
1.5
2.5

-25

~il.s

M ks )

3,75 |

e

=Z|

6-35. Draw the shear and moment diagrams for the beam
and determine the shear and moment as functions of x.

200 N/m

Support Reactions: As shown on FBD. - _a ZOLB
Shear and Moment Functions: 7 X J ‘
For0 = x < 3m: 3m 3m \
+1SF,=0; 200-V =0 V=200N Ans.
+(Zo0)(3)=300Ki
C+SMy,=0;, M —200x=0 oot |
N )
M = (200 x) N-m Ans.  — - J
4 5m T/TJ"\
For3m<x =6m: 200 “5m oon
1{200
+13F, = 0; ZOOfZOO(x73)77{f(x73)}(x73)7V=O \
20 3 b M
100 "
V= {—sz + 500} N Ans. 2004
SetV = 0,x = 3.873m 5(F%x3)oed)
2000X-3)
1 200 x—3 o -::‘1' v
C+SMy, = 0; M+E{T(x—3)}(x—3)( . ) i i!)m
-3 &mj ‘ I > '
+ 200(x — 3)(%) —200x =0 b5 T x—?]
100
M = {—Tf + 500x — 600} N-m Ans.
V(W) MON-m)
Substitute x = 3.87m, M = 691 N+-m boo 69!
200—-—-_ﬂ\1 ‘
4 4 + v (m
¢ 3 38 X al 3 8 P
-700
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*6-36. Draw the shear and moment diagrams for the 18 kN
6 kN

overhang beam.

/B KN 6k e Nl l }
M = 10kN-m
A A L ‘HZmJHZm——‘RZm*—‘
"'O—? ) 10 kn-m
3
¢ 2m am Zm
Ay=3:5 K By=207 KA
@)
V(KN) M(kAm)
-
35 = l\ T : x{m)
. | 0
=z 7 T Xlm) *
b 0
~ig5 -2z
Shear d?‘a;mm Moment draifdm
(b
(e)
6-37. Draw the shear and moment diagrams for the beam. 50 kN/m 50 kN/m

50 KNfp 50 KNfp,
AR 8 . Y.
b | 45m | 45m |
&5 m 1 + T
1125 kN 1255
V(kN)
125

-
1i2-5*
Mky.m)
/69
-
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3000 Ib
250 Ib /ft

6-38. The dead-weight loading along the centerline of the
airplane wing is shown. If the wing is fixed to the fuselage at
A, determine the reactions at A, and then draw the shear and
moment diagram for the wing.

400 Ib /ft

Support Reactions: e
+T2Fy=0; -1.00 -3 +15-125-0375—- A, =0
A, = 9.375kip Ans. — ?.?ﬂsk.p
e e ]
C+IM,=0; 1.00(7.667) + 3(5) — 153 - sl :
— P A
+ 1.25(2.5) + 0.375(1.667) + M4 = 0 T3 7™ .
_ : _ : 2esife [ .‘33!;{“”‘
M, = 18.583 kip - ft = 18.6 kip - ft Ans. i xip
B IF, =0 A, =0 Ans.

Shear and Moment Diagram: woER)

186

=i}2
6-39. The compound beam consists of two segments that w
are pinned together at B. Draw the shear and moment
diagrams if it supports the distributed loading shown.
2wl 1w , A c
+ =0, ——--—xr=
TSR, =0 S = B
7 1 2/3L —1/3 L—
=,/ L =038L
27
1 1 2wL L«.__Zﬁ-
w
C+2XM =0 M + 52(0.385L)2(§)(0.385L) — 7(0.385[‘) =0 Kr /8
2 : )4
M = 0.0190 wL ‘2 L
1A 2%
27 vl
‘ \)
2wl
27
7 S
0,385 L l
" 23
3%’1" w 54 w‘L
L
=+ A X
2k S 0.0190 wi L\’ S
27 W 2
—— LY
s W
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10 kN 10 kN

*6—40. Draw the shear and moment diagrams for the
simply supported beam.

Iokd  Jokd

X

% \)15 Kal-m
i ~Zm 2Zm 2m

Ayl5 K By=125 KA

V(Kka)

75 &
£ xcm)
-2:5

-5

Shear a’m'?mm
by

M kn-m)

6
} x(m)

i T S

-5
meoment- a/f?o(fam

&)

6-41. Draw the shear and moment diagrams for the
compound beam. The three segments are connected by l l
pins at B and E. B l E

| °] |

2 kN 0.8 %Nfm 3 kN

7\

s A i S N o

r'!u r".rf-o—l GqTI-s T 2o

| KN 265N 2N | kn
(kN)
J 28
2
4 08
T I\\\l + lI 14
08 -‘;
-2 >,
M(okm)
P 2
—t e 1 /L\
T t T + +x
e
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6-42. Draw the shear and moment diagrams for the 5kN/m
compound beam.
Y Y Y
[ °) I
Support Reactions: == A B = ¢ #
From the FBD of segment AB ‘ 2m 1m 1m —

C+ZM, =0; B, (2) —10.0(1) =0 B, = 5.00 kN
+T2Fy =0 A, =100 +5.00 =0 Ay = 5.00kN
From the FBD of segment BD
C+IMq=0; 5.00(1) + 10.0(0) — D, (1) =0
D, = 5.00 kN
+T2Fy:O; ¢, —500—-500-100=0
C, =20.0kN
B IF, =0; B, =0
From the FBD of segment AB
B IF, =0; A, =0
Shear and Moment Diagram:

5¢2)= 10.0 kN Blf 5(2) =/0-0 kN V(kﬂ) MCkl‘Jm)

------ S, Tt M— 10-0
Ac L P A l .
| | 5.00 500 250
Im Im [ im Im L \ 2 3
} 1

1—x(m 1 xem)

' N 2

-5.00

=/0-0

-750

6—43. Draw the shear and moment diagrams for the beam. 8 kip
The two segments are joined together at B.

iy, o
3<Fe A A I _QlC
A ‘—L——mm'

3 kip /it

] =

3 ! L ok

s 1 8 | S Y R 8 ft
corpft|8"P 1 3mirfe

(

20 kip 1L Eip 12 bip
Vkip}

20

M (kip-fe)
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*6—44. Draw the shear and moment diagrams for the beam. w
1/° -
Fr= g/ x*dx = 21.33kip 8 kip/ft
0 w=s 2
183
g SN /v/'/flél/
TR TR x
A B

8 ft |

i

Vxip)

213 \
x

A
&ri3 ~e _ 4—" '
i ;

-128

*6-45. Draw the shear and moment diagrams for the beam. w

F /dA /Ld WO/L%J oL
= = wax = —5 X X = —
i A 0 L? ) 3

L
/ xdA dl Xdx
A

o _ P _ 3L x
U e mE
A 3 | L |

wol  wox®

+12F, =0; —_— = =
T y k) 12 3L2
1 1/3
= (Z) L =0.630 L
woL w0x3(1 )
+2XM = 0; — — x| —-—M=0
¢ o W
woLx — wox*
M = — w,l
12 1212 = =
Substitute x = 0.630L
Mt
M = 0.0394 wyL? x
—|_._...—._+
O-é30L \-ﬂ
4
M 0.039% wht <
L
T —x
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6-46. Draw the shear and moment diagrams for the beam. w Coom
w = w sin (Zx)

Lo 2wo L
Fr= [dA=wy | sin(—x |dx = N
A 0 L o A

L L
o s v L L
b—i'j,-——'l‘ S~al gkt " 2 ‘ 2 ‘
ELL_('F 1 v N
T * “Le g Yo ¥ & =z
N I ]
L Al X
-H#Lb/

647. A member having the dimensions shown is used to
resist an internal bending moment of M = 90 kN-m.
Determine the maximum stress in the member if the moment
is applied (a) about the z axis (as shown) (b) about the y axis.
Sketch the stress distribution for each case.

The moment of inertia of the cross-section about z and y axes are

I, = % (0.2)(0.15%) = 56.25(10%) m*

1
I, = 5(0.15)(0.23) = 0.1(10"%) m*
For the bending about z axis, ¢ = 0.075 m.

Mc  90(10%) (0.075
Omax = 7C = M = 120(106)Pa = 120 MPa Ans.
I 56.25 (107

For the bending about y axis, C = 0.1 m.

Mc  90(10%) (0.1)
=—="——"—"2"=190(10°Pa = 90 MP Ans.
O max 1, 0.1(10°) 90 (10°)Pa = 90 MPa ns

The bending stress distribution for bending about z and y axes are shown in Fig. a
and b respectively.
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*6—48. Determine the moment M that will produce a Q05in \Si 05i
maximum stress of 10 ksi on the cross section. 0.4 il b} -
2D 1N
Ne
3in.
"M
10 in. ﬁ
_i~_ID
H\ -—0.5in.

Section Properties:
__ZyA
Y

_ 025(4)(05) + 2[2(3)(0.5)] + 5.5(10)(0.5)

4(0.5) + 2[(3)(0.5)] + 10(0.5) = 3401,

Ing = 11—2(4)(0.53) + 4(0.5)(3.40 — 0.25)
+ 2[% (0.5)(3%) + 0.5(3)(3.40 — 2)?

+ % (05)(10%) + 0.5(10)(5.5 — 3.40)

= 91.73 in*

Maximum Bending Stress: Applying the flexure formula

Mc
Omax — T
M (105 - 34)
B 91.73
M = 1292 kip-in = 10.8 kip - ft Ans.
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*0-49. Determine the maximum tensile and compressive e g .
bending stress in the beam if it is subjected to a moment of ,0'5 L7 i ;0‘5 1n.
_ ; 0.5 in.
M = 4kip-ft. C
3in.
"M
10 in. ¥
_~_ID
ﬁ\ — 0.5 in.

Section Properties:
SyA

Y=7sa

_ 025(4)(05) + 2[2(3)(0.5)] + 55(10)(0.5)

H05) + 2AG)05) + 1005 0

Ina = %(4)(0.53) + 4(0.5)(3.40 — 0.25)2
+ 2[% (0.5)(3%) + 0.5(3)(3.40 — 2)?

+ % (05)(10°) + 0.5(10)(5.5 — 3.40)?

= 91.73 in*

, R . Mc

Maximum Bending Stress: Applying the flexure formula o, = T
4(10°)(12)(10.5 — 3.40) ) .
(0)max = = 3715.12 psi = 3.72 ksi Ans.
91.73
_ 41012G40) 1779.07 psi = 1.78 ksi A

(0 )max = 9173 = .07 psi = 1. si ns.

i
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6-50. The channel strut is used as a guide rail for a trolley.
If the maximum moment in the strut is M = 30 N-m, C

determine the bending stress at points A, B, and C. i 5 mm
J‘émm
_2.5(50)(5) + 7.5(34)(5) + 2[20(5)(20)] + 2[(32.5)(12)(5)] mE m
r = 50(5) + 34(5) + 2[5(20)] + 2[(12)(5)] 30 mm
= 13.24 mm - 5 mm
1 O
_ | 3 _ 2 5
I {12 (50)(5°%) + 50(5)(13.24 — 2.5) } s 7o o mo e ™™
&h &h
1 (IRt
+ {E (34)(5°) + 34(5)(13.24 — 7.5)2} Lt ‘\‘\\\\‘\
(I
) ‘\‘mu‘
1 1
+ Z{E (5)(20%) + 5(20)(20 — 13.24)2} + Z[E (12)(5%) + 12(5)(32.5 — 13.24)*
Le S0mm |
= 0.095883(10 %) m* [ T] I
— _Shm
— cmn_L 7
30(35 — 13.24)(1073 ——
g = ( X ) = 6.81 MPa Ans. 1 ( T
0.095883(107%) 3
30(13.24 — 10)(1073
o = ( X ; ) _ 1.01 MPa Ans. smel
0.095883(107°) U'l-—h—#-ﬂ
EMMZ 10mm k \~‘;MM
7 1mm
M
6-51. The channel strut is used as a guide rail for a 50 mm
trolley. If the allowable bending stress for the material is C
Ta0w = 175 MPa, determine the maximum bending moment y 5 mm
the strut will resist.  [5mm
———
30(13.24)(107°
_ 00329A0T) 4y vrpy Ans. 30 mm
0.095883(107%)
) _A Smm |
_ U ZYA25(50)(5) + 7.5(34)(5) + 2[20(5)(20)] + 2[(32:5)(12)(5)] _ AT
YT sa 50(5) + 34(5) + 2[5(20)] + 2[(12)(5)] 13:24 mm TV T s mm
Smm 7 mm |10 mm7 mm

I =

{% (50)(5%) + 50(5)(13.24 — 2.5)2} + {% (34)(5%) + 34(5)(13.24 — 7.5)2}

+ 2{11—2(5)(203) +5(20)(20 — 13.24)2} + 2[11—2(12)(53) +12(5)(32.5 — 13.24)2}

= 0.095883(107%) m*

M M(35 — 13.24)(1073
o==5 175(10% = ( )0
I 0.095883(107%)
M =771 N-m Ans.
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*6-52. The beam is subjected to a moment M. Determine
the percentage of this moment that is resisted by the
stresses acting on both the top and bottom boards, A and
B, of the beam.

Section Property:
1 1 _
I= E(0.2)(0.23) — B(0.15)(0.153) = 91.14583(10°) m*

Bending Stress: Applying the flexure formula

_My
g = 7 .
M(0.1) f—=———F
op=—————=1097.143 M S 7
91.14583(107°%) Vi
3 176.19mm
M(0.075)
op=—— =887 M
91.14583(10°°) =% 9;4
Z 1097743 M

Resultant Force and Moment: For board A or B 822857 M

1
F = 822.857M(0.025)(0.2) + - (1097.143M — 822.857M)(0.025)(0.2)

= 4.800 M

M' = F(0.17619) = 4.80M(0.17619) = 0.8457 M

M/
o-c< M) = 0.8457(100%) = 84.6 % Ans.

¢0-53. Determine the moment M that should be applied
to the beam in order to create a compressive stress at point
D of op = 30MPa. Also sketch the stress distribution
acting over the cross section and compute the maximum
stress developed in the beam.

Section Property:
1 1 -
1 =-502)(02°) = 5 (0.15)(0.15) = 91.14583(10°) m*

Bending Stress: Applying the flexure formula

_My
7T
M(0.075
30(106) — #
91.14583(10°)
M = 36458 N-m = 36.5kN-m Ans.
M 36458(0.1
Oy = e = _36458OD 40 MPa Ans.
I 91.14583(10°°)
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6-54. The beam is made from three boards nailed together
as shown. If the moment acting on the cross section is
M = 600 N -m, determine the maximum bending stress in
the beam. Sketch a three-dimensional view of the stress
distribution acting over the cross section.

~(0.0125)(0.24)(0.025) + 2 (0.1)(0.15)(0.2)
- 0.24 (0.025) + 2 (0.15)(0.02)

= 0.05625 m

<

1= %(0.24)(0.0253) + (0.24)(0.025)(0.04375?)

+2 (%)(0.02)(0.153) + 2(0.15)(0.02)(0.04375%)

= 34.53125 (10" %) m*

Mc
Omax — OB = I

600 (0.175 — 0.05625)
34.53125 (107°)

= 2.06 MPa Ans.
My 600 (0.05625)
oc=— == 0977 MPa
I 34.53125 (107°)
6-55. The beam is made from three boards nailed together 25 mm
as shown. If the moment acting on the cross section is /
M = 600 N -m, determine the resultant force the bending /
stress produces on the top board. 150 mm
0.0125)(0.24)(0.025) + 2 (0.15)(0.1)(0.02
Y= : ())(24 (())(025) -I)- 2 (0(15)(0)%2))( ) = 005625 m - oo
’ ’ ’ ’ 200mm M = 600 N-m
1
I=4 (0.24)(0.025% + (0.24)(0.025)(0.04375%)
1 3 2
+2 (E)(0.02)(0.15 ) + 2(0.15)(0.02)(0.04375%) 09774 A
802 §
= 34.53125 (10"%) m* 9{ 2 S430M P
My 600(0.05625)
oy =——=—""—"—""—=09774 MPa
I 34.53125(107%)
My  600(0.05625 — 0.025)
op=—"= = 0.5430 MPa
I 34.53125(107%)
1
F = 5(0.025)(0.9774 + 0.5430)(10°)(0.240) = 4.56 kN Ans.
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*6-56. The aluminum strut has a cross-sectional area in the
form of a cross. If it is subjected to the moment M = 8 kN +m,
determine the bending stress acting at points A and B, and show
the results acting on volume elements located at these points.

Section Property:
I= %(0.02)(0.223) + 11—2 (0.1)(0.02%) = 17.8133(107°) m*

My

Bending Stress: Applying the flexure formula o = A i"g
Ty =449 MPa,
8(10%)(0.11)
op=——"—"———=494MPa (C) Ans.
17.8133(107°)
8(10%)(0.01)
op=——"———=449MPa (T) Ans.

17.8133(107°)

¢0-57. The aluminum strut has a cross-sectional area in the
form of a cross. If it is subjected to the moment M = § kN - m,
determine the maximum bending stress in the beam, and
sketch a three-dimensional view of the stress distribution
acting over the entire cross-sectional area.

Section Property:

1 1 B
I= E(0.02)(0.223) + E(0.1)(0.023) = 17.8133(10 %) m*

R . Mc My
Bending Stress: Applying the flexure formula o, = T and o = N
8(10%)(0.11)
Omax = ————————— = 49.4 MPa Ans.
17.8133(107%)
8(10%)(0.01)
[ =————————— =449 MPa
YOOI 17 8133(107%)
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6-58. If the beam is subjected to an internal moment
of M = 100 kip - ft, determine the maximum tensile and
compressive bending stress in the beam.

Section Properties: The neutral axis passes through centroid C of the cross section
as shown in Fig. a. The location of C'is

54 4(8)(6) — 2[77(1.52)]

y = = = 4.3454in.
A 8(6) — m(1.5%)

Thus, the moment of inertia of the cross section about the neutral axis is

I =31+ Ad?

- 11—2(6)<83> + 6(8)(4.3454 — 4)% - Dw(w“) + 77'(1.52)(4.3454 - 2)2]

218.87 in*

Maximum Bending Stress: The maximum compressive and tensile bending stress
occurs at the top and bottom edges of the cross section.

_ Mc  100(12)(4.3454)

2 in.

(om)r == = gg = 238ksi (D) Ans.
My  100(12)(8 — 4.3454
() = Ty _ 10 )2(1 5 ) _ 200ksi (C) Ans.
é
N - A
(a)
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6-59. If the beam is made of material having an
allowable tensile and compressive stress of (oj0w); = 24 ksi
and (o 0w)e = 22 ksi, respectively, determine the maximum
allowable internal moment M that can be applied to the beam.

2 in.

Section Properties: The neutral axis passes through centroid C of the cross section
as shown in Fig. a. The location of C'is

54 4(8)(6) — 2[77(1.52)]

YTIAT g6 - #(19)

= 4.3454 in.

Thus, the moment of inertia of the cross section about the neutral axis is

I =31+ Ad*

1 1
5 O(8") + 6(8)(4.3454 — 4)” - [477(1.54) + m(1.5%)(4.3454 — 2)2}

218.87 in*

Allowable Bending Stress: The maximum compressive and tensile bending stress
occurs at the top and bottom edges of the cross section. For the top edge,

My

M(8 — 4.3454)
(UEIIOW)C = I 9 22 = T At oom

218.87

1ft
M = 1317.53kip 1 = 109.79 kip - f
317.53kip 1n<12m.> 09.79 kip - ft

For the bottom edge,

R O )
max Jt I’ 218.87

11t
M = 1208.82 kip i
P ln(12 in.

) = 101 kip - ft (controls) Ans.

Y

4 (a)
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*6—60. The beam is constructed from four boards as y
shown. If it is subjected to a moment of M, = 16 kip - ft,

determine the stress at points A and B. Sketch a \
three-dimensional view of the stress distribution. C A

_2[5(10)(1)] + 10.5(16)(1) + 16(10)(1)
y= 2(10)(1) + 16(1) + 10(1)

M. = 16kip-t] |2
= 9.3043 in. 14in lin.

=2 11—2(1)(103) + 1(10)(9.3043 — 5)* | + %(16)(13) + 16(1)(10.5 — 9.3043)? /‘ ‘ .

1
+ ﬁ(1)(103) + 1(10)(16 — 9.3043)> = 1093.07 in*

Mc  16(12)(21 — 9.3043)
o, = 02

I 1093.07 = 2.05 ksi Ans.

My _ 16(12)(9.3043)

] 1093.07 = 1.63 ksi Ans.

op =

*6-61. The beam is constructed from four boards as shown. y
If it is subjected to a moment of M, = 16 kip - ft, determine

the resultant force the stress produces on the top board C. \
C

_2[5(10)(1)] + 10.5(16)(1) + 16(10)(1) .
y= 2(10)(1) + 16(1) + 10(1) = 9.3043 in. Z

/
M. =16kip-t] |2

14in, Lin.

=2 11—2(1)(103) + (10)(9.3043 — 5)% | + %(16)(13) + 16(1)(10.5 — 9.3043)? /‘

+ 11—2(1)(103) + 1(10)(16 — 9.3043)> = 1093.07 in* A 20M

e
16(12)(21 — 9.3043 105 ; "
= Me _ (12)( ) = 2.0544 ksi S As

I 1093.07 3 02418

[}

My  16(12)(11 — 9.3043)

i 1093.07 = (0.2978 ksi

Op —

(FR)c = %(2.0544 +0.2978)(10)(1) = 11.8 kip Ans.
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6-62. A box beam is constructed from four pieces of
wood, glued together as shown. If the moment acting on the
cross section is 10 kN - m, determine the stress at points A
and B and show the results acting on volume elements
located at these points.

The moment of inertia of the cross-section about the neutral axis is

1 1 -
1= 02)(03) = 5 (0.16)(025°) = 02417(107) m".

For point A,y, = C = 0.15 m.

My, 10(10%) (0.15) .
ou= = —5 = 6.207(10°)Pa = 6.21 MPa (C) Ans.
I 0.2417(1073)

For point B, yp = 0.125 m.

_ Myg  10(10%)(0.125) o
op = = — = 5.172(10°)Pa = 5.17 MPa (T) Ans.
I 0.2417(1073)

The state of stress at point A and B are represented by the volume element shown
in Figs. @ and b respectively.

20mm\\

250 mm

\160 mm/

M =10kN'm

20 mm
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bending stress.

about the neutral axis are

IS ! (a3):i4 IC:

= — 4
12 12 o

1
4

_ Mc

(o- )s _ _ M@/2) oM

Is a*/12 S

For the circular cross section, ¢ = r.

(o-max) :%_ Mr 7ﬂ

I, 1 4 wr’
ar

4
It is required that
<0-max>S = <0-max>C

oM _ 4M

6-63. Determine the dimension a of a beam having a
square cross section in terms of the radius r of a beam with
a circular cross section if both beams are subjected to the
same internal moment which results in the same maximum

Maximum Bending Stress: For the square cross section, ¢ = a/2.

Ny

Section Properties: The moments of inertia of the square and circular cross sections

Ans.

view of the stress distribution acting over the cross section.

= %r“ - %(0.54) = 0.0490874 in*

Mc  300(12)(0.5)
OpN = 7 = -

I~ 00400874 67k

My 300(12)(0.5 sin 45°)

op =

I 00490874 Ik

*6—64. The steel rod having a diameter of 1 in.is subjected to
an internal moment of M = 300 Ib - ft. Determine the stress
created at points A and B. Also, sketch a three-dimensional

Ans.

Ans.
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*0—65. If the moment acting on the cross section of the beam
is M = 4 Kkip - ft, determine the maximum bending stress in
the beam. Sketch a three-dimensional view of the stress
distribution acting over the cross section.

The moment of inertia of the cross-section about the neutral axis is
I= S (12)(15%) — S (10.5)(12%) = 1863 in*
12 2

Along the top edge of the flange y = ¢ = 7.5 in. Thus

_ Mc _ 4(10°)(12)(7.5)

O max I 1363 = 193 psi Ans.

Along the bottom edge to the flange, y = 6 in. Thus

_ My _410%)(12)(6)

7 1363 = 155 psi

6-66. If M = 4Kkip-ft, determine the resultant force the
bending stress produces on the top board A of the beam.

The moment of inertia of the cross-section about the neutral axis is
I= L (12)(15%) — L (10.5)(12%) = 1863 in*
12 72

Along the top edge of the flange y = ¢ = 7.5 in. Thus

Mc  4(10%)(12)(7.5) _
Omax — T = T = 193.24 ps1

Along the bottom edge of the flange, y = 6 in. Thus

_ My _4(10°)(12)(6)

7 1363 = 154.59 psi

The resultant force acting on board A is equal to the volume of the trapezoidal
stress block shown in Fig. a.

1
Fr =5 (19324 + 154.59)(15)(12)

= 3130.431b

= 3.13 kip Ans. Ca)
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6-67. The rod is supported by smooth journal bearings
at A and B that only exert vertical reactions on the shaft. If
d = 90 mm, determine the absolute maximum bending
stress in the beam, and sketch the stress distribution acting
over the cross section.

_ M max €
Omax — I

_ 11.34(10%)(0.045)
7(0.045%

158 MPa

12G3):36.0 kA 5(2)015)=9.0 kA

e |
i ! S
i r i G
]
L1
1-5m | [15m |osh Im |
16-5 kA 285 kA
V(KN)
-5
/6 \ 9.00
K b x CMj
° 1378 ¥ AP
-/9.5
MCKN-m)
124
+5
} . —X(m
1375
-4.50

Absolute Maximum Bending Stress: The maximum moment is M,
as indicated on the moment diagram. Applying the flexure formula

= 1134kN-m

12 kN/m
Uy,
A i = i ] (%
i 3m 1 1.5m —
Ans.
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Allowable Bending Stress: The maximum moment is M., = 11.34 kN - m as
indicated on the moment diagram. Applying the flexure formula

M ax €

Omax — Tallow — I

11.34(10%)(4)
= 7 (d\4
i)

d = 0.08626 m = 86.3 mm Ans.

180(10°)

*6-68. The rod is supported by smooth journal bearings at 12 kN/m
A and B that only exert vertical reactions on the shaft.
Determine its smallest diameter d if the allowable bending m
stress is o 10w = 180 MPa. AlF B ]
B
1 3m 1 1.5m —

( —
F 3 b |
1-5m | 15m |oSh Im |
165Kk 285 kil
V(KN)
165

\ 9.00
N xim)
137 2 45

>\J -19.5

o

150 kN - m with the least amount of bending stress. What is
that stress?

Section Property:

For section (a)

— i 3) _ i 3 -3 4
= 2(0.2)(0.33) 5 (017)(0.3)° = 0.21645(10 %) m

300 mm

M CkN-m)
-4
! '1' ji—x‘."")
1375
-4.50
¢0-69. Two designs for a beam are to be considered. ——200 mm-——f
Determine which one will support a moment of M = [——200mm— [T =0 rm
(R AN

15 mm [ A

30 mm
-t
For section (b) (a) (b)
_ 1 3 1 3) — -3y .4
1= E(o.z)(o.36 ) - E(0.185)(0.3 ) = 0.36135(10 %) m
. . . Mc
Maximum Bending Stress: Applying the flexure formula o ,,x = 3
For section (a)
150(10%)(0.165)
Omax — TN A A 1—3 = 114.3 MPa
0.21645(107°)
For section (b)
150(10%)(0.18)
Omax = N azqmc/1m—3\ 74.72 MPa = 74.7 MPa Ans.
0.36135(107°)
369
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6-70. The simply supported truss is subjected to the central _
distributed load. Neglect the effect of the diagonal lacing and 100 Ib/ft 575 in~1?
determine the absolute maximum bending stress in the truss. l 1 1 1 I I I l

The top member is a pipe having an outer diameter of 1 in. [ |
and thickness of % in., and the bottom member is a solid rod ‘ ‘
having a diameter of % in. ‘ 6 ft | 6 ft ‘ 6 ft |

_ SYA 0+ (650)(04786)
YT TSA T 04786 + 0.19635

= 4.6091 in.

1 1 1
I= Z’JT(O.S)4 - 177(0.3125)4 + 0.4786(6.50 — 4.6091)% + Z77(0.25)4

+ 0.19635(4.6091)> = 5.9271 in*
M oy = 300(9 — 1.5)(12) = 27000 Ib - in.

_ Mc _ 27000(4.6091 + 0.25)

Tmax = =y = 5.9271

= 22.1 ksi Ans.

500 16
S00 . S'j-f'

-

i

500:’ b

_il[vj " Ay
v

6-71. The axle of the freight car is subjected to wheel
loadings of 20 kip. If it is supported by two journal bearings at
C and D, determine the maximum bending stress developed
at the center of the axle, where the diameter is 5.5 in.

60 in.

10 in.
20 kip 20 kip

Mc 200275
Ogy = e = % = 122 ksi Ans.
I 3 m(2.75)

20 kip
Mumas =200 kip -in

)
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*6-72. The steel beam has the cross-sectional area shown. wo
Determine the largest intensity of distributed load w, that it
can support so that the maximum bending stress in the beam
does not exceed o, = 22 ksi. m m
= —1
| 12 ft 12 ft |
8in.
- |
——0.301in.
0.3 in. im in.
Support Reactions: As shown on FBD. 030
. .
Internal Moment: The maximum moment occurs at mid span. The maximum T
moment is determined using the method of sections.
2
Section Property: ! “»
1= i(8)(10 6)) - L@ 7)(10°) = 152.344 in* il f e
12 ' 12 '
Absolute Maximum Bending Stress: The maximum moment is M, = 48.0w, as | 24t ] 12 ft
indicated on the FBD. Applying the flexure formula 6oul, LA
_ Mmax c if'.-r.)fh&) 6.0 “ﬂ
Omax — I i o
1y _ 480w (12)(5.30) = | Y nai=480%
= I
152.344 NPT
wo = 1.10 kip/ft Ans. 601,
¢0-73. The steel beam has the cross-sectional area shown. If wo
wo = 0.5 kip/ft, determine the maximum bending stress in
e /v/(l/l/ m
= =
| 12 ft 121t |
8in.
i 0.30 in.
Support Reactions: As shown on FBD. 0.3 in.EIm in.
Internal Moment: The maximum moment occurs at mid span. The maximum T 0.30 in.
moment is determined using the method of sections.
Section Property: $o5X24)16.0 kip
S (8)(10.6%) — La 7)(10°) = 152.344 in* el I
12 ' 12 ' = .
. . . I, 1
Absolute Maximum Bending Stress: The maximum moment is M ,,, = 24.0 kip - ft 72fe | 72/t
as indicated on the FBD. Applying the flexure formula 3.0 kip 3okip
M pax €
Omax — H}aX ',i‘(ﬂ‘TCfZ) 3.0 kip
24.0(12)(5.30) il
= - - = 0 kp-
152.344 | IMz 240 kp R
8ft 44t
= 10.0 ksi Ans. 30xp
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6-74. The boat has a weight of 2300 1b and a center of
gravity at G. If it rests on the trailer at the smooth contact A
and can be considered pinned at B, determine the absolute
maximum bending stress developed in the main strut of
the trailer. Consider the strut to be a box-beam having the

dimensions shown and pinned at C.

Boat:

H5SF, =0, B, =0

CH+IMy=0; —N4O) + 2300(5) =0
N, = 127778 1b

+13F, =0; 127778 — 2300 + B, = 0
B, = 1022.221b

Assembly:
C+IMc =0 —Np(10) + 2300(9) = 0
Np =20701b

+13F,=0; C,+ 2070 — 2300 =0
C, =2301b
I= RS (1.75)(3)° — RS (1.5)(1.75)* = 3.2676 in*
12 12V :

_ Mc _ 38333(12)(1.5) .
T max = 7 30676 = 21.1 ksi

2%00fl

\I
T —-4:;&

N

»

12112816 p22.22 k.

~— ‘k Lyeld
20701k
vih
72,2
x
“Z3 o
- 1z7af
b.
i 249
//R g
[\‘SNM

Ans.
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6-75. The shaft is supported by a smooth thrust bearing at
A and smooth journal bearing at D. If the shaft has the cross @1 40 mm 25 mm
section shown, determine the absolute maximum bending A B C ED
stress in the shaft.
0.75 m i 1.5m ¢ 0.75 m—
3 kN 3 kN

Shear and Moment Diagrams: As shown in Fig. a.

Maximum Moment: Due to symmetry, the maximum moment occurs in region BC
of the shaft. Referring to the free-body diagram of the segment shown in Fig. b.

Section Properties: The moment of inertia of the cross section about the neutral
axis is

o -
1= (0.04* = 0.025") = 1.7038(10°)m*

Absolute Maximum Bending Stress:

M,.c  225(10°)(0.04)

o = = = 52.8 MPa Ans.
T 17038(107)

I ) Mmax

o 7n [o75m),
,47;.-3;<M 3kN 3K Df&w A3=3knl 2kA

() k>

*6-76. Determine the moment M that must be applied to
the beam in order to create a maximum stress of 80 MPa. Also
sketch the stress distribution acting over the cross section.

The moment of inertia of the cross-section about the neutral axis is
1 3 1 3 =3 4
1= o (0.3)(0.3°) — o (0.21)(0.26°) = 0.36742(10"°) m

Thus,

M(0.15)

M
= e 80(10°) = ————2
Tmax = Ty (10%) 0.36742(1073)

M =19596 (10°) N-m = 196 kN +m Ans.

The bending stress distribution over the cross-section is shown in Fig. a.
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¢6-77. The steel beam has the cross-sectional area shown. w w
Determine the largest intensity of distributed load w that it
can support so that the bending stress does not exceed

oo = 22 ksi. h
—a

_ i 3 _ i 3\ s a4 |
1= 35 ®106)° = = (17)(10°) = 152344 in

Mc
Omax = T
B 32w(12)(5.3)
152344
w = 1.65 kip/ft Ans.
6-78. The steel beam has the cross-sectional area shown. w w

If w = 5 kip/ft, determine the absolute maximum bending

stress in the beam.
JE p— A
0.30 in.
0.3 in.EIlo in.
T 0.30 in.

From Prob. 6-78:
M = 32w = 32(5)(12) = 1920 kip - in.
I = 152.344 in*

Mc  1920(5.3) ,
O max — T = m = 66.8 ksi Ans.
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6-79. If the beam ACB in Prob. 6-9 has a square cross
section, 6 in. by 6 in., determine the absolute maximum
bending stress in the beam.

Mo = 46.7 kip - ft

_ Me _ 467009(12)3)

= = 15.6 ksi
T T L(6)6)

15 kip

l m‘—w 20 kip
Al [ ﬂ G

1 4ft 41t |

4 ft ‘
lls"_" w(fp
Ift
S Sre———

tz V4% T =

!5"11“

s
wa;l 2okl 20"

147 % F.33%0p
v(xp)
-7
1 ¥
-333
H(K'.P'}l) 467
33
3
+ t »

*6-80. If the crane boom ABC in Prob. 6-3 has a
rectangular cross section with a base of 2.5 in., determine its
required height 4 to the nearest% in. if the allowable bending
Stress is oo = 24 ksi.

4
CHEMa=0.  SFp(3) —12008) = 0:  Fj = 40001b

4
+1SF, =0,  -A, + 5 (4000) — 1200 = 0; A, = 20001b

3
ESF =0, A, — 5 (4000) = 0; A, =24001b

 Me 6000(12)(4) ;

h = 2.68in.
Use h = 2.75in.
a3 sit vis)
I ‘Z i 1200
.l f. [FT 119 ll (
“aohio
_v—p
“bave

Ans.

Ans.
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¢0-81. If the reaction of the ballast on the railway tie can 15 kip 15 kip
be assumed uniformly distributed over its length as
shown, determine the maximum bending stress developed
in the tie. The tie has the rectangular cross section with
thickness t = 6 in.

~1.5 ft | Sft | 1.5 ft—

Support Reactions: Referring to the free - body diagram of the tie shown in Fig. a,
we have

+12F, = 0; w(8) — 2(15) = 0
w = 3.75 kip/ft

Maximum Moment: The shear and moment diagrams are shown in Figs. b and c. As
= 7.5 kip-ft.

indicated on the moment diagram, the maximum moment is ‘M max
Absolute Maximum Bending Stress:
M 7.5(12)(3
Tpy = ‘;"”‘C = U2 _ | s psi Ans.
— (12)(6’
5 (12)6)

15 Kips Bkps  V(kips)
Fﬁft 25/ | 25ft /'5f1;’
L

>

7375

5625

5625
~43Js

wW(8)
(@)

b)
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6-82. The reaction of the ballast on the railway tie can be 15 kip 15 kip
assumed uniformly distributed over its length as shown.
If the wood has an allowable bending stress of o jjow =
1.5 ksi, determine the required minimum thickness ¢ of the
rectangular cross sectional area of the tie to the nearest% in.

Support Reactions: Referring to the free-body diagram of the tie shown in Fig. a, we /5 /(,PS /5 b)) <
have

+13F, = 0; w(8) — 2(15) = 0 ’J'fft_[ 25t | 25ft | I5ft

w = 3.75 kip/ft ___i

Maximum Moment: The shear and moment diagrams are shown in Figs. b and c. As e e e v o o e e b o e e
indicated on the moment diagram, the maximum moment is ‘M max | = 7.5 kip - ft.
Absolute Maximum Bending Stress: w“(g)
t
75(12)| =
Mc ( )< 2 ) Ca)
O max T 5 1.5 = 17
—(12)°
1 (12)
t = 548in.
1.
Use t=5 5 in. Ans.

V(kfps) M (kfpvff)

3 422 4z
515 9375

, '/] X(ft)
0 [ 65
14 "géz’{a
"?'375 ~7.5
(b)

o

!
|
l
hs
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6-83. Determine the absolute maximum bending stress
in the tubular shaft if d; = 160 mm and d, = 200 mm.

Section Property:

m —
1 =7 (01~ 008") = 46370(10°°) m*

as indicated on the moment diagram. Applying the flexure formula

Mmaxc
o-max = I
_60.0(10%)(0.1)
46.370(107°)
= 129 MPa
F(5X3)= 225k
______ ’_'———‘E 6O kn.m
----- !
1
¥ Jd
2m ) 1m |
Y
12:5 kA 350 kn
v {kN)
. R
o \]
-35.0
M(kN-m)
0 3; + —
-60-0

15kN/m

3m

Absolute Maximum Bending Stress: The maximum moment is M, = 60.0 kN -m

Ans.

1 m—
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*6-84. The tubular shaft is to have a cross section such 15 kN/m
that its inner diameter and outer diameter are related by
d; = 0.8d,. Determine these required dimensions if the 60kN-m d
allowable bending stress is o0 = 155 MPa. I ﬂ |> /@/ ¢
4 .
1 3m !— 1 mﬂ‘

Section Property:

. m d, 4 d1)4 o d04 (0.8d0)4 - ,
=y [(2) (2 =7l 16 5 = 0.0092257d’

Allowable Bending Stress: The maximum moment is M., = 60.0 kN - m as
indicated on the moment diagram. Applying the flexure formula

Mmaxc
Omax = OTallow — I
60.0(10%)(%)
155(106) =—
0.0092257d,
d, = 0.1883 m = 188 mm Ans.
Thus, d; = 0.8d, = 151 mm Ans.

F(5)3)= 225k

_amAT i 6O kn-m
— ! ﬁ)
i I3 ’ i1
2m | tm im |
12.5 kal 350 kN
v (kN)
2 3 Fxo
-/2.5 \[7
-35.0
M(kN-m)
L 3} 1 X<m
-0-0
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6-85. The wood beam has a rectangular cross section in 500 N/m
the proportion shown. Determine its required dimension b
if the allowable bending stress is o 0w = 10 MPa.
1@A - | [ fisp
4, -
2m 2m

Allowable Bending Stress: The maximum moment is M ,,, = 562.5 N-m as
indicated on the moment diagram. Applying the flexure formula

o =0 — Mmaxc
max allow I
562.5(0.75b
1o(10¢) = 22050
13 (b)(1.5D)
b = 0.05313 m = 53.1 mm Ans.
Soocz)=/000 N
2 «
J h
750N 250N
V(N)
750
\ i +
5 .E t I X
=250
MNm)
5625
500
+—1- - RO
. [ 4
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Umax =

6-86. Determine the absolute maximum bending stress
in the 2-in.-diameter shaft which is subjected to the
concentrated forces. The journal bearings at A and B only
support vertical forces.

The FBD of the shaft is shown in Fig. a.

The moment of inertia of the cross-section about the neutral axis is
T
I=7 1% = 025 7 in*

Here,c = 1in. Thus

Mmax c
1

~15000(1)

I15in. | /5.

AF%O b @) 5,%3500 /b

0.25 7
19.10(10%) psi

19.1 ksi

800l 600Ib

'

3oin. ﬁ?m

<

V(ib)

900

| 100 6o

The shear and moment diagrams are shown in Fig. b and c, respectively. As
indicated on the moment diagram, M ,,, = 15000 1b - in.

Ans.

Mlb-in.)
1350 15000

X@n,)

15 30

(b)

e

—X(in.)
30 é0

m_-.

0 J

<)
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6-87. Determine the smallest allowable diameter of the
shaft which is subjected to the concentrated forces. The
journal bearings at A and B only support vertical forces.
The allowable bending stress is oo = 22 ksi.

The FBD of the shaft is shown in Fig. a

The shear and moment diagrams are shown in Fig. b and ¢ respectively. As
indicated on the moment diagram, M ,,, = 15,000 Ib +in

The moment of inertia of the cross-section about the neutral axis is

o (d\* T
I =—(= _ L g4
4(2) 64d

Here, ¢ = d/2.Thus

Mmax c 15000(d/2)
Talow =~ 22(10°) = Tad'oh
d =1908in = 2 in. Ans.

8o0lb 600Ib

AF%O b @ gfsao /b

V(i Mlbin,)
F00 1350 15000

>
ES
=
<

30 é0

i o

)
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*6-88. If the beam has a square cross section of 9 in. on 800 Ib /it 1200 1b
each side, determine the absolute maximum bending stress /
in the beam.
\ :
IE
A ‘
8 ft 8 ft |

Absolute Maximum Bending Stress: The maximum moment is M ,,, = 44.8 kip - ft
as indicated on moment diagram. Applying the flexure formula

M 44.8(12)(4.5
Omax = max € _ (12)45) = 4.42 ksi Ans.

1 5 (9)(9)°

v(Kip)

¥ xde)

*6-89. If the compound beam in Prob. 6-42 has a square
cross section, determine its dimension a if the allowable
bending stress is 00w = 150 MPa.

Allowable Bending Stress: The maximum moments is M, = 7.50 kN - m as
indicated on moment diagram. Applying the flexure formula

_ _ Mmax c
Omax = Tallow — I
7.50(10%)(%
150(10°) = 174@
1 a
a = 0.06694 m = 66.9 mm Ans.
5¢2)510.0 k) By  5(z)=po0kn

M(kN-m)
[0-0
5.00 5.00 250
N, s
> ; T = K(m) ‘:
~-5.00
-/0-0
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6-90. If the beam in Prob. 6-28 has a rectangular cross section
with a width b and a height /4, determine the absolute maximum
bending stress in the beam.
. . . . 23wy L?
Absolute Maximum Bending Stress: The maximum moments is M, = 16
as indicated on the moment diagram. Applying the flexure formula
2w Ly 5
o _ Mmaxc _ 216 (7> _ 23W0L Ans
" 1 & bi? 36bh? '
2W,L
3
— |
l
L r L
e ? 4 e
3 3
v
23 a
sue G s
s M SR
WL 1 E 1
& u ¢ o
. ¥ R 4 2
2 AN L oLz E
Tz 3 T 7
o
=ML
3
384



06 Solutions 46060 _Partl 5/27/10 3:51 PM Page 385 $

© 2010 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.

6-91. Determine the absolute maximum bending stress
in the 80-mm-diameter shaft which is subjected to the l
concentrated forces. The journal bearings at A and B only

support vertical forces.

IES
s~

0.6 m

i 0.5m ~—04m

- =

12 kN
The FBD of the shaft is shown in Fig. a

The shear and moment diagrams are shown in Fig. b and ¢, respectively. As
M x| = 6 KN-m.

indicated on the moment diagram,

The moment of inertia of the cross-section about the neutral axis is
_T N -6 4
I = 7 (0.04%) = 0.64(10"°)7r m I
Here, ¢ = 0.04 m. Thus o5EM 04m Cem l

Moy 6(10%)(0.04) 12 kN Ag =30kN R0KkN Bv’" 7
Tm T 0.64(10 ) @)

= 119.37(10°) Pa

= 119 MPa Ans.

V(kN)
/8

= 53 L A— X(m)
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*6-92. Determine the smallest allowable diameter of the
shaft which is subjected to the concentrated forces. The
journal bearings at A and B only support vertical forces.

The allowable bending stress is oo = 150 MPa.

The FBD of the shaft is shown in Fig. a.

ES

20 kN

The shear and moment diagrams are shown in Fig. b and c, respectively. As

M x| = 6 KN -m.

indicated on the moment diagram,

The moment of inertia of the cross-section about the neutral axis is

md
64

o (d\*
I‘Z(E)‘

Here, ¢ = d/2.Thus

M ax €

Tallow — 7 5

6(10°)(“/2)
wd*/64

150(10%) =

d = 0.07413m = 7413 mm = 75 mm

VCkN)
/8

09 7
S———O

X(m)

w7

(b)

05m 'Iwmg Ooem i

12 kN Aq&'-'étﬂkl\f R0 KN B»at"z
@)

Ans.

M CKN-m)

{ Ao
1 I T

~6.00
(<)

B

i
W E—
l

kN

X(m)
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¢0-93. 'The man has a mass of 78 kg and stands motionless at

the end of the diving board. If the board has the cross section

shown, determine the maximum normal strain developed in

the board. The modulus of elasticity for the material is

E = 125 GPa. Assume A is a pin and B is a roller. 350 mm
30 mm ‘

AE ] &L%I 20 mm
B C
1.5m 2.5m — J f i\
10 mm 10 mm 10 mm

Internal Moment: The maximum moment occurs at support B. The maximum 78¢9.81)=J65/8N
moment is determined using the method of sections.
Section Property: 1
= ]
_ SyA | #5m 25m |
Y= 54 127530N  2o40.48 A
0.01(0.35)(0.02) + 0.035(0.03)(0.03)
= = 0.012848 m
0.35(0.02) + 0.03(0.03) [:TA)M“*= 1912:95 N-m
1 | /5m [V
1=+ (0.35)(0.02%) + 0.35(0.02)(0.012848 — 0.01) 127530 N

1
+ E(0.03)(0.033) + 0.03(0.03)(0.035 — 0.012848)>

= 0.79925(107%) m*

Absolute Maximum Bending Stress: The maximum moment is M ,, = 1912.95N-m
as indicated on the FBD. Applying the flexure formula

M ax €

Omax — I

1912.95(0.05 — 0.012848)
0.79925(10~%)

= 88.92 MPa

Absolute Maximum Normal Strain: Applying Hooke’s law, we have

o 88.92(10%) ~
Emax — z,ax = 125(109) = 0711(10 3) mm/mm Ans.
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6-94. The two solid steel rods are bolted together along
their length and support the loading shown. Assume the
support at A is a pin and B is a roller. Determine the required
diameter d of each of the rods if the allowable bending
stress is oj1ow = 130 MPa.

Section Property:

o (d\* = d\? S
o T(L) LT (2 _ 0T 4
! 2|:4 (2) 4d (2):| 32d

re———

20z) 4.0k B KA
Allowable Bending Stress: The maximum moment is M, = 100 kN - m as - {- _‘_J

indicated on moment diagram. Applying the flexure formula L 7 - ]
im T Im | 2m
Omax — Oallow — M 700 ke 500 kA
1 V(KN)
100(10°)(d)
130(10°) = ——~— 700
Bd \ 30.0
) = X¢{m)
d =0.1162m = 116 mm Ans.
-50-0
M (kN:-m)
100
] + }— X(m
< +

6-95. Solve Prob. 6-94 if the rods are rotated 90° so that
both rods rest on the supports at A (pin) and B (roller).

Section Property:
a (d\* T
[=2—(5]) |=55d
|:4 <2) } 32 d

Allowable Bending Stress: The maximum moment is M, = 100 kN - m as
indicated on the moment diagram. Applying the flexure formula

20(2) =do.o ky 0K
. ,

Omax = OTallow — I J,
Ft
m m 2m
100(10%)(d
130(10°) = %4)() 70.0 kA 500k
nd V(KA)
d = 0.1986 m = 199 mm Ans.
7e0
\w.o
5 - xm)
-50.0
M{KkNm)
100
- i Ql Xm:
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*6-96. The chair is supported by an arm that is hinged so 180 1b
it rotates about the vertical axis at A. If the load on the chair
is 180 1b and the arm is a hollow tube section having the
dimensions shown, determine the maximum bending stress
at section a—a.

1in.
4

A 3in|| ||2.51in.
| -05in.
C+IM=0; M~ 180(8) =0 80"
M = 1440 Ib-in. PM
aﬂ

_ i 3\ i 3N . 4
1= 2 (HE) = 5 055 = 15989 in

_ Mc 1440 (15)

= = ————— = 1.35ksi Ans.
Tmax =TT 7159896 . e
*6-97. A portion of the femur can be modeled as a tube o (ksi)
having an inner diameter of 0.375 in. and an outer diameter
of 1.25 in. Determine the maximum elastic static force P 2.30
that can be applied to its center. Assume the bone to be 1.25

roller supported at its ends. The o—e diagram for the bone
mass is shown and is the same in tension as in compression.

€ (in./in.)

0.02 0.05

(%32)4] = 0.11887 in* ?Zf-.:'BM""‘

(4) = 2P

r=ymlo) -

wiv

Require o, = 1.25 ksi

Mc
Omax — T
2P(1.25/2)
125 =—7—7-"—
> 0.11887
P =0.119kip = 1191b Ans.
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6-98. If the beam in Prob. 6-18 has a rectangular cross
section with a width of 8 in. and a height of 16 in., determine
the absolute maximum bending stress in the beam.

Absolute Maximum Bending Stress: The maximum moment is M ,,, = 216 kip - ft
as indicated on moment diagram. Applying the flexure formula

Mpax ¢ _ 216(12)(8)

I L ®)06) Ans.

Omax —

= 7.59 ksi

V(Kip)

16 in.

8.0

-

M x = 16800 1b - ft
1
The moment of inertia of the about the neutral axis is I = D) (6)(6%) = 108 in*. Thus,

Mc _ 16800(12)(3)

N 108

Omax —

= 5600 psi = 5.60 ksi

Ans.

-2/6
6-99. If the beam has a square cross section of 6 in. on 400 Ib /ft
each side, determine the absolute maximum bending stress
in the beam. l \ M
= |5
A |
6 ft 6 ft !
The maximum moment occurs at the fixed support A. Referring to the FBD shown
in Fig. a oP ¢ 400(6) lb EL(QO)(@) Ib
o e |
1 V —————— EET
CHEMy =0, My = 400(6)(3) — - (400)(6)(8) = 0 i
] il Y
N 1 ol YO

Moo

8t
@)
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*6—100. The steel beam has the cross-sectional area W
shown. Determine the largest intensity of the distributed /mm
load w that it can support so that the maximum bending

stress in the beam does not exceed oy, = 22 ksi. @ .

| 9 ft 9 ft |
9in. i
0.25 in.
0.25 inEIlz in.
T 0.25 in.
Support Reactions. The FBD of the beam is shown in Fig. a.

The shear and moment diagrams are shown in Fig. a and b, respectively. As
indicated on the moment diagram, M ., = 27w,,.

The moment of inertia of the cross-section about the neutral axis is

~
|

1 1
= E(9)(12.53) - E(8.75)(123)

204.84375 in*
Here, ¢ = 6.25 in. Thus,

Mmax c .
I >

Tallow —

~ (27w,)(12)(6.25)
22(10) = 204.84375

w, = 222546 1b/ft

= 2.23 kip/ft Ans.

w5 (18)
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¢6-101. The steel beam has the cross-sectional area
shown. If w, = 2 kip/ft, determine the maximum bending
stress in the beam.

Wo

I ven

=

9 ft |

| 9 ft

9 in.

4
025 mEI

T

0.25 in.
12 in.
0.25 in.

The FBD of the beam is shown in Fig. a

The shear and moment diagrams are shown in Fig. b and c, respectively. As
indicated on the moment diagram, M ,,, = 54 kip - ft.

The moment of inertia of the I cross-section about the bending axis is
1= i(9)(12 5%) - L 75)(12%)
12 ' 12

= 204.84375 in*

Here, ¢ = 6.25 in. Thus

_ Mmax c
Omax — I
_ 54 (12)(6.25)
204.84375
= 19.77 ksi = 19.8 ksi Ans.
I i -
1)) kip Y (kip)
”"" \\\‘\\ q
”’, ___.\\\ \ 16

|
(a

It

T mckipde)

f AL

A% =7 kip 5‘3

t bagd
0 9 PRt
©)
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6-102. The bolster or main supporting girder of a truck
body is subjected to the uniform distributed load. Determine
the bending stress at points A and B.

Support Reactions: As shown on FBD.

Internal Moment: Using the method of sections.
+EMpy, =0 M + 12.0(4) — 15.08) = 0
M = T72.0kip-ft

Section Property:

1 1 :
1= E(6)(13.53) - 5(5'5)(123) = 438.1875 in*

M
Bending Stress: Applying the flexure formula o = Ty
72.0(12)(6.75)
=—————— =133 ksi
75T 4381875 N
72.0(12)(6)
=———— =11.8ksi
747 4381875 o
15802300 kip
L 4
o I
roft 10ft
-0 Kip 150 Kip
1508) *12-0 ki
+£t r
4 v
! l ) M
of
5.0 kip

1.5 kip /ft
A \\ll ‘/ A
A ‘ B
8 1t ‘ 12 ft
F, F
0.75 in. ‘6 in.
. 0.51in
12 in.
L A
B
0.75 in.

Ans.
Ans.
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6-103. Determine the largest uniform distributed load w
that can be supported so that the bending stress in the beam
does not exceed o 4, = S MPa.

The FBD of the beam is shown in Fig. a

The shear and moment diagrams are shown in Fig. b and ¢, respectively. As
indicated on the moment diagram, |M ,,,| = 0.125 w.

The moment of inertia of the cross-section is,
_ 1 3\ _ -6\ .4
1 =5 (0075)(015%) = 21.09375(10°) m

Here, ¢ = 0.075 w. Thus,

Mmaxc .

Tallow — Ji s

5(10°) - 0.125w(0.075)
21.09375(10°°)

w = 11250 N/m = 11.25 kN/m

Ans.

LT
HO.Sm-u-%m Him _‘J_L‘_o.5m4

~
[] 1150 mm
W(2)

h 4

r——— e e ey

[N

“oam oom | oom| osm

MY B

=05 W

-0 /26 W
©)
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*6-104.

acting over the cross section.

Here, ¢ = 0.075 m. Thus

Mmax c

Omax — I

21.09375(10°°)

= 4.444 (10°) Pa

= 4.44 MPa

V(kN)

If w=10kN/m, determine
bending stress in the beam. Sketch the stress distribution

~ 1.25(10)(0.075)

5

>N

the maximum

Support Reactions. The FBD of the beam is shown in Fig. a

The moment of inertia of the cross-section is

1 -
1 =-5(0.075)(0.15%) = 21.09375(10~°) m*

The bending stress distribution over the cross section is shown in Fig. d

The shear and moment diagrams are shown in Figs. b and c, respectively. As
indicated on the moment diagram, |M .| = 1.25 kN - m.

Ans.

M CkN-m)

05

F—0.5m } 1m } 0.5m4

75 mm

i
DIlSO mm

10(2) kN

[ ———————

!‘o.gm ofs-mT o5m| 0-5m
A =OKN =/0 kN
! @) 7

/ 15 2
X{m)

T\l
o5

-5

15 2

-5

~/R5

~/25
)
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¢6-105. If the allowable bending stress for the wood beam 400 Ib /ft
iS 00w = 150 psi, determine the required dimension b to
the nearest% in. of its cross section. Assume the support at A

. . . 5
is a pin and B is a roller. i: ‘ I.lB
The FBD of the beam is shown in Fig. a 3t 3t | 3t *"
The shear and moment diagrams are shown in Figs. b and c, respectively. As |:| Izb
indicated on the moment diagram, M ,,, = 3450 Ib - ft. ol

b

The moment of inertia of the cross section is
1 2
I =—(b)2b)’ = b
5 (D) =3

Here, ¢ = 2b/, = b.Thus,

Mmax C
Tallow — I 5
3450(12)(b
150 = 72( 3( )
/3b
= 7.4531in = 7%in. Ans.
N - V(1b)
-~ ™
rd [ ~
e | 1 S~
i 1 $ N [200

©00

e 6 ¢
7 BT T T 0 ] , xX{t)

Aa{ =/200 Ib 8 \ 1200 /b ~600
(b)

=|200

@)

M(lbfe)
3000 it 000
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6-106. The wood beam has a rectangular cross section in 400 Ib /ft
the proportion shown. If b = 7.5 in., determine the absolute
maximum bending stress in the beam. ‘

kg
i
The FBD of the beam is shown in Fig. a. P 34t

The shear and moment diagrams are shown in Fig. b and ¢, respectively. As
indicated on the moment diagram, M ,,, = 3450 1b - ft. [I IZZ’

The moment of inertia of the cross-section is

1 5 .y
I =5 (15)(15°) = 2109375 in

15
Here,c = 5 = 7.5in.Thus

My, c  3450(12)(7.5) ‘
= = = 14 Ans.
Tmax i 2109.375 7psi ns

V(ib)

m 1200 ©00

j . 1
zﬂ?’lL 25ft | 25ft | 2f¢ ) xX{t)

=/2001b g -600
Aa‘ / B’J Koojb ~1200

(b)

LSV
>
Oy

M (Ibft)
3000 i 000
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6-107. A beam is made of a material that has a modulus of

elasticity in compression different from that given for B ‘/
tension. Determine the location ¢ of the neutral axis, and M
derive an expression for the maximum tensile stress in the i (

beam having the dimensions shown if it is subjected to the i L
bending moment M. g f

_ (Emax)t (h B C)

(Smax)c - ¢

Ec(smax)t (h B C) ‘

(Umax)c = Ec(smax)c = ¢ E.

Location of neutral axis:

BIE =0 20— e (0) + 5T () = 0
(h - C)(Umax)c = C(Umax)t [1]
(h - C)Ec (gmax)[(hc;C) = CEt (Smax)t; Ec (h - C)2 = E[C2

Taking positive root:
c _ |E
h—c E,
n | Ee
E, hV'E

. - _ T \C/E [2] Ans.
e
EMNA = 07
M= B (h = )@ mae (b)}@(h —o+ B (c)(gmax),(m}(%)(c)
M = %(h — C)2 (b)(amax)c + %Czb(a-ma’()t
From Eq [1] (O'max)c = ﬁ (Umax)t
M = %(h - C)z (b)(ﬁ>(‘7max)t + %czb(gma")’
M = %bc(‘rmax)t (h—cHto); (Omax)e = %
From Eq. [2]
3M ( VE + VE, Ans

(Jmax)t = W \/E
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*6-108. The beam has a rectangular cross section and is

subjected to a bending moment M. If the material from B ‘/
which it is made has a different modulus of elasticity for M
tension and compression as shown, determine the location ¢ A (

of the neutral axis and the maximum compressive stress in 1 L

the beam. 7 f

E.
See the solution to Prob. 6-107
hV'E. A

c=—-"">°€ ns.

VE, + VE,
Since

c hV E
(Umax)c = h —c (C’-max)t = - h\/f (a-max)l‘
(\/Et +V Ec)[h - (77:)}
VE, + VE,
mde = VE (o)
a'max C = a'max t
VE,
us) VE.(3m\( VE, + VE,.
o — Eall | S I Sald
max/c \/E bh2 \/E

- 3m (VE, + VE, A
Omax)e = 5| ————F— ns.

ax/c bh2 '\/E
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¢6-109. The beam is subjected to a bending moment of
M = 20 kip - ft directed as shown. Determine the maximum
bending stress in the beam and the orientation of the
neutral axis.

The y and z components of M are negative, Fig. a. Thus,

M, = —20sin 45° = —14.14 kip - ft
M, = —20cos 45° = —14.14 kip - ft.

The moments of inertia of the cross-section about the principal centroidal y and z
axes are

1 1 ,
1, = 15 19)(10°) = - (14)(8°) = 736 in’

1 1 i
I = = (10)(163) _ E(8)(143) = 1584 in*

By inspection, the bending stress occurs at corners A and C are

o =-

sz + M}’Z

I, I,

—14.14(12)(8)  —14.14(12)( — 5)

Omax — 0C =

1584 736
= 2.01 ksi (T) Ans.
B 0 —1414(12)(-8)  —14.14(12)(5)

Tmax = T4 T 1584 736

= —2.01 ksi = 2.01 ksi (C) Ans.

Here, 6 = 180° + 45° = 225°

tana = Tj tan 0
tan a = % tan 225°
a = 65.1° Ans.

The orientation of neutral axis is shown in Fig. b.

| 8in, 5]
//
©

45°

Ay P
7 @
& g, 7
7 #Ml’
C;\M
Ay >t
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6-110. Determine the maximum magnitude of the y
bending moment M that can be applied to the beam so that Sin
the bending stress in the member does not exceed 12 ksi. | // Y
o il
The y and z components of M are negative, Fig. a. Thus, \
f
M, = —M sin 45° = —0.7071 M 14 in. 450\
’ |
Z
M. = —M cos 45° = —0.7071 M ‘ 16in.
i i,/
The moments of inertia of the cross-section about principal centroidal y and z — 1
A D Y
axes are .
10 in. ( \
I, = i(16)(103) - i(14)(83) = 736 in* M
Y12 12
1. = L 10)(16) - - ®)(14) = 1584 in* 4
1 12
By inspection, the maximum bending stress occurs at corners A and C. Here, we 5 V4
will consider corner C.
M Ye M}’ZC L4
OCc = Oallow — — - + 4‘5

I, I,

—0.7071 M (12)(8) | ~0.7071 M(12)(-5)

12 = 1584 736

M = 11940 kip - ft = 119 kip - ft Ans. M
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6-111. If the resultant internal moment acting on the y
cross section of the aluminum strut has a magnitude of
M = 520N-m and is directed as shown, determine the M = 520 N-m
bending stress at points A and B. The location y of the
centroid C of the strut’s cross-sectional area must be 20 mr? 5 1123&
determined. Also, specify the orientation of the neutral axis. 51 TB :
z mra
200 mm
_L 20 mm —| #420 mm
A
LZOO mm —~-—200 mmJ

Internal Moment Components: y 820 Nvm
8
M. = —12(520) = ~480N-m M, = > (520) = 200N-m ( =y
R Y13 z I
Section Properties: | |
I A
_ SyA 0.01(04)(0.02) + 2[(0.110)(0.18)(0.02)] !1‘
YT s T 0.4(0.02) + 2(0.18)(0.02) A My
= 0.057368 m = 57.4 mm Ans. & > Mg

I, = 11—2 (0.4)(0.02%) + (0.4)(0.02)(0.057368 — 0.01)*

1
+ E(0.04)(0.183) + 0.04(0.18)(0.110 — 0.057368)>

N‘ P 3‘74"

= 57.6014(107%) m*

1

1 1 .
, = E(0.2)(0.43) - E(0.18)(0.363) = 0.366827(10 %) m*

Maximum Bending Stress: Applying the flexure formula for biaxial at points A

and B
sz M)'Z
o= - + —
I, Iy
—480(—0.142632) 200(—0.2)
Ohq =

57.6014(10°°) 0.366827(107%)

—1.298 MPa = 1.30 MPa (C) Ans.

—480(0.057368) N 200(0.2)
57.6014(107°) 0.366827(107%)

= (0.587 MPa (T) Ans.

Orientation of Neutral Axis:

IZ
tana = —tan 6
I,

57.6014(10°%)
@=L tan (-22.62°)
0.366827(10 %)

a = —3.74° Ans.
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*6-112. The resultant internal moment acting on the y
cross section of the aluminum strut has a magnitude of
M =520N-m and is directed as shown. Determine M =520 N-m
maximum bending stress in the strut. The location y of the &
centroid C of the strut’s cross-sectional area must be 4 mr? }ﬁ;

determined. Also, specify the orientation of the neutral axis. y[ B

z i <
200 mm
_L 20 mm — 420 mm
A

LZOO mm 200 mm »‘

Internal Moment Components:

12 5 8 ¢ 520 N-m
M, = —5(520) = ~480N-m M, = ;> (520) = 200N-m ( >
Section Properties: ¢ lL
_ 3 yA  0.01(0.4)(0.02) + 2[(0.110)(0.18)(0.02)] ] u A
Y= 3a T 0.4(0.02) + 2(0.18)(0.02) !
JLM*
= 0.057368 m = 57.4 mm Ans.
& > Mg
I, = % (0.4)(0.02%) + (0.4)(0.02)(0.057368 — 0.01)? | |
+ 11—2(0.04)(0.183) + 0.04(0.18)(0.110 — 0.057368)>
A
(3.7, ¢
= 57.6014(10) m* f-——ﬂl =i

I, = 11—2 02)(0.4%) — % (0.18)(0.36%) = 0.366827(10%) m*

Maximum Bending Stress: By inspection, the maximum bending stress can occur at
either point A or B. Applying the flexure formula for biaxial bending at points A

and B
Mz y My z

g = — +
L,
—480(—0.142632)  200(—0.2)

o=

8 57.6014(10%)  0.366827(107%)
= —1.298 MPa = 1.30 MPa (C) (Max) Ans.

—480(0.057368) 200(0.2)

op —

57.6014(10°%)  0.366827(10~%)

0.587 MPa (T)

Orientation of Neutral Axis:

IZ
tana = —tan 6

y

57.6014(107°)
tana = P — tan (—22.62°)
0.366827(10 %)

a = —3.74° Ans.
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6-113. Consider the general case of a prismatic beam
subjected to bending-moment components M, and M.,
as shown, when the x, y, z axes pass through the centroid
of the cross section. If the material is linear-elastic, the
normal stress in the beam is a linear function of position
such that o = a + by + cz. Using the equilibrium con-
ditions 0= [,o0dA, M,= [,zodA, M. =[,—yodA,
determine the constants a, b, and ¢, and show that the
normal stress can be determined from the equation
o=[=(MIy,+ M)y + (M, + leyz)zl/(lylz_lyzz)a
where the moments and products of inertia are defined in
Appendix A.

Equilibrium Condition: o, = a + by + cz

O=/o-di

A

0:/(a+by+cz)dA
A

0=a/dA+b/ydA+c/sz [1]
A A A

M, = /zadi
A

= /z(a+by+cz)dA
A

:a/sz+b/ysz+c/z2dA [2]
A A A
MZ=/—y0'di
A
=/—y(a+by+cz)dA
A

=—a/ydA—b/y2dA—c/ysz [3]
A A A

Section Properties: The integrals are defined in Appendix A. Note that

/ya’A: /szzO.Thus,
A A

From Eq. [1] Aa =0
From Eq. [2] M, =bl, +cl,
From Eq. 3] M, = —-bl, —cl,,

Solving for a, b, c:

a = 0 (Since A # 0)

MJI,+M,I, M,I +M.I,
p=—-|—n— " = - =
1,1, 15, 1,1, - 13,
M1, + M, M,I,+ M.]I
Thus, o, = —(”ﬁyz)y + <”2”Z>z (QE.D.)
1,1, - 13, 1,1, - 13,

404



06 Solutions 46060 _Part2 5/26/10 1:17 PM Page 405 $

© 2010 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.

6-114. The cantilevered beam is made from the Z-section
having the cross-section shown. If it supports the two
loadings, determine the bending stress at the wall in the
beam at point A. Use the result of Prob. 6-113.

501b

(M,)max = 50(3) + 50(5) = 400 b~ ft = 4.80(10%)Ib - in.

I, = % (3.25)(0.25)* + 2{% (0.25)(2)° + (0.25)(2)(1.125)2} = 1.60319 in*

I, = 11—2 (0.25)(3.25)° + 2[11—2 (2)(0.25)° + (0.25)(2)(1.5)2} = 2.970378 in*

I, = 2[1.5(1.125)(2)(0.25)] = 1.6875 in*
Using the equation developed in Prob. 6-113.

M.I,+ M, M1+ M. 1,
e LT
1,1, -, 1,1, - I,

{—[0 + (4.80)(10%)(1.6875)](1.625) + [(4.80)(10°)(2.970378) + 0](2.125)}
[1.60319(2.970378) — (1.6875)%]

[

= 8.95 ksi Ans.

6-115. The cantilevered beam is made from the Z-section
having the cross-section shown. If it supports the two
loadings, determine the bending stress at the wall in the
beam at point B. Use the result of Prob. 6-113.

50 1b

(M) max = 50(3) + 50(5) = 400 1b - ft = 4.80(10°)Ib - in.

I, = 11—2 (3.25)(0.25)% + 2{11—2 0.25)(2)° + (0.25)(2)(1.125)2} = 1.60319 in*

I, = 11—2 (0.25)(3.25)° + 2[11—2 (2)(0.25)° + (0.25)(2)(1.5)2} = 2.970378 in*

I,, = 2[1.5(1.125)(2)(0.25)] = 1.6875 in*

Using the equation developed in Prob. 6-113.

o=

(MZ I, + My1yz> (My I+ M, Iyz)
1,1, 15, 1,1, — I3,

[0 + (4.80)(10°)(1.6875)](—1.625) + [(4.80)(10%)(2.976378) + 0](0.125)
78 [(1.60319)(2.970378) — (1.6875)]

= 7.81 ksi Ans.
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*6-116. The cantilevered wide-flange steel beam is
subjected to the concentrated force P at its end. Determine
the largest magnitude of this force so that the bending stress
developed at A does not exceed o0 = 180 MPa.

Internal Moment Components: Using method of section
SM,=0; M,+ Pcos30°2)=0 M, = —1732P

SM,=0; M,+ Psin30°Q2)=0 M, =—1.00P

Section Properties:

I, = 11—2 02)(0.17%) - 11—2(0.19)(0.153) = 28.44583(10~%) m*

_, 1 3 1 3) = —6y 4 ¢
I, = Z{E (0.01)(0:2 )} + E(0.15)(0.01 ) = 13.34583(10 %) m 1
F My
Allowable Bending Stress: By inspection, maximum bending stress occurs at points b ’
A and B. Applying the flexure formula for biaxial bending at point A. 't Ej;
"
sz MyZ
TA = Ogllow — — Iz +Ty
—1.732P)(0.085 —1.00P(—0.1
180(10%) = ( Y008 (-0
28.44583(107°) 13.34583(10°%)
P = 14208 N = 142 kN Ans.

¢0-117. The cantilevered wide-flange steel beam is
subjected to the concentrated force of P = 600 N at its end.
Determine the maximum bending stress developed in the
beam at section A.

Internal Moment Components: Using method of sections

SM,=0; M, +600cos30°(2) =0 M, =—1039.23N-m
SM,=0; M, +600sin30°2) =0; M,=-600.0N-m

Section Properties:

I, = % 02)(0.17%) - 11—2(0.19)(0.153) = 28.44583(10"%) m*

¢
_o 1 3 1 3) = —6y 4
I, = Z{E (0.01)(02 )} + E(0.15)(0.01 ) = 13.34583(10 %) m |
3 P M,
Maximum Bending Stress: By inspection, maximum bending stress occurs at A and 4
. . . . =
B. Applying the flexure formula for biaxial bending at point A P $’“"a
sz M,VZ
7T L,
—1039.32(0.085) N —600.0(—0.1)
o4 =
4 28.44583(107%)  13.34583(107°)
=760 MPa(T) (Max) Ans. boon 7
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6-118. If the beam is subjected to the internal moment of
M = 1200 kN -m, determine the maximum bending stress
acting on the beam and the orientation of the neutral axis.
Internal Moment Components: The y component of M is positive since it is directed
towards the positive sense of the y axis, whereas the z component of M, which is
directed towards the negative sense of the z axis, is negative, Fig. a. Thus,
M, = 1200 sin 30° = 600 kN - m
M, = —1200 cos 30° = —1039.23 kN -m
Section Properties: The location of the centroid of the cross-section is given by
_ 3IyA  0.3(0.6)(0.3) — 0.375(0.15)(0.15)
y = = = 0.2893 m
A 0.6(0.3) — 0.15(0.15)
The moments of inertia of the cross section about the principal centroidal y and z
axes are %
L= 6)(0.3%) - Lo 15)(0.15%) = 1.3078(10 %) m*
y .6)(0. . . .
12 12 A - M=/200 KM
1 -~
1. = —(03)(0.6%) + 0.3(0.6)(0.3 — 0.2893)*
1= 13 (0.3)(0.6%) + 0.3(0.6)(0.3 — 0.2893) % {
1 Z -
- {5(0.15)(0.153) + 0.15(0.15)(0.375 — 0.2893)2] 30°
= 5.2132(10 %)m*
Bending Stress: By inspection, the maximum bending stress occurs at either corner 8
AorB. || (a)
M,y Mz (g'
o=——"+—
I, I, 14' |
v
_ 3 A
{ 1039.23(10 )}(0.2893) 600(10°)(0.15) o DMT
Oy = + N
5.2132(107%) 1.3078(107%) 2 " m '
[
= 126 MPa (T) '
_ 3) (=
{ 1039.23(10 )}( 03107)  600(10%)(~0.15) 5
op =
5.2132(107%) 1.3078(1073)
= —131 MPa = 131 MPa (C)(Max.) Ans. Lé /N
Orientation of Neutral Axis: Here, 6 = —30°.
1 0
tana=than0 ﬂo(sbév_s
' 2
5.2132(1073)
tanae = ——tan(—30°)
1.3078(107%)
a = —66.5° Ans /
The orientation of the neutral axis is shown in Fig. b.
4 (b)

407



06 Solutions 46060 _Part2 5/26/10 1:17 PM Page 408 $

© 2010 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.

6-119. If the beam is made from a material having
an allowable tensile and compressive stress of
(T aiow): = 125 MPa and (o y0w). = 150 MPa, respectively,
determine the maximum allowable internal moment M that
can be applied to the beam.

Internal Moment Components: The y component of M is positive since it is directed
towards the positive sense of the y axis, whereas the z component of M, which is
directed towards the negative sense of the z axis, is negative, Fig. a. Thus,

M, = M sin 30° = 0.5M

y

M, = —M cos 30° = —0.8660M

Z

Section Properties: The location of the centroid of the cross section is

SyA _ 03(06)(03) — 0.375(0.15)(0.15)

y= = 0.2893
YT 3a 0.6(0.3) — 0.15(0.15) o
The moments of inertia of the cross section about the principal centroidal y and z 4#'
axes are
_1 3 1 3) — -3\ 4
I, = 15 (06)(03°) = - (015)(015") = 1.3078(10*) m M
=L 0.3)(0 63) + 0.3(0.6)(0.3 — 0.2893)? ' }
< = 15 (03)(0. .3(0.6)(0. .
4 \
1 ; ) ' 0
- {E (0.15)(0.15%) + 0.15(0.15)(0.375 — 0.2893) } 30
= 52132(10%)m*
Bending Stress: By inspection, the maximum bending stress can occur at either
corner A or B. For corner A which is in tension,

_( ) __MZyA+MYZA |I ’

T4 T allow)r Iz Iy qé (_a )
—0.8660M)(0.2893 0.5M(0.15
s(1) = )(02893) (0.15)
5.2132(1073) 1.3078(1073)
T
M = 1185906.82 N-m = 1186 kN - m (controls) Ans. Mﬂ.
For corner B which is in compression, Z
M.yy M,zp
op = (o-allow)c = - ; + I y MZ'
z y

(—0.8660M)(—03107)  0.5M(-0.15)
5.2132(107%) 1.3078(107%)

~150(10%) =

M =1376597.12N-m = 1377 kN -m
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*6-120. The shaft is supported on two journal bearings
at A and B which offer no resistance to axial loading.
Determine the required diameter d of the shaft if
the allowable bending stress for the material is
Tallow — 150 MPa.

The FBD of the shaft is shown in Fig. a.

The shaft is subjected to two bending moment components M, and My, Figs. b and c,
respectively.

Since all the axes through the centroid of the circular cross-section of the shaft are
principal axes, then the resultant moment M = VM yz + M,? can be used for
design. The maximum moment occurs at D (x = 1m). Then,

M ox = 150% + 175% = 23049 N-m

150 N 150N

Then,
M. C 230.49(d/2
Tallow — e 5 150(106) = 177(/4)
1 7(d/2)
d = 0.02501 m = 25 mm Ans.

409



06 Solutions 46060 _Part2 5/26/10 1:17 PM Page 410 $

© 2010 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.

¢0-121. The 30-mm-diameter shaft is subjected to the
vertical and horizontal loadings of two pulleys as shown. It
is supported on two journal bearings at A and B which offer
no resistance to axial loading. Furthermore, the coupling to
the motor at C can be assumed not to offer any support
to the shaft. Determine the maximum bending stress
developed in the shaft.

Support Reactions: As shown on FBD.

Internal Moment Components: The shaft is subjected to two bending moment
components My and M_. The moment diagram for each component is drawn.

Maximum Bending Stress: Since all the axes through the circle’s center for circular

shaft are principal axis, then the resultant moment M = VM yz + M,? can be used
to determine the maximum bending stress. The maximum resultant moment occurs

at E M, = V400% + 150> = 4272 N-m. 1504 50N
) m)
Applying the flexure formula My #t

_ M max €
Omax — I

_ 427.2(0.015)
7 (0.015%)

= 161 MPa Ans.

M-JM'I-+M.B (N-m)

X(m)
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6-122. Using the techniques outlined in Appendix A, 50 er
Example A.5 or A.6, the Z section has principal moments of A 7‘
inertia of 7, = 0.060(10°) m* and I, = 0.471(10~%) m*, WNT
computed about the principal axes of inertia y and z,
respectively. If the section is subjected to an internal 200 mm |\ 32.9°
moment of M = 250 N -m directed horizontally as shown, , ‘ O\ | A
determine the stress produced at point A. Solve the y i) ) ‘
problem using Eq. 6-17. 250 N-m " 200 mm
50 mm
M, = 250 cos 32.9° = 209.9 N +m ° B
z -
—] 50 mm
M, = 2505sin 32.9° = 135.8 N-m 300 mm .
y = 0.15 cos 32.9° + 0.175sin 32.9° = 0.2210 m
. a £>~§,\'L__‘ -
z = —(0.175 cos 32.9° — 0.15 sin 32.9°) = —0.06546 m Ry S
N ",z_, .
) -
M.y Myz  —1358(0.2210)  209.9(—0.06546) P T N [y
a = = . g < S
4 L, 0.471(107%) 60.0(10~°) g e '
~ | ™
= —293 kPa = 293 kPa (C) Ans. v
|50mm
Z &
6-123. Solve Prob. 6-122 using the equation developed in 50 mm
Prob. 6-113. 4 7\/
y T
Internal Moment Components: \
200 mm 32.9°
M, =250N-m M.=0 0 -
y <
. . 1 [N\
Section Properties: 250 Netn ' R0 me
50 mm
1 1
1, = 15 (03)(005°) + 2{5 (0.05)(0.15%) + 0.05(0.15)(0.12)} ©o B
z -
300mm 0™
= 0.18125(10 %) m*
_1 3 1 3 2
1. = 5 (005)(03") + 2{5 (0.15)(0.05%) + 0.15(0.05)(0.125%)
= 0.350(107%) m*
I, = 0.15(0.05)(0.125)(—0.1) + 0.15(0.05)(—0.125)(0.1)
= —0.1875(107) m*
Bending Stress: Using formula developed in Prob. 6-113
“(M_ 1, + M,1,)y+ (M,I.+ M.],)z
o=
1,1, - I,
[0+ 250(—0.1875)(1073)](0.15) + [250(0.350)(1073) + 0](—0.175)
74 0.18125(107%)(0.350)(1073) — [0.1875(1073)]?
= —293 kPa = 293 kPa (C) Ans.
411
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*6-124. Using the techniques outlined in Appendix A, 50 mm
Example A.5 or A.6, the Z section has principal moments of A 7‘/
inertia of 7, = 0.060(10°) m* and I, = 0.471(10~%) m*, NT
computed about the principal axes of inertia y and z,
respectively. If the section is subjected to an internal 200 mm |\ 32.9°
moment of M = 250 N - m directed horizontally as shown, , O\ | A
determine the stress produced at point B. Solve the y i) ) ‘
problem using Eq. 6-17. 250 N-m ‘ 200 mm

50 mm

V4
4 B/
300mm 0™

Internal Moment Components:

M, = 250 cos 32.9° = 209.9 N-m
M, = 250sin32.9° = 1358 N-m
Section Property:
y" = 0.15c0s 32.9° + 0.175sin 32.9° = 0.2210 m
Z' = 0.15sin32.9° — 0.175 cos 32.9° = —0.06546 m

Bending Stress: Applying the flexure formula for biaxial bending

My’ M)"Z’
= +
7T I,
| 135.8(02210)  209.9(—0.06546)
7B T 0471(1077) 0.060(10~%)
= 293 kPa = 293 kPa (T) Ans.
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¢0-125. Determine the bending stress at point A of the

z
beam, and the orientation of the neutral axis. Using the 1.183 in.
method in Appendix A, the principal moments of inertia of 05in
the cross section are I, = 8.828 in* and Iy =2.295 in?, A‘; ’ Z
where z' and y’ are the principal axes. Solve the problem I ]
using Eq. 6-17.
4in &‘o
N C
Cl Y
_ 1.183in.
R {0.5in. |
M =3 kip - ft )
. y
4in.

Internal Moment Components: Referring to Fig. a, the y’ and z’ components of M
are negative since they are directed towards the negative sense of their respective
axes. Thus,

Section Properties: Referring to the geometry shown in Fig. b,
7y = 2.817 cos 45° — 1.183 sin 45° = 1.155 in.
V4 = —(2.817 sin 45° + 1.183 cos 45°) = —2.828 in.

Bending Stress:

My, M)"ZL“
+
I, Iy,

Oq4 = —

(—2.121)(12)(—2.828)  (—2.121)(12)(1.155)
8.828 2.295

= —20.97 ksi = 21.0 ksi (C) Ans.

/

(b)
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6-126. Determine the bending stress at point A of the z
beam using the result obtained in Prob. 6-113. The moments 1.183 in.
of inertia of the cross sectional area about the z and y axes 05in
are [, = I, = 5.561 in* and the product of inertia of the A Z
cross sectional area with respect to the z and y axes is 1 ]
- _ ‘04 :
I,, = —3267in . (See Appendix A)
4in &‘o
\ C
U Y
_ 1.183in.
o {0.5in. |
M = 3kip ‘ft )
y

4in.

Internal Moment Components: Since M is directed towards the negative sense of the y axis, its
y component is negative and it has no z component. Thus,

M, = —3kip-ft M,=0
Bending Stress:

—(M.L, + ML )ya + (ML + ML)z,
I, —1,°

—[0(5.561) + (=3)(12)(=3.267)|(~1.183) + [—3(12)(5.561) + 0(—3.267) |(2.817)
5.561(5.561) — (—3.267)*

= —20.97 ksi = 21.0 ksi Ans.

[183in.

(b)
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6-127. The composite beam is made of 6061-T6 aluminum
(A) and C83400 red brass (B). Determine the dimension 4 of
the brass strip so that the neutral axis of the beam is located
at the seam of the two metals. What maximum moment will
this beam support if the allowable bending stress for the
aluminum is (ogow)a = 128 MPa and for the brass
(o-allow)br = 35 MPa?

Section Properties:

E,  68.9(10%
n= = ———C =0.68218
Ey  101(10%)

by = nby = 0.68218(0.15) = 0.10233 m
_ 3y4A
YT sa
~0.025(0.10233)(0.05) + (0.05 + 0.5h)(0.15)h

0.05
0.10233(0.05) + (0.15)A

h = 0.04130 m = 41.3 mm

1
Ina=1, (0.10233)(0.05) + 0.10233(0.05)(0.05 — 0.025)?

1
+ E(0.15)(0.041303) + 0.15(0.04130)(0.070649 — 0.05)>

= 7.7851(107%) m*
Allowable Bending Stress: Applying the flexure formula

Assume failure of red brass

Mc
(O-allow)br = I

NA

M (0.04130
35(10°) = ( )

 7.7851(10°%)
M = 6598 N+-m = 6.60 kKN - m (controls!)

Assume failure of aluminium

Mc
(o-allow)al =n I
NA
M(0.05
128(10°) = 0.68218[¥}
7.7851(107%)

M =29215N-m = 292kN-m

‘ 150mm/"
|~

i -
e
k

040233 m

Ans.

Ans.
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*6-128. The composite beam is made of 6061-T6 aluminum
(A) and C83400 red brass (B). If the height & = 40 mm,
determine the maximum moment that can be applied to the
beam if the allowable bending stress for the aluminum is
(T alow)al = 128 MPa and for the brass (o 0w )or = 35 MPa.

Section Properties: For transformed section.

_ Ey  689(10%)

= el — 0.68218
" Ew  101.0(10%)

by, = nb, = 0.68218(0.15) = 0.10233 m

_ 3ya

YT saA
~0.025(0.10233)(0.05) + (0.07)(0.15)(0.04)
- 0.10233(0.05) + 0.15(0.04)

= 0.049289 m

1
Iva=1, (0.10233)(0.05%) + 0.10233(0.05)(0.049289 — 0.025)?

1
+ E(0.15)(0.043) + 0.15(0.04)(0.07 — 0.049289)>

= 7.45799(107¢) m*
Allowable Bending Stress: Applying the flexure formula

Assume failure of red brass

Mc
(O'allow)br = 17
NA
M(0.09 — 0.049289
35(10°) = ( )
7.45799(10°)
M = 6412N-m = 6.41 kN -m (controls!) Ans.

Assume failure of aluminium

Mc
(Uallow)al = I
NA
M(0.049289) }

128(10°) = 0.68218{
7.45799(10°°)

M = 28391 N-m = 284kN-m
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*0-129. Segment A of the composite beam is made from
2014-T6 aluminum alloy and segment B is A-36 steel. If
w = 0.9 kip/ft, determine the absolute maximum bending
stress developed in the aluminum and steel. Sketch the
stress distribution on the cross section.

Maximum Moment: For the simply-supported beam subjected to the uniform
wr?  09(15?)
distributed load, the maximum moment in the beam is M,,,,, = 3 = g

= 253125 kip - ft.

Section Properties: The cross section will be transformed into that of steel as

E .
La 106 _ 3655,

shown in Fig. a. Here,n = E, " 29

Then by, = nb, = 0.3655(3) = 1.0965 in. The location of the centroid of the
transformed section is

SyA _ 15(3)(3) + 4.5(3)(1.0965)

A 3(3) + 3(1.0965) = 2.3030 in.

; =
The moment of inertia of the transformed section about the neutral axis is

. 1
=31+ Ad* = E(3)(33) + 3(3)(2.3030 — 1.5)?

1
+ E(1.0965)(33) + 1.0965(3)(4.5 — 2.3030)?

= 30.8991 in*
Maximum Bending Stress: For the steel,

| My, 25.3125(12)(2.3030)
(Omadsr = = = 30.8991

= 22.6 ksi

At the seam,

My 25.3125(12)(0.6970)
O 5t|y=0.6970 in. — Ji = 30.8991

= 6.85 ksl

For the aluminium,

25.3125(12)(6 — 2.3030)

Mm X
()l = n% - 0.3655{

30.8991
At the seam,
M paxy 25.3125(12)(0.6970) _
Tally—06970in. = 1 “I‘ = 0.3655[ 308991 = 2.50 ksi

The bending stress across the cross section of the composite beam is shown in Fig. b.

Ans.

} = 13.3 ksi Ans.

a2, =
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6-130. Segment A of the composite beam is made from
2014-T6 aluminum alloy and segment B is A-36 steel. If
the allowable bending stress for the aluminum and steel
are (oaow)a = 15 ksi and (oaow)st = 22 ksi, determine
the maximum allowable intensity w of the uniform
distributed load.

Maximum Moment: For the simply-supported beam subjected to the uniform b
st
distributed load, th(e me)lximum moment in the beam is
wl?  w(15?

Mmax = ? = 3 = 28.125w. —
Section Properties: The cross section will be transformed into that of steel as 3 in.

E, 106
shown in Fig. a. Here,n = —% = = = (.3655. N

E, 29

. . . Al 3in.

Then by, = nb, = 0.3655(3) = 1.0965 in. The location of the centroid of the fa‘
transformed section is l

SyA _ 15Q)0) + 4503)(1.09%5) " 37 ’I‘

Y 3(3) + 3(1.0965)

The moment of inertia of the transformed section about the neutral axis is ‘ a )
_ 1 1
_ 2 _ 3 _ 2 3
1=3T+Ad =2 (3)(3%) + 3(3)(2:3030 — 1.5)> + 12(1.0965)(3 )

+ 1.0965(3%) + 1.0965(3)(4.5 — 2.3030)?

= 30.8991 in*

Bending Stress: Assuming failure of steel,

(Tatton)sy = Minax €y 5y — (28125w)(12)(2.3030)
allow ) st b 5 30.8991
w = 0.875 kip/ft (controls) Ans.

Assuming failure of aluminium alloy,

Mo Cut (28.125w)(12)(6 — 2.3030)
(Uallow)al = n#; 15 = 0.3655 30.8991

w = 1.02 kip/ft
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6-131. The Douglas fir beam is reinforced with A-36 y
straps at its center and sides. Determine the maximum
stress developed in the wood and steel if the beam
is subjected to a bending moment of M, = 7.50 kip - ft. 0.5 in. 0.5 in. 0.5 in.
Sketch the stress distribution acting over the cross section. ﬂ ‘k ﬂ E a‘ r

6 in. z

~—2in— —2in.—

Section Properties: For the transformed section.

E, 1.90(10%
n=""=_""—2=0065517
Eyq  29.0(10%)

by = nb, = 0.065517(4) = 0.26207 in.
1
Ina =15 (15 +026207)(6°) = 317172 in’

Maximum Bending Stress: Applying the flexure formula

_ Mc _15(12)3)

Omads =77 = 5y 717, = 851k Ans.
Mc 7.5(12)(3) .
(O'max)w =n T = 0.065517|:W = 0.558 ksi Ans.

ER

ale
/bu *0-Z620] in,
15,1,

419
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*6-132. The top plate is made of 2014-T6 aluminum and is
used to reinforce a Kevlar 49 plastic beam. Determine the
maximum stress in the aluminum and in the Kevlar if the
beam is subjected to a moment of M = 900 Ib - ft.

Section Properties:

E;  10.6(10°)
E.  19.0(10%)

n = = 0.55789

by = nby = 0.55789(12) = 6.6947 in.

YA 025(13)(0.5) + 2[(3.25)(5.5)(0.5)] + 5.75(6.6947)(0.5)
SA 13(0.5) + 2(5.5)(0.5) + 6.6947(0.5)

= 2.5247 in.

y =

Iya = 113 (13)(0.5%) + 13(0.5)(2.5247 — 0.25)?
+ 11*2(1>(5.53) +1(5.5)(3.25 — 2.5247)?

1
+ E(6.6947)(0.53) + 6.6947(0.5)(5.75 — 2.5247)?

= 85.4170 in*

Maximum Bending Stress: Applying the flexure formula

. Mc 900(12)(6 — 2.5247)} B .
(Omax)a = 1 7 " 0.55789 { 85,4170 = 245 psi Ans.
_ Mc 900(12)(6 — 2.5247) .
(Omadk = = = 954168 = 439 psi Ans.
420
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¢6-133. The top plate made of 2014-T6 aluminum is used
to reinforce a Kevlar 49 plastic beam. If the allowable
bending stress for the aluminum is (o ,oy)a = 40 ksi and
for the Kevlar (oyow)k = 8 ksi, determine the maximum
moment M that can be applied to the beam.

Section Properties:

E; 10.6(10°)
Er  19.0(10%)

n= = 0.55789

by = nby = 0.55789(12) = 6.6947 in.

_ ZyA  025(13)(0.5) + 2[(3.25)(5.5)(0.5)] + 5.75(6.6947(0.5) e
YTosa T 13(0.5) + 2(5.5)(0.5) + 6.6947(0.5) l_‘k W*?ﬂi

= 2.5247 in. oo fom
o.5in.

Ing = % (13)(0.5%) + 13(0.5)(2.5247 — 0.25)? e o

o5in osin

+ 11*2(1)(5.53) + 1(5.5)(3.25 — 2.5247)?

1
* 1 (6.6947)(0.5%) + 6.6947(0.5)(5.75 — 2.5247)?

= 85.4170 in*
Maximum Bending Stress: Applying the flexure formula

Assume failure of aluminium

Mc
(Uallow)a/ = nT
40 = 055789 {M(6 — 2.5247)}
e 85.4170

M = 1762 kip-in = 146.9 kip - ft

Assume failure of Kevlar 49

(Tatowk = %
_ M(6 — 2.5247)
85.4170
M = 196.62 kip - in
= 16.4 kip - ft (Controls!) Ans.
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6-134. The member has a brass core bonded to a steel
casing. If a couple moment of 8 kN - m is applied at its end,
determine the maximum bending stress in the member.
Ey, = 100 GPa, Ey = 200 GPa.

_ Ep _ 100 _
E, 200

0.5

I= %(0.14)(0.14)3 - %(0.05)(0.1)3 = 27.84667(10~%)m*

8 kN-m

4
20 mm —— =
omm | 14

-
20 mm— “—20 mm

100 mm
Maximum stress in steel:
Zfmm 7~ 00) * 50 mm
(@) Mc, 8(10%)(0.07) 20.1 MP (max) A 2
o = =———=120. a max ns. £,
WML 27.84667(107°) " “'ﬂ
Maximum stress in brass:
ottt
nMc,  0.5(8)(10%)(0.05) Do) toomm o
(Tor)max = = —~ =718MPa
I 27.84667(107°)
6-135. The steel channel is used to reinforce the wood

beam. Determine the maximum stress in the steel and in
the wood if the beam is subjected to a moment of
M =850 Ib-ft. Ey = 29(10%) ksi, E,, = 1600 ksi.

(0.5)(16)(0.25) + 2(3.5)(0.5)(2.25) + (0.8276)(3.5)(2.25)
0.5(16) + 2(3.5)(0.5) + (0.8276)(3.5)

y =

I= %(16)(0.53) + (16)(0.5)(0.8886%) + 2(%)(0.5)(3.53) + 2(0.5)(3.5)(1.1114?)

+ %(0.8276)(3.53) + (0.8276)(3.5)(1.1114%) = 20.914 in*

Maximum stress in steel:

Mc  850(12)(4 — 1.1386)
(a'sl =7 =

1 20.914

Maximum stress in wood:

(o) =
= 0.05517(1395) = 77.0 psi

n(Ust)max

= 1395 psi = 1.40 ksi

= 1.1386 in.

nos)s0p27e
[ 7
Ans.
Ans.
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*6-136. A white spruce beam is reinforced with A-36 steel
straps at its top and bottom as shown. Determine the
bending moment M it can support if (o ow)st = 22 ksi
and (o ow)w = 2.0 ksi.

Section Properties: For the transformed section. o
=
E, 1.40(10%)  — Y
n=—"=_———"=0.048276 _

Ey,  29.0(10%) 2in,

N A

by = nb,, = 0.048276(3) = 0.14483 in. b0 rpagsm{f— me,

— 1 3 1 3\ _ . 4 e J_ o5

Ina =15 3)(5) = 15 (3 — 0.14483)(4) = 16.0224 in T

Allowable Bending Stress: Applying the flexure formula

Assume failure of steel

Mc
(Uallow)st = T

. M(25)
T 16.0224

M = 141.0kip-in
= 11.7 kip - ft (Controls!) Ans.

Assume failure of wood

My
(Uallow)w =n Ji
20 = 0048276{ M2) }
T 16.0224

M = 331.9kip-in = 27.7 kip - ft
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¢0-137. If the beam is subjected to an internal moment of
M = 45 kN -m, determine the maximum bending stress
developed in the A-36 steel section A and the 2014-T6

aluminum alloy section B. A

50 mé

|
T
/

Section Properties: The cross section will be transformed into that of steel as shown in Fig. a.
E, 731(10°)
Here, n = — = —F"—-
Eq 200(10%)
location of the transformed section is

— 0.3655. Thus, b, = nb, = 0.3655(0.015) = 0.0054825 m. The

2
54 0.075(0.15)(0.0054825) + 0.2{77(0.05 )]

y =
ZA 0.15(0.0054825) + 7(0.05%)

= 0.1882 m

The moment of inertia of the transformed section about the neutral axis is
- 1
I =31+ Ad*> = 5(0.0054825)(0.153> + 0.0054825(0.15)(0.1882 — 0.075)?
1 4 2 2
+ m(0.05%) + 7(0.057) (0.2 — 0.1882)
= 18.08(107°) m*

Maximum Bending Stress: For the steel,

Me,  45(10%)(0.06185)
(Omax)st = = = 154 MPa Ans,
! 18.08(107°)

For the aluminum alloy,

Me, 45(10°)(0.1882)
(Tt = 1 =03655| ——————— | =171 MPa Ans.
Y 18.08(107°)
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6-138. The concrete beam is reinforced with three 20-mm
diameter steel rods. Assume that the concrete cannot
support tensile stress. If the allowable compressive stress
for concrete is (0 aow)con = 12.5 MPa and the allowable 200
tensile stress for steel is (0 auow)st = 220 MPa, determine ‘
the required dimension d so that both the concrete and steel M

achieve their allowable stress simultaneously. This condition d
is said to be ‘balanced’. Also, compute the corresponding ‘\
maximum allowable internal moment M that can be applied
to the beam. The moduli of elasticity for concrete and steel
are E ., = 25 GPa and Ey = 200 GPa, respectively.

0
. . . 0
Bending Stress: The cross section will be transformed into that of concrete as shown \/

- Ey 200 . .
in Fig. a. Here, n = £~ 5 T 8. It is required that both concrete and steel

achieve their allowable stress simultaneously. Thus,

M M
(Uallow)con = %; 125(1()6) = %
6 I
M = 12.5(10°) "
CCO"
Mc M(d - CCUYL)
(a'allow)st = nTﬂ; 220(106) = 8|:I:|
. I
M =275(10°) -—— )

Equating Egs. (1) and (2),

12.5(106)<C;> = 27.5(106)<d_lcm>

Coon = 0.3125d (3) A3)

Section Properties: The area of the steel barsis A, = 3{% (0.022” = 0.3(10_3)77 m°.

Thus, the transformed area of concrete from steel is (A.,,); = nA; = 8[0.3(10’3)77]

= 2.4( 10_3>7r m?. Equating the first moment of the area of concrete above and below
the neutral axis about the neutral axis,

02(Ceon)(Ceon/2) = 24(107 )7 (d — ceon)

0.dcen = 24(107%)md — 2.4(107%)mc,,,

Coon? = 0.0247d — 0.0241¢,,), )
Solving Egs. (3) and (4),

d = 05308 m = 531 mm Ans.

Ceon = 0.1659 m

Thus, the moment of inertia of the transformed section is

I= %(0.2)(0.16593) + 2.4(107%)7(0.5308 — 0.1659)?

425
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6-138. Continued

= 1.3084(107%) m*

Substituting this result into Eq. (1),

1.3084(107%)
0.1659

<
|

= 12.5(10°)

98 59498 N-m = 98.6 kN - m,

Ans.

6-139. The beam is made from three types of plastic that
are identified and have the moduli of elasticity shown in the
figure. Determine the maximum bending stress in the PVC.

160 ,
(bp)r = my b = %(3) = 0.61n.

450 4
(boi)a = M2 by = g (3) = 16875 in,

_SyA  (DB3)2) + 3(0.6)(2) + 4.5(1.6875)(1)
 3A 3(2) + 0.6(2) + 1.6875(1)

y

= 1.9346 in.

I= % (3)(2%) + 3(2)(0.9346%) + 11—2 (0.6)(2%) + 0.6(2)(1.0654%)

1
+ E(1.6875)(13) + 1.6875(1)(2.5654%) = 20.2495 in*

Me_ (45D)150002)6 0650

" = 800 202495

(Umax)pvc = I

= 1.53 ksi

500 1b

500 1b

'

PVC Epye = 450 ksi

- Escon Ej = 160 ksi

,
1 Bakelite Egz = 800 ksi
—3ft— 4 ft —3 ft—
4
lin. __
21in.
2 1in.
‘3 in.
Soolk 5001k
| 34¢ <t | 24,
|
[ &)
S00 /b Ss076
Ans. sp 5t
) Ming, = 1500 1h:$t
Se0lb

U’us) x lin
q’lﬁ 2in
~ A

.ﬁl Lin

—

in
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*6-140. The low strength concrete floor slab is integrated
with a wide-flange A-36 steel beam using shear studs (not
shown) to form the composite beam. If the allowable
bending stress for the concrete is (0 yow)con = 10 MPa, and
allowable bending stress for steel is (o 10w)st = 165 MPa,
determine the maximum allowable internal moment M that
can be applied to the beam.

Section Properties: The beam cross section will be transformed into

that of steel. Here _ Eeon _ 221 _ 0.1105.  Thus
: o "R, T 200 Y :

by = nb.,, = 0.1105(1) = 0.1105 m. The location of the transformed section is

R

YT saA
~0.0075(0.015)(0.2) + 0.2(0.37)(0.015) + 0.3925(0.015)(0.2) + 0.45(0.1)(0.1105)
- 0.015(0.2) + 0.37(0.015) + 0.015(0.2) + 0.1(0.1105)

=0.3222m

The moment of inertia of the transformed section about the neutral axis is
=31+ Ad’ = i(0 2)(0.015°)

1 © .

+ 0.2(0.015)(0.3222 — 0.0075)?

1
+ E(0.015)(0.373) + 0.015(0.37)(0.3222 — 0.2)?
+ % (02)(0.015%) + 0.2(0.015)(0.3925 — 0.3222)

1
+ E(0.1105)(0.13) + 0.1105(0.1)(0.45 — 0.3222)?

= 647.93(10 ) m*
Bending Stress: Assuming failure of steel,

Me, M(0.3222)
(Tattow)st = ——3  165(10°) = ———"—
e (1% 647.93(10°°)

M =331770.52N+m = 332kN-m

Assuming failure of concrete,

Mc
(Uallow)con = n%; 10(106> = 0.1105

M(0.5 — 0.3222)
647.93(107°)

M = 329849.77 N-m = 330 kN - m (controls) Ans.
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¢0-141. The reinforced concrete beam is used to support
the loading shown. Determine the absolute maximum
normal stress in each of the A-36 steel reinforcing rods and

10 kip 10 kip
81in.

the absolute maximum compressive stress in the concrete. |

151in.

Assume the concrete has a high strength in compression O

and yet neglect its strength in supporting tension. ‘ it
~—4 ft

M o = (10 kip)(4 ft) = 40 kip - ft
A, = 3(m)(0.5)? = 23562 in®

E,, = 29.0(10%) ksi

E,,, = 4.20(10%) ksi

~29.0(10°)

A =nA, = - (2.3562) = 16.2690 in’
4.20(10%)

h/

SYA = 0; 8(h’)(7) —162690(13 — h') = 0

h'? + 4.06724h — 52.8741 = 0
Solving for the positive root:

h' = 5.517 in.

I= %(8)(5.517)3 + 8(5.517)(5.517/2)* | + 16.2690(13 — 5.517)?

= 1358.781 in*
My 40(12)(5517) ,
(Ucon)max - I - 1358781 = 195 kSl
_(My\ 29.0(103)> <40(12)(13 - 5.517)) B )
(a)ene = n< I > B <4.20(103) 1358.781 = 183ksi

i i —
=

I s o

| 8 ft 4 fta‘ 2in.

1 in. diameter rods

yokip 104
4 4
ki lokip
m : 40*“9. ’f

l x

P
h’
N —al! 314,

E n ]

Ans.

Ans.
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6-142. The reinforced concrete beam is made using two
steel reinforcing rods. If the allowable tensile stress
for the steel is (0g)aiow = 40 ksi and the allowable
compressive stress for the concrete is (0 ¢one)alow = 3 KSi,
determine the maximum moment M that can be applied to
the section. Assume the concrete cannot support a tensile
stress. Ey, = 29(10%) ksi, Eope = 3.8(10%) ksi.

A, = 2(7)(0.5)? = 1.5708 in®

29(10%)

A = nA, =
1T 38(10%)

(1.5708) = 11.9877 in?

SyA =0, 22(4)(h" + 2) + h'(6)(h'/2) — 11.9877(16 — h') = 0
3h% + 99.9877h" — 15.8032 = 0
Solving for the positive root:

h' = 0.15731 in.
I= %(22)(4)3 + 22(4)(2.15731)2} + {% (6)(0.15731)* + 6(0.15731)(0.15731/2)?

+ 11.9877(16 — 0.15731)? = 3535.69 in*
Assume concrete fails:

My  M(4.15731)
I° T 3535.69

(Ucon)allow =
M = 2551 kip - in.

Assume steel fails:

My ~(2910%) \( M(16 — 0.15731)
(Ust)allow - n(T)’ 40 = <38(1O3)>< 3535.69 >

M = 1169.7 kip - in. = 97.5 kip - ft (controls) Ans.
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6-143. For the curved beam in Fig. 6-40a, show that when
the radius of curvature approaches infinity, the curved-beam
formula, Eq. 6-24, reduces to the flexure formula, Eq. 6-13.

Normal Stress: Curved-beam formula

M(R —
0=¥ whereA’=/ﬁ and R = .A :A,
Ar(r — R) ar e A
M(A — rA")
=< 1]
Ar(rA’ — A)
r=r+y 2]
?A’:?/d—:/(,r —1+1)dA
AT ANT Y
=/(ri’_y+1)dA
A r+y
:A—/,y dA 3]
Al Ty

Denominator of Eq. [1] becomes,

Ar(rA’—A)zAr(A—/y dA—A)z—Ar/y dA
Aty Al +y

Using Eq. [2],

- r
Ar(rA’—A)=—A/<y +y—y>dA—Ay/y dA
A\r+y aArty

y y
:A/, dA—AfAydA—Ay/,—dA
A Ar-‘ry

r+y
A vy’ Ay/ y
- = dA — A dA — — dA
r/4<1+)f> Jay roJa\1+12
y
But, fA ydA =0, as=— 0
r
— A
Then, Ar(rA' — A) — =1
r
Mr
Eq.[1 =—(A-rA
g.[1] becomes o= ( rA’)
Mr _
Using Eq. [2], o= A—;(A —FA = yA")

Using Eq. [3],

M A
o=20 4 A—/,y dA —y/,d
Al ar+y Arty

Mr dA
==L /7)/ dA—y/,
Al Al Ty AF Ty
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6-143. Continued

As 20
r
Yy
7 _ y dA '\ _y YA
A<1+$>d’4_ and r[,<1+{>_rff‘dA_r
Mr yA) My
Theref == ()= =2 E.D.
erefore, o AI( - 7 «Q )

*6—144. The member has an elliptical cross section. If it is
subjected to a moment of M = 50 N-m, determine the
stress at points A and B. Is the stress at point A’, which is
located on the member near the wall, the same as that at A?
Explain.

a4 _Zmb G _NEo

AT a

27(0.0375) ; i
= =05 (0175 = V075> — 0.075) = 0.053049301 m

A = mab = m(0.075)(0.0375) = 2.8125(10"%)7r

A 2812510 )7

R = -
S A# 0.053049301

= 0.166556941

r — R = 0.175 — 0.166556941 = 0.0084430586

M(R — ry) 50(0.166556941 — 0.1)

T4 = = = = = 446k Pa (T) Ans.
Ary (r — R)  2.8125(10 )7 (0.1)(0.0084430586)
M(R — rp) 50(0.166556941 — 0.25)

op = = = 3 = 224 kPa (C) Ans.
Arg(r — R)  2.8125(10°)7r (0.25)(0.0084430586)

No, because of localized stress concentration at the wall. Ans.
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¢0-145. The member has an elliptical cross section. If the
allowable bending stress is o, = 125 MPa determine the
maximum moment M that can be applied to the member.

a = 0.075 m; b = 0.0375 m

A = 7(0.075)(0.0375) = 0.0028125 7

. 2m(0.0375
/ da _2mb o Ny = OB (195 - Nea7st = 0075
AT a 0.075

= 0.053049301 m

A 0.00281257

R = =
S A# 0.053049301

= 0.166556941 m

r— R =0.175 — 0.166556941 = 8.4430586(10 %) m

MR -7
77 Arr - R)

Assume tension failure.

M(0.166556941 — 0.1)

125(10%) =
(10%) 0.00281257(0.1)(8.4430586)(10~3)

M = 140kN-m (controls) Ans.
Assume compression failure:

M(0.166556941 — 0.25)
0.00281257(0.25)(8.4430586)(10 )

—125(10% =

M =279kN-m
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6-146. Determine the greatest magnitude of the applied 75 mm
forces P if the allowable bending stress is (0 yow)c = 50 MPa P — |
in compression and (0 0w); = 120 MPa in tension. D e —— 10mm
160 mm10 mm 150 mm
_}l,_> ‘ ‘ :# 10 mm
150 mm
250 mm

Internal Moment: M = 0.160P is positive since it tends to increase the beam’s
radius of curvature.

Section Properties:

STA

A

_0.255(0.15)(0.01) + 0.335(0.15)(0.01) + 0.415(0.075)(0.01)
B 0.15(0.01) + 0.15(0.01) + 0.075(0.01)

;=

= 0.3190 m

A = 0.15(0.01) + 0.15(0.01) + 0.075(0.01) = 0.00375 m?

dA 026 0.41 0.42
s [ 015m 222 4 001 In 2% + 0.075In —>
| 0 Ingos 00T e+ 0075 In i
= 0012245 m
R A 000375 o643 m

T3 fd4 0012245

r — R =0.319 — 0.306243 = 0.012757 m
Allowable Normal Stress: Applying the curved-beam formula

Assume tension failure

B M(R —r)
(Uallow)l - Ar(; _ R)

o 0.16P(0.306243 — 0.25)
120(10°) =
0.00375(0.25)(0.012757)

P = 159482 N = 159.5 kN

Assume compression failure

( M (R-r)
Callow): = Ar(; ~R)
. 0.16P(0.306243 — 0.42)
-50(10°) =
0.00375(0.42)(0.012757)
P = 55195 N = 552 kN (Controls !) Ans.
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6-147. If P = 6 kN, determine the maximum tensile and 75 mm
compressive bending stresses in the beam. F— |
4—{) 10 mm
160 mm10 mm 150 mm
_}l,_> ‘ ‘ :# 10 mm
150 mm
250 mm
Internal Moment: M = 0.160(6) = 0.960 kN - m is positive since it tends to increase —
the beam’s radius of curvature.
Section Properties: obe
~ 3ZyA o|3 &
"T3a g%
S
_0.255(0.15)(0.01) + 0.335(0.15)(0.01) + 0.415(0.075)(0.01)
B 0.15(0.01) + 0.15(0.01) + 0.075(0.01)
= 0.3190 m
A = 0.15(0.01) + 0.15(0.01) + 0.075(0.01) = 0.00375 m>
dA 0.26 0.41 0.42
X[ —=015In——+00lln—— + 0.075In ——
T O Ings 00 g 00T I
= 0.012245 m
A 0.00375
R=— = = 0.306243
s/, 44 0012245 "
r — R =0.319 — 0306243 = 0.012757 m
Normal Stress: Applying the curved-beam formula
( ), = M(R —r)
Tmat T Ar(r — R)
~0.960(10%)(0.306243 — 0.25)
©0.00375(0.25)(0.012757)
= 4.51 MPa Ans.
(on), = ME 1)
Tmade T Ar(r — R)
_ 0.960(10%)(0.306243 — 0.42)
©0.00375(0.42)(0.012757)
= —5.44 MPa Ans.
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*6-148. The curved beam is subjected to a bending
moment of M = 900 N -m as shown. Determine the stress

at points A and B, and show the stress on a volume element
located at each of these points.

100 mm

— ¢

A. J‘L 20 mm
1I5Smm — —
150 mm
B

Internal Moment: M = —900 N - m is negative since it tends to decrease the beam’s
radius curvature.

Section Properties:
S A = 0.15(0.015) + 0.1(0.02) = 0.00425 m>
SrA = 0.475(0.15)(0.015) + 0.56(0.1)(0.02) = 2.18875(10"%) m*

_ SrA 218875 (107

"Tsa 000425 0d0m
d 0.55 0.57
S “—==0015ln— + 0.11ln—— = 8.348614(10 >
/A r 04 1055 (107 m
R A 00085 0.509067 m

T3/ 8.348614(10°)

r — R = 0.515 — 0.509067 = 5.933479(10 %) m

Normal Stress: Applying the curved-beam formula

_ M(R-r,)  —900(0.509067 — 0.57)
TAT Ara(r— R) 0.00425(0.57)(5.933479)(10%)
= 3.82 MPa (T) Ans.
MR —rg)  —900(0.509067 — 0.4)
BT Arg(r — R)  0.00425(0.4)(5.933479)(107%)
= —9.73 MPa = 9.73 MPa (C) Ans.
]
(
L -
4
NI
4 “6 r F I O
T T
3 Y
T i

Gedezmbe  Gughmp
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*0-149. The curved beam is subjected to a bending
moment of M = 900 N -m. Determine the stress at point C.

100 mm
A £l
=" 20 mm
1Smm — ~—
150 mm
B
Internal Moment: M = —900 N - m is negative since it tends to decrease the beam’s ]
radius of curvature. E "\—_’
Section Properties: £
£
S A = 0.15(0.015) + 0.1(0.02) = 0.00425 m> § ,;f\ j c
)
SrA = 0.475(0.15)(0.015) + 0.56(0.1)(0.02) = 2.18875(10"%) m ,El A
©
_ SrA 218875 (107%)
TTSA T oooas  dB0m
d 0.55 0.57
S [ =—=0015In—— + 0.1ln——— = 8.348614(1073
A r 04 1055 (107 m
R = A 0.00425 = 0.509067 m

S/, 8.348614(107%)

r — R =0.515 — 0.509067 = 5.933479(107%) m

Normal Stress: Applying the curved-beam formula

C M(R-rc)  —900(0.509067 — 0.55)
¢ Arc(r — R)  0.00425(0.55)(5.933479)(1073)
= 2.66 MPa (T) Ans.
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6-150. The elbow of the pipe has an outer radius of
0.75 in. and an inner radius of 0.63 in. If the assembly is % a —
30° P

subjected to the moments of M = 25 1b-in., determine the

. . M =251b-in.
maximum stress developed at section a—a.

dA - =
A
0.63 in.
=2m(1.75 — V175 — 075%) — 27 (1.75 — V1.75° — 0.63%) 0;5 in!

= 0.32375809 in.
A = 7(0.75%) — 7(0.63%) = 0.1656 7 %_/
A 0.1656 M =251b-in.

R= Jdh 032375809 1.606902679 in.

r— R =175 — 1.606902679 = 0.14309732 in.

M(R = r,) 251606902679 — 1)

= _ = = 204 psi (T Ans.
@man = G R) ~ 0.1656 m(1)(0.14300732) — 204 Psi(D) s
L MR—rp) 250606902679 -25) A
@m)e = = T R) T 0.1656m(2.5)(014300732) — 120Psi(©) s
6-151. The curved member is symmetric and is subjected 0.5 in.

to a moment of M = 600 1b-ft. Determine the bending
stress in the member at points A and B. Show the stress
acting on volume elements located at these points.

A=0502) + %(1)(2) = 2in?

s7A 9(0.5)(2) + 8.6667(3)(1)(2)

r= SA 2 = 8.83333 in.
dA 10 1(10) { 10 } } )
—=05In—+ | ———|In— |- 1[=0. .
nr OSln8 {(10—8) ln8 1 0.22729 in
A 2
R = =——— =28, in. in
f44 022729 87993 In o
r — R = 8.83333 — 8.7993 = 0.03398 in. :J— ‘_[ .
M(R —r)
g =——"—
Ar(r — R)

~600(12)(8.7993 — 8)

’,acxsl
= = 10.6 ksi (T Ans.
7a 2(8)(0.03398) 06 ksi (T) s %

op = 600(12)B7993 = 10) _ 1) 2y — 127 ksi (©) Ans.
2(10)(0.03398)

1T Kse
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*6-152. The curved bar used on a machine has a
rectangular cross section. If the bar is subjected to a couple
as shown, determine the maximum tensile and compressive
stress acting at section a—a. Sketch the stress distribution
on the section in three dimensions.

C+SMy=0; M — 250 cos 60° (0.075) — 250 sin 60° (0.15) = 0
M = 41851 N-m

A ™ Z 0051 2237

— 0018974481
L " 0.1625 018974481 m

A = (0.075)(0.05) = 3.75(107%) m?

R = A _ 3750107) = (.197633863
T [4a T 0018974481 "

r — R =02 — 0.197633863 = 0.002366137

_ M(R-r,)  41.851(0.197633863 — 0.2375)

= = = = —791.72 kP.
74 Ara(r — R)  3.75(1073)(0.2375)(0.002366137) 4
= 792 kPa (C) Ans.
M(R — rg)  41.851 (0.197633863 — 0.1625)
op = = = = = 1.02 MPa (T) Ans.
Arg(r — R)  3.75(107%)(0.1625)(0.002366137)
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¢0-153. The ceiling-suspended C-arm is used to support
the X-ray camera used in medical diagnoses. If the camera
has a mass of 150 kg, with center of mass at G, determine
the maximum bending stress at section A.

Section Properties:

STA _ 1.22(0.1)(0.04) + 1.25(0.2)(0.02)

"7 za 0.1(0.04) + 0.2(0.02) - L2m
dA 1.24 1.26
—=01ln-—=-+02In— = 6. -

> [ T =0l T 02In o 6.479051(1073)m

A = 0.1(0.04) + 0.2(0.02) = 0.008 m>

Ro A _ 0.008
J494 6.479051 (107°)

= 1234749 m

r— R =1235 — 1234749 = 0.251183(10 %) m

Internal Moment: The internal moment must be computed about the neutral axis as
shown on FBD. M = —1816.93 N-m is negative since it tends to decrease the

beam’s radius of curvature.
Maximum Normal Stress: Applying the curved-beam formula

M(R - rA)

TAT Ar (r - R)

—1816.93(1.234749 — 1.26)
0.008(1.26)(0.251183)(10 )

= 18.1 MPa (T)

M(R - rB)

ArB (; - R)
—1816.93(1.234749 — 1.20)
0.008(1.20)(0.251183)(10~?)

= —262MPa = 262MPa (C)  (Max)

Ans.

150¢9.81) =14715 N

M= Bl I3 N-m
U T
R+[.234M9m
14Ti5N

A 4&}/;
/-24m
.E'_-ﬁ_...‘

3

3

439




06 Solutions 46060 _Part2 5/26/10 1:18 PM Page 440 $

© 2010 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.

6-154. The circular spring clamp produces a compressive 10 mm —| h

force of 3 N on the plates. Determine the maximum bending 0”20 mm
stress produced in the spring at A. The spring has a T
rectangular cross section as shown.

Internal Moment: As shown on FBD, M = 0.660 N - m is positive since it tends to
increase the beam’s radius of curvature.

‘ BN

Section Properties:

r = - ().2()5 m

A _ 0.21 _ -3
= bIn-% = 0.021n 70 = 0.97580328(107°) m

AT rq .
A = (0.01)(0.02) = 0.200(10"%) m?

A 0.200(1073)
R - _ —- = 0.204959343 m
[44 0.97580328(10°7)

7 — R = 0205 — 0.204959343 = 0.040657(107%) m
Maximum Normal Stress: Applying the curved-beam formula

_ M(R - l’z)
€ An(F — R)

~0.660(0.204959343 — 0.21)
0.200(1073)(0.21)(0.040657)(10 )

= —1.95MPa = 1.95 MPa (C)

_ M(R - rl)
7T Ar (F - R)

~0.660(0.204959343 — 0.2)
0.200(1073)(0.2)(0.040657)(10 )

= 2.01 MPa (T) (Max) Ans.

M=20660 N.m

-+ i dow

3N

Hro2m “l

| 12=02Im
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6-155. Determine the maximum compressive force the 10 mm —~{ |-
spring clamp can exert on the plates if the allowable I]izo mm
bending stress for the clamp is o7 = 4 MPa. ‘ T

‘ BN

220 mm

Section Properties: Moy = O- 424959 P
- .
0.200 + 0.210
P 0205 m » 5| &
2 o & $
N it 2
dA 021 it
b2 =002 = 097580328(10) m §§
AT r 0.20 8
P
A = (0.01)(0.02) = 0.200(10"%) m?
A 0.200(103
R = (107 __ 0.204959 m

/44 0.97580328(10°%)

7 — R = 0205 — 0.204959343 = 0.040657(107%) m

Internal Moment: The internal moment must be computed about the neutral axis as
shown on FBD. M, = 0.424959P is positive since it tends to increase the beam’s
radius of curvature.

Allowable Normal Stress: Applying the curved-beam formula
Assume compression failure

M(R - }’2)
O¢ = Oallow = m

0.424959P(0.204959 — 0.21)
0.200(107%)(0.21)(0.040657)(1073)

—4(10%) =

P =318 N

Assume tension failure

M(R - rl)
0 = Oallow = m
4(10) = 0.424959P(0.204959 — 0.2)
0.200(107%)(0.2)(0.040657)(10~3)
P = 3.09N (Controls !) Ans.
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*6-156. While in flight, the curved rib on the jet plane is
subjected to an anticipated moment of M = 16 N+ m at the
section. Determine the maximum bending stress in the rib
at this section, and sketch a two-dimensional view of the
stress distribution.

16 N- 0.6 m
205mnrlnm 77 5
R mm
5 mm -
30mm" \
0.605 0.625 0.630 an $.770R%
A/r = (0.03)1 + (0.005)In ———= + (0.03)In ——— = 0.650625(1073) in.
Ad /r = (003)ln == + (0.005)In e+ (0.03)In T o0 = 0.650625(1077) in ﬂ
A = 2(0.005)(0.03) + (0.02)(0.005) = 0.4(1073) in® 45,7 M0
A 0.4(1073
= = ( )_3 = 0.6147933
J4dA/r  0.650625(107%)
(0 = MR -r) 16(0.6147933 — 0.630) 6T MP
Tmax T 4p (F— R) 0.4(107%)(0.630)(0.615 — 0.6147933) ?
) MR — ry) 16(0.6147933 — 0.6) 477 MP A
) = = = 4. ns.
Tdmas = U G — R) . 0.4(102)(0.6)(0.615 — 0.6147933) a s
¢0-157. If the radius of each notch on the plateis 7 = 0.5 in., 14.5 in.

determine the largest moment that can be applied. The
allowable bending stress for the material is oy, = 18 ksi.

145 - 125

2 = 1.0in.
b 1 r 0.5
7—@—2.0 2—712.5—0.04

From Fig. 6-44:
K =2.60

Mc
Omax = K—

1

(M)(6.25) }

3\ —
18(10%) = 2.60{ 1 azsy

M = 180288 1b-in. = 15.0 kip - ft Ans.

442




06 Solutions 46060_Part2

5/26/10 1:18 PM Page 443

—p—

© 2010 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.

6-158. The symmetric notched plate is subjected to

w 80
h 20

Stress Concentration Factor: From the graph in the text with

w80 andl =2 — 025 then K — 1.45.

h 20

Maximum Bending Stress:

Mc

Omax = K

1

B [ 17.5(0.01) }
© L 5(0.007)(0.02%)

= 54.4 MPa

bending. If the radius of each notch is r = 0.5 in. and the ‘ Lin.
applied momentis M = 10 kip - ft, determine the maximum . -
bending stress in the plate. ‘
s s M( 125in. >M
r )
—=—=20 —=——=0.04
r 05 h 125 7\
g
From Fig. 6-44: ]
K =260
M 10)(12)(6.25
O = Ko = 60{ M} = 12,0 ksi Ans.
1 n(1)(12.5)
6-159. The bar is subjected to a moment of M = 40 N-m. 80 mm
Determine the smallest radius r of the fillets so that 20 mm 7mm |
an allowable bending stress of o, = 124 MPa is not r \
exceeded. M % l I M
7 |
Allowable Bending Stress: ] }
Mc
Tallow = KT
40(0.01
124(10°) = K[l()J
15(0.007)(0.02°)
K =145
Stress Concentration Factor: From the graph in the text
oow 80 _ ro_
with "0 4 and K = 1.45,then no 0.25.
r
— =025
20
r = 5.00 mm Ans.
*6-160. The bar is subjected to a moment of M = 80 mm
17.5 N-m. If » = 5 mm, determine the maximum bending 20 mm \ 7mm |
stress in the material. r I
M

Ans.
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¢0-161. The simply supported notched bar is subjected to
two forces P. Determine the largest magnitude of P that can
be applied without causing the material to yield. The material
is A-36 steel. Each notch has a radius of r = 0.125 in.

1.75 ; 125 _ 025

b 025

ro0125 7 h
From Fig. 6-44. K = 1.92

ro 0125

w125 O

Mc

20P(0.625)
oy = Ko

30 = 1'92[ 1(05)(1.25)°

P =1221b

-

0.5 in.

<

1\

1.75 in.

H
DN —=|
G
=6
=

20 in.

L %47

20 in.

20 in.*-‘

Ans.

.:E]Jm“r
il

P

6-162. The simply supported notched bar is subjected to
the two loads, each having a magnitude of P = 100 Ib.
Determine the maximum bending stress developed in the
bar, and sketch the bending-stress distribution acting over
the cross section at the center of the bar. Each notch has a
radius of r = 0.125 in.

1.75 — 1.25
— 5 - 0.25

b 025

0125 °

b =

0.125

1.25

0.1

r
h
From Fig. 6-44, K = 1.92

« 2000(0.625)
Omax = Ty EENEN IR
* 5(0.5)(1.25)°

Mc
=192
1o

} = 29.5 ksi

> amle-]

0.5 in.

1.75 in.

Ans.

20 in.*—‘

b

Yavoe phiin

Zon
ry
3e.7 Fi

307 K30
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From Fig. 6-43, K = 1.5

6-163. Determine the length L of the center portion of 350 N

the bar so that the maximum bending stress at A, B, and C is 60 mm 40 mm

the same. The bar has a thickness of 10 mm. 7 mm | 7 mm
N

w60 r 7 t

2= =15 —=—=10.175

h 40 h 40 -— 200 mm 1 % 1 % 1 200 mm —

stress of oyj0w = 200 MPa.

Stress Concentration Factor:

w 30
h 10 h 10
obtained from the graph in the text.

w
h 30 h 30
obtained from the graph in the text.

For the larger section with

Allowable Bending Stress:

For the smaller section

Mc
Omax — Tallow — K T;
M (0.005
200(10°) = 1.2[1()4
£(0.015)(0.01%)

M = 4177N-m (Controls !)

For the larger section

Mc
Omax = Oallow = K T;
M(0.015
200(10°) = 1.75[1()3]
1 (0.015)(0.03%
M =257N-m

50 L
M 4¢ [ (35)(0.02) }
=K—— =15 —————— | = 19.6875 MPa 40mn
(© A)mas 1 1(0.01)(0.04%)
_ _ MBC
(UB)max - (UA)max - I I?j" "2 'f’{, ‘15)4
175(0.2 + £)(0.03) Y My =1T5¢022 =354 m
19.6875(10°) = — 3
13(0.01)(0.06”) 175~
L =095m = 950 mm Ans.
=t
;5»'"""‘ vy
*6-164. The stepped bar has a thickness of 15 mm. 45 mm
Determine the maximum moment that can be applied to its \ 3 Ir?rglmm
ends if it is made of a material having an allowable bending '__M

M% oL

For the smaller section with — = — = 3 and r_ o = 0.6,we have K = 1.2

-8B =1.5 andl = 3 = 0.1, we have K = 1.75

Ans.
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¢0-165. The beam is made of an elastic plastic material for
which oy = 250 MPa. Determine the residual stress in the
beam at its top and bottom after the plastic moment M,, is
applied and then released.

1 1
I, = " (0.2)(0.23)* — 5(0.18)(0.2)3 = 82.78333(10%)m*
C, =T, = 0y (02)(0.015) = 0.0030y

M, = 0.003cy (0.215) + 0.002cy (0.1) = 0.000845 oy

= 0.000845(250)(10°) = 211.25kN -m

U293 5MPa 435
355:4?-‘. _,.ﬂ

U]

Myc  211.25(10%)(0.115) ;
o= = = 293.5 MPa e
1 82.78333(10°) W )=
y 0115 Mol M
50 = 5025 y = 0.09796 m = 98.0 mm +

L N
250 2935°
Ttop = Tpottom = 293.5 — 250 = 43.5 MPa Ans.

6-166. The wide-flange member is made from an elastic-

plastic material. Determine the shape factor. J/(
{t

Plastic analysis:

h —2t
T1:C1:(Tybt; T2:C2:Uy(T)t

My = oot = + oy ("5 o (5% 7

= oy|bt(h — t) + L(h —2t)?
e =0+ G =207

Elastic analysis:

s 1 PO
1= bl = (b= 0= 2)

_1

B [bh* — (b — t)(h — 21)]

My = %I = UY(%)[MP — (i’ — 1)(h = 21)]
2

bk = (b = 0)(h — )
- 6h 7y

Shape factor:

Mp  [bt(h = 1) + (h = 2t))oy

My bh> = (b — t)(h — 2t)}
6h Ty

 3h[4bt(h — 1) + t(h — )
2 bR — (b —t)(h — 2)

Ans.

446



06 Solutions 46060 _Part2 5/26/10 1:18 PM Page 447 $

© 2010 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.

6-167. Determine the shape factor for the cross section.

Maximum Elastic Moment: The moment of inertia about neutral axis must be
determined first.

i/
\

1 3 1 3 4
= —_— + — < = §
Ina =15 @Ga) + - (20)(a’) = 241667

Applying the flexure formula with o = oy, we have

|
AL

_ MyC
oy = J/a//a
1 2.41667a"
wy = T2 Ty CATD) ey
c 1.5a
Plastic Moment: & 1 2
1 1
osa 4 G
Mp = oy (a)(a)(2a) + oy (0.5a)(3a)(0.5a) osal = FS?- 2
= »
a.
= 27540y a4 T
Shape Factor:

My 27580y
= —=——=-—=17 Ans.
MY 1.6111a Oy

*6-168. The beam is made of elastic perfectly plastic
material. Determine the maximum elastic moment and the
plastic moment that can be applied to the cross section.
Take a = 2 in. and oy = 36 ksi.

Maximum Elastic Moment: The moment of inertia about neutral axis must be \
determined first. \/
\tﬁ

Ina = 11—2(2)(63> + 11—2(4)(23) = 38.667 in*

Applying the flexure formula with o = oy, we have a1
L M yC

Oy = = 7

I 36(38.667) an &

oy . i Ca

My = = “h hazz 8

Y c 3 i} - fu:.‘. 4in

L. . Zin, » 7

= 464 kip +in = 38.7 kip - ft Ans.

Plastic Moment:
Mp = 36(2)(2)(4) + 36(1)(6)(1)

= 792 kip-in = 66.0 kip - ft Ans.
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¢60-169. The box beam is made of an elastic perfectly
plastic material for which oy = 250 MPa. Determine the
residual stress in the top and bottom of the beam after the
plastic moment M, is applied and then released.

Plastic Moment:
Mp = 250(10°) (0.2)(0.025)(0.175) + 250(10°) (0.075)(0.05)(0.075)

= 289062.5 N-m

Modulus of Rupture: The modulus of rupture o, can be determined using the flexure
formula with the application of reverse, plastic moment M p = 289062.5 N - m.

_ 1 3 1 3
1= 02(02°) = 1 (0.15)(0.15°)
= 91.14583 (107°) m*
Mpc  289062.5 (0.1)
o, = = = 317.41 MPa
I 91.14583(10°°) yro-0788m
250 Mpo. i mi | GzmPa.
Residual Bending Stress: As shown on the diagram. ? 250 M7,
ded
Ugop = Opot = 0 — Oy ( +c - %,
= 317.14 — 250 = 67.1 MPa Ans. Mp E

6-170. Determine the shape factor for the wide-
flange beam.

— i 3 _ i 3 _ -6 4
I, = 45 (02)(023)° = - (018)(0.2)° = 82.78333(10°°) m

C, = T = (0.2)(0.015) = 0.0030y
C, = T, = oy(0.1)(0.02) = 0.0020y

M, = 0.0030y(0.215) + 0.0020y(0.1) = 0.000845 oy

My C
Oy = 7
oy (82.78333)107°)
My = e = 0.000719855 oy
‘- M, 00008450y . A
My 00007198550y ns.
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6-171. Determine the shape factor of the beam’s cross
section.

Referring to Fig. a, the location of centroid of the cross-section is

S _SyA_753)6) +3006) _ ..
YTSA T 30 v 63) ™ 6 in.

The moment of inertia of the cross-section about the neutral axis is

1= %(3)(63) +3(6)(5.25 — 3)> + %(6)(33) +6(3)(7.5 — 5.25) 15 in! 3in~j}m

= 249.75 in*

Here o = 0y and ¢ = y = 5.25in. Thus

M My (525)
Tmax T 9V T 4975 N A

MY = 475710’y

=)

Referring to the stress block shown in Fig. b,

/odA:O; T-C —C,=0
A

d@3)oy — (6 — )3y — 3(6)ay = 0 @)
d = 6in.
Since d = 6in.,¢; = 0, Fig. c. Here
T =C=36)oy =180y
Thus,
Mp =T(4.5) =180y (45) = 8l oy
Thus,

_%_ 810’y

=P 29 70 Ans.
My 47571 oy s

k

6—d.;h re— Cf
=

d éﬁ'l-
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*6-172. The beam is made of elastic-perfectly plastic
material. Determine the maximum elastic moment and the
plastic moment that can be applied to the cross section.
Take oy = 36 ksi.

Referring to Fig. a, the location of centroid of the cross-section is

SyA _ 75(3)(6) +3(6)3) _

y = 251
YT sa 3(6) + 6(3) 5251n

The moment of inertia of the cross-section about the neutral axis is

1= %(3)(63) +3(6)(5.25 — 3)% + 11—2 (6)(3%) + 6(3)(7.5 — 5.25)*

= 249.75 in*
Here, oax = 0y = 36ksiand ¢ = y = 5.25in. Then

M My (5.25
Me oo My(525)

Tmax = "7 249.75

My

1712.57 kip -in = 143 kip - ft Ans.

Referring to the stress block shown in Fig. b,
/a'dAZO; T-C—-GC=0
A

d3)3€36) — (6 — d)(3)(36) — 3(6) 36) = 0

d = 6in.
Sinced = 6in.,¢; = 0,
Here,
T = C = 3(6)(36) = 648 kip
Thus,
Mp = T(4.5) = 648(4.5) = 2916 kip -in = 243 kip - ft Ans.

N A\ % | 3n| pe—Frec

ax)
LN
1
S‘:‘.
[ |
|
I L
i
i

d >T bin. “T
(a) \ ¥ ] |
«)
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¢0-173. Determine the shape factor for the cross section
of the H-beam.

1 1
L=1 (0.2)(0.02%) + 2<E>(0'02)(0'23) = 26.8(10"%m*
C, = T = 0y(2)(0.09)(0.02) = 0.00360,
C, = T, = 0y(0.01)(0.24) = 0.00240,

M, = 0.00360y(0.11) + 0.00245(0.01) = 0.00042cry

- Myc
Oy = I — rﬂ'-
" _C'
26.8)(10°6 i -
, = 2208007 oi( )~ 0.0002680y e |0 ) Mp
. - :

‘= M, 0000420y 57 A
~ My 00002680y s

6-174. The H-beam is made of an elastic-plastic material
for which oy = 250 MPa. Determine the residual stress in
the top and bottom of the beam after the plastic moment
M, is applied and then released.

I, = £ (02)002) + 2(%)(002)(0.23) = 268(10 )m*

C1 =Ty = ay(2)(0.09)(0.02) = 0.00360,

C, =T, = oy(0.01)(0.24) = 0.00240,

M, = 0.00360y(0.11) + 0.0024c(0.01) = 0.000420y

M, = 0.00042(250)(10°) = 105 kN-m

_ Myc _ 105(10%)(0.1)

o' = 392 MPa
I 26.8(107%)
y _01 _ _
550 = 300 ¥ = 0.0038 = 638 mm
or = op =392 — 250 = 142 MPa Ans.
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6-175. Determine the shape factor of the cross section.
The moment of inertia of the cross-section about the neutral axis is

= 1i2 3)() + 11—2(6) (3%) = 195.75 in’*

Here, 0,,x = 0y and ¢ = 4.5 in. Then
Mc My(4.5)
Tme =T OV s s
MY =435 Oy

Referring to the stress block shown in Fig. a,
Ty =C =33)y =90y
T,=0C, =1509)0y = 1350y
Thus,
Mp = T(6) + T»(1.5)
= 90y(6) + 13.50y(1.5) = 7425 oy

=,

. 7425 oy
435 Oy

bin.

=—=171 Ans.

/
/
\/
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*6-176. The beam is made of elastic-perfectly plastic

material. Determine the maximum elastic moment and the N
plastic moment that can be applied to the cross section.
Take oy = 36 ksi. i

I = % (3)(9) + 11—2 (6)(3%) = 195.75in*

The moment of inertia of the cross-section about the neutral axis is 3 \/
mn.

Here, 00y = 0y = 36 ksi and ¢ = 4.5 in. Then 3in.
_ Mc 36 = My (4.5)
Tmax = T T 19575
My = 1566 kip -in = 130.5 kip - ft Ans.

Referring to the stress block shown in Fig. a,
T, = C; = 3(3)(36) = 324 kip
T, = C, = 1.5(9)(36) = 486 kip
Thus,
Mp = T(6) + T»(1.5)
= 324(6) + 486(1.5)

= 2673 kip - in. = 222.75 kip - ft = 223 kip - ft Ans.

%

—— 15in. 6in.
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¢0-177. Determine the shape factor of the cross section
for the tube.

The moment of inertia of the tube’s cross-section about the neutral axis is

() = 76 ) = 16775 i

NE!

Here, 0, = oy and C = r, = 61in,

_ Mc, _ My (6)
Imax =T Y T 96775 1
MY = 8783 (TY

The plastic Moment of the table’s cross-section can be determined by super posing
the moment of the stress block of the solid circular cross-section with radius
r, = 6in and r; = 5in. as shown in Figure a, Here,

1
T] = C] = 5’77(62)0"/ = 18’7TU'Y

1
T,=C,= 577(52)0'1/ = 1257 oy

Thus,

o8]

16 40

= 12133 0y

_Mp_ 12130y N
"My 81830y s

k

5in|

Sin.

+

& \{ &
Gy
N

&,
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6-178. The beam is made from elastic-perfectly plastic
material. Determine the shape factor for the thick-walled tube.

Maximum Elastic Moment. The moment of inertia of the cross-section about the
neutral axis is

With ¢ = r, and o, = oy,

Omax — Vi N Oy =

Plastic Moment. The plastic moment of the cross section can be determined by
superimposing the moment of the stress block of the solid beam with radius r, and r;

as shown in Fig. a, Referring to the stress block shown in Fig. q,

2

Ty=c =5r, 0oy

T)=c =

Shape Factor.
i(r r; )a'
Mp 3 \'o i )oY 16r0(r03 - r,3)
k= Miy - ™ 4 4 - 37T<r - r-4) Ans
Tro (r,, - I )Uy o t
I
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6-179. Determine the shape factor for the member.

Plastic analysis:

T=c= %(b)(;)ay =2y

| g!
o Hn(2) /
-

FElastic analysis:

1

=25 0() - % !

oyl _ Uy(%‘f) b h?

L no 24 7Y o
4
Shape factor: A
. — 1T
M bl
foi _fov_, Ams
Y 240y

*6-180. The member is made from an elastic-plastic
material. Determine the maximum elastic moment and the
plastic moment that can be applied to the cross section.
Take b = 4 in., h = 6 in., oy = 36 Kksi.

I= 2[11—2 (4)(3)3} = 18 in*
oyl 36(18)
Yoo 3

= 216 kip+in. = 18 kip - ft Ans.

— 1

2

Elastic analysis: /+/
h

T

Plastic analysis: _—

T = C = X (4)(3)(36) = 216 kip

2
-
6 e
M, = 2160<*> = 432 kip+in. = 36 kip - ft Ans. !
3 = £,
1B
T
-
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¢6-181. The beam is made of a material that can be
assumed perfectly plastic in tension and elastic perfectly
plastic in compression. Determine the maximum bending

moment M that can be supported by the beam so that the oy
compressive material at the outer edge starts to yield.
e €
/odAZO; C—-T=0 — gy
A
1
an(d)(a) —oy(h—d)a=0
gy
L (4
d==h d i
: . |
1 (2 11 11a K2 . o
M = Eﬂ'y<§ h>(a)(ﬁ l’l) = 4 oy Ans. 7
6-182. The box beam is made from an elastic-plastic wo

material for which oy = 25 ksi. Determine the intensity of
the distributed load w, that will cause the moment to be

(a) the largest elastic moment and (b) the largest plastic /V/l/ \L\V\
moment. I
@
@ _ 8
|

9 ft 9 ft 1

Elastic analysis:

_ 1 5 _ L 3 4
I =5 (®)(16%) ~ 15(6)(12°) = 1866.67 in
8 in.
I 25(1866.67
Mooy = %; 27wy(12) = % — =
wp = 18.0 kip/ft Ans. 12 “‘iD 16in.
Plastic analysis: 4" ‘H
6 in.
C, = T, = 25(8)(2) = 400 kip
C, = T, = 25(6)(2) = 300 kip Zwug)
Mp = 400(14) + 300(6) = 7400 kip - in. - i
L
27we(12) = 7400 YT
45w, 45w
wy = 22.8 kip/ft Ans.

pri— <

.-z T

== T
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material for which oy = 36 ksi. Determine the magnitude
of each concentrated force P that will cause the moment to

be (a) the largest elastic moment and (b) the largest plastic F — |
t. @
momen

From the moment diagram shown in Fig. a, M ,,, = 6 P. ‘ 6 ft 8 ft 6 ft 1

6-183. The box beam is made from an elastic-plastic lP lp

I I
The moment of inertia of the beam’s cross-section about the neutral axis is
6 in.
1 1 1
I =—(6)(12%) — — (5)(10%) = 447.33 in* -
12 12 10 in. 12in.
Here, 0, = 0y = 36ksiand ¢ = 6in. 4-{ ‘ —
_ MC. 36 = My(6) Sin.
Tmax = Ty T 44733
My = 2684 kip -in = 223.67 kip - ft P P

It is required that

:f 4!

Mmax = MY

6P = 223.67 =
P = 3728 kip = 37.3 kip Ans. oft i aft T oft’ =
A?"'P B}f r

Referring to the stress block shown in Fig. b,

T, = C; = 6(1)(36) = 216 kip M
T, = C, = 5(1)(36) = 180 kip oP P
Thus,
Mp = Ti(11) + T,(5)
0 6 V) XGt)
= 216(11) + 180(5)

= 3276 kip+in = 273 kip - ft (a’)

It is required that

Mmax = MP
6P =273
P = 45.5 kip Ans.

458



06 Solutions 46060 _Part2 5/26/10 1:18 PM Page 459 $

© 2010 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.

*6-184. The beam is made of a polyester that has the P

stress—strain curve shown. If the curve can be represented 2in.

by the equation o = [20 tan™!(15¢)] ksi, where tan™'(15¢) —

is in radians, determine the magnitude of the force P that A |:| T4 in.
can be applied to the beam without causing the maximum O -
strain in its fibers at the critical section to exceed

€max = 0.003 in./in. 1 81t ! 81t 1

+o(ksi)

o =20tan (15 €)

€e(in./in.)
Maximum Internal Moment: The maximum internal moment M = 4.00P occurs at
the mid span as shown on FBD. 4
Stress—-Strain Relationship: Using the stress—strain relationship. the bending stress !.:d J MM""'OF
can be expressed in terms of y using ¢ = 0.0015y. —Tft_-l
>
o = 20tan"! (15¢) +
_ -1 i
= 20 tan" ' [15(0.0015y)] - 0003 ¥ .
L- € =0-0015% -0
=20 tan"' (0.0225y) : _]'1
6(" WA (&
When &,,x = 0.003 in./in., y = 2 in. and o, = 0.8994 ksi Wis) d
Resultant Internal Moment: The resultant internal moment M can be evaluated
0003 0-8994

from the integal / yodA.
A

M=2/y(rdA
A

2in
=2 / v[20 tan "1 (0.0225y) | (2dy)
0

2in
80 / y tan™! (0.0225y) dy
0

1+ (0.0225)%* . y 2in.
= |:2(00225)2 tan” " (0.0225y) — 2(00225)] .
= 4.798 kip + in
Equating
M = 4.00P(12) = 4.798
P = 0.100 kip = 100 Ib Ans.
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*0-185. The plexiglass bar has a stress—strain curve that
can be approximated by the straight-line segments shown. 7\ o (MPa)
Determine the largest moment M that can be applied to the 20mm |- |
bar before it fails. ( +
M \’y\/ 4
1 fail
S0 mm‘ 60 ailure
~ 40 + .
tension
_01'06 _01'04 1 1 € (mm/mm)
0.02 0.04
compression
1 -80
+ —100
Ultimate Moment:
&
/adA:O; C-T,-T,=0 002-d
A
L 002 - ay0.02 40(109) 2 (4 0.02 L 60 + 40)(109)[ 0.02)4 | = 0 = ?_[ -
"{5(' — d)(0. )}— ( )[5(5)« )}—5( + 40)( ){(. )5}— N
004
o — 500 d — 3500(10%)d = 0 -
0.G2-d. v <
Assume.o = 74.833 MPa;d = 0.010334 m J— %
%, N b2
From the strain diagram, 4 F-Nsomn T, | s
e 004 Ll
= = 0.03741
0.02 — 0010334 _ 0.010334 ¢ = 0.037417 mm/mm
From the stress—strain diagram,
o _ 80 = 74.833 MPa (OK! Close to assumed value)
0037417 004 7 " '
Therefore,
1
C = 74.833(10%) [5(0.02 - 0.010334)(0.02)} = 723359 N
1 0.010334
T = (60 + 40)(106){(0.02)(?)} = 5166.85 N
1 0.010334
T, = 40(106)[7(0.02)<7>} = 2066.74 N
2 2
2
V| = E(O'OZ — 0.010334) = 0.0064442 m
2 (0.010334
Vo = 7(7) = 0.0034445 m
3 2
0.010334 1/2(40) + 60)} (0.010334)
= +|1-Z = 0.007922
y3 2 { 3( 40 + 60 2 0.0079225m
M = 7233.59(0.0064442) + 2066.74(0.0034445) + 5166.85(0.0079255)
=947 N-m Ans.
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6-186. The stress—strain diagram for a titanium alloy can
be approximated by the two straight lines. If a strut made of
this material is subjected to bending, determine the moment
resisted by the strut if the maximum stress reaches a value
of (a) o4 and (b) op.

+o (ksi)
B
o, =180
A
o, =140
0.01 o0q < (/)
a) Maximum Elastic Moment : Since the stress is linearly related to strain up to
point A, the flexure formula can be applied. - g f
Me —-0-04 | -18a
oy = T 0-3J5in. o3J5in
-0:01 -/40 .
£Gnfin) T Cksy
LAI a-9| \M-O
c
004 180
1405 (2)(3%)]
1.5 -
. ; ¢
420 kip-in = 35.0 kip - ft Ans. s B T
o3pin. _¢E‘ 192875 n.
b) The Ultimate Moment : Y &
1-25in 7 T,
1 e
C, =T = 5(140 + 180)(1.125)(2) = 360 kip
1 Za+t
C, = T, = —(140)(0.375)(2) = 52.5kip 3(ZRIh
2 h I )
M = 360(1.921875) + 52.5(0.5) b
= 718125 kip +in = 59.8 kip - ft Ans.

Note: The centroid of a trapezodial area was used in calculation of moment.
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6-187. A beam is made from polypropylene plastic and has

a stress—strain diagram that can be approximated by the curve ~
shown. If the beam is subjected to a maximum tensile and + o (Pa) M
compressive strain of € = 0.02 mm/mm, determine the
maximum moment M.
Emax = 0.02 o =10(10%)€'/* 100 mm M
%
Tmax = 10(10°)(0.02)"* = 3.761 MPa mm
€ (mm/mm)

002 &

0.05 vy

e=04y !

0.05m ',l
o = 10(10°)(0.4)/4y1/4 :
0.05

M = / yodA =2 / (7.9527)(10°) y/4(0.03)dy

A 0

5..‘.: ooz

0.05 ‘
M = 0.47716(10°) / ydy = 0.47716(106)(%)(0.05)9/4 M_SI‘ j
0
1 ¢

M =251 N-m Ans.

*6-188. The beam has a rectangular cross section and is
made of an elastic-plastic material having a stress—strain
diagram as shown. Determine the magnitude of the
moment M that must be applied to the beam in order to
create a maximum strain in its outer fibers of € ,,,, = 0.008.

+o(MPa)

200

€ (mm/mm
0.004 (mm/tnm)

€y = T, = 200(10°)(0.1)(0.2) = 4000 kN

F ey i | <

1 o GI by
Cy = T, = - (200)(10°)(0.1)(0.2) = 2000 kN Ahooor 3| S .

2 S A

M = 4000(0.3) + 2000(0.1333) = 1467 kN-m = 1.47 MN-m Ans.
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¢6-189. The bar is made of an aluminum alloy having a +o (ksi)

stress—strain diagram that can be approximated by the 90 —=
straight line segments shown. Assuming that this diagram is 80 el

the same for both tension and compression, determine the 6 e

moment the bar will support if the maximum strain at the
top and bottom fibers of the beam is € ,,,, = 0.03.

-8  90-80
0.03 — 0.025  0.05 — 0.025°

o = 82 ksi

1 0.006  0.025 0.0
Cy =Ty =5 (0.3333)(80 + 82)(3) = 81 kip

C,=T,= %(1.2666)(60 + 80)(3) = 266 kip pos’
&voovle
1 (A LN 31
C; = T; = — (0.4)(60)(3) = 36 kip T w003
2 3g’l—b1'

M = 81(3.6680) + 266(2.1270) + 36(0.5333)
= 882.09 kip - in. = 73.5 kip - ft Ans.

Note: The centroid of a trapezodial area was used in calculation of moment areas.

6-190. The beam is made from three boards nailed together
as shown. If the moment acting on the cross section is
M = 650 N -m, determine the resultant force the bending
stress produces on the top board.

Section Properties:

—0.0075(0.29)(0.015) + 2[0.0775(0.125)(0.02)]
. 0.29(0.015) + 2(0.125)(0.02)

= 0.044933 m Jj

1
Ina =15 (0.29)(0.015%) + 0.29(0.015) (0.044933 — 0.0075)

1 3 _ 2 Z 029m
+7 2(0.04)(0.125 ) + 0.04(0.125)(0.0775 — 0.044933) dr .__A—.{j-omm
N e
= 17.99037 (10°) m* | s _JF]ERSM
- p—c.02m p—coim
My

Bending Stress: Applying the flexure formula o = T

_650(0.044933 — 0.015)

oy = 1.0815 MPa
17.99037(10~%)
650(0.044933 j "
gy = DOOUD 4 G3ampa A s MR
17.99037(107°)
Resultant Force:

Fg = %(1.0815 + 1.6234)(10°) (0.015)(0.29)

= 5883 N = 5.88 kN Ans.
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6-191. The beam is made from three boards nailed together
as shown. Determine the maximum tensile and compressive
stresses in the beam.

Section Properties:

_0.0075(0.29)(0.015) + 2[0.0775(0.125)(0.02)]
= 0.29(0.015) + 2(0.125)(0.02)

= 0.044933 m

1
Ina=1; (0.29)(0.015%) + 0.29(0.015)(0.044933 — 0.0075)>
+ %(0.04)(0.1253) + 0.04(0.125)(0.0775 — 0.044933)>

= 17.99037(107°) m*

M
Maximum Bending Stress: Applying the flexure formula o = Ty

650(0.14 — 0.044933)

Oma)r = = 3.43 MPa (T Ans.
(max) 17.99037(10~%) ™
( 650(0.044933) . o © A
g, = = 1. a ns.
T 17.99037(107°)
-} o-29m o-0I15m
d=
N T[‘ Al 0125 m
A b—c0zm —ﬂhri:“"‘
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C+2M = 0;

Mc

Omax —

I 2.52109(10%)

*6-192. Determine the bending stress distribution in
the beam at section a—a. Sketch the distribution in three
dimensions acting over the cross section.

M — 80(0.4) = 0

M =32N-m

I, = %(0.075)(0.0153) + 2(%)(0.015)(0.13) = 2.52109(10"%)m*

32(0.05) — 635 kPa

80N

80N

~—400 mm —==300 mm—~—300 mm—~——400 mm—|

8ON

Ans.

the wood is

n=—

Failure of steel

(0s)max =

E,  200(10%)
E,  11(10%

20(10%) =

¢6-193. The composite beam consists of a wood core and
two plates of steel. If the allowable bending stress for

(Tallow)w = 20 MPa, and for the steel

(Taow)st = 130 MPa, determine the maximum moment that
can be applied to the beam. £, = 11 GPa, Ey = 200 GPa.

= 18.182

1
I =5 (080227)(0.125%) = 0.130578(10"*)m"

Failure of wood :

Mc

(Uw)max =

1

M(0.0625)

———————" . M =418kN-m
0.130578(10 %)

nMc
I

18.182(M)(0.0625)
0.130578(107%)

130(10%) =

M = 149kN-m (controls)

Ans.

262438 75 26 Gmp

A1 125mm
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6-194. Solve Prob. 6-193 if the moment is applied about
the y axis instead of the z axis as shown.

~11(10%)

= ~ 0.055
"7 200010%

1 1
I = E(0.125)(0.1153) - E(0.118125)(0.0753) = 11.689616(10°)

Failure of wood :

nMc,
1

(O-W)max =

0.055(M)(0.0375)

20(10%) = ;
11.689616(107°)

M = 113kN+m

Failure of steel :

MCl
(Ust)max = I
M(0.0575
130(10%) = (—)6
11.689616(107°)
M = 264kN-m (controls) Ans.

N (» NIZ5)=6-875mm

1€ 5mm
Gl
r’
A g
7 TSimm |
men -
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6-195. A shaft is made of a polymer having a parabolic
cross section. If it resists an internal moment of
M = 125 N-m, determine the maximum bending stress
developed in the material (a) using the flexure formula and
(b) using integration. Sketch a three-dimensional view of
the stress distribution acting over the cross-sectional area.
Hint: The moment of inertia is determined using Eq. A-3 of
Appendix A.

Maximum Bending Stress: The moment of inertia about y axis must be
determined first in order to use Flexure Formula

I= / ydA
A
100mm
=2 / y* (22) dy
0

100mm
=20/ y*V100 — ydy
0

— 20| =2 32100 = ) — = (100 = y) — C(100 — y)} 100mm
= 30.4762 (1076) mm? = 30.4762 <10*6) m
Thus,
125(0.1
Omax = Me # = 0.410 MPa Ans.

I 30.4762(10°%)

Maximum Bending Stress: Using integration

dM = 2[y(o dA)] = 2{y K?(I)lz)x)y }(ZZ dy)}

o 100mm
M= ‘;’“/ y*V100 — ydy
0

125(10%) = 7m0 3 12100 - )t = 2 (100 -yt LIPS 100mm
s L2 st Y 05 Y 1o

125(10°) = 72 (1.5238) (10°)

Omax = 0.410 N/mm? = 0.410 MPa Ans.
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*6-196. Determine the maximum bending stress in the 20° 451b
handle of the cable cutter at section a—a. A force of 45 Ib is B )

applied to the handles. The cross-sectional area is shown in 4in /\X }';5 m.

the figure. ’

|:| T0.75 in.

" 4
0.50 in. —

C+=M = 0; M — 45(5 + 4c0s20°) =0
M = 394.14 1b - in.

394.14(0.375
Omax = Me = 17(3) = 8.41 ksi Ans.
1 13(0.5)(0.75%)

¢6-197. The curved beam is subjected to a bending
moment of M = 85 N -m as shown. Determine the stress at
points A and B and show the stress on a volume element
located at these points.

dA r 0.42 0.57 0.59

A pIn 2 =011 + 001510 - + 0.11n >

T " 1040 042 1057
= 0.012908358 m

A = 2(0.1)(0.02) + (0.15)(0.015) = 6.25(107%) m?

A 6.25(1073)

R = /LA = Coio0gaeg = 0484182418 m
A r
7 — R = 0.495 — 0.484182418 = 0.010817581 m 150om ST §
%
Elal »
M(R — r 85(0.484182418 — 0.59 [N 2
o4 = ( = o) (,3 ) __ —225.48 kPa Lhen ERIVE IR
Ara(r — R)  6.25(107%)(0.59)(0.010817581) K $1 b3
~
o4 = 225kPa (C) Ans.
M(R — rg) 85(0.484182418 — 0.40) usx;'d
op = = = 3 = 265 kPa (T) Ans.
Arg(r — R)  6.25(1073)(0.40)(0.010817581) oY
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6-198. Draw the shear and moment diagrams for the
beam and determine the shear and moment in the beam as
functions of x, where 0 = x < 6 ft.

+1 2SF,=0; 20-2x-V=0

V =20 - 2x
C+=My,=0; 20x — 166 — Zx(%) — M=

M = —x* + 20x — 166

2 kip/ft

8 kip

[T T T s

<

X—

6 ft 4 ft

gt 2 “Plpt 50 %p ft
20" P —— & ’ |
6’ 4’

V(kiP)

20
N

166

Ans.

Ans.

' T T

Mixipft)

ot

x

6-199. Draw the shear and moment diagrams for the shaft
if it is subjected to the vertical loadings of the belt, gear, and
flywheel. The bearings at A and B exert only vertical
reactions on the shaft.

450" 3ooN

)

o

|

It
400mm | 300mm Ragme, 150"

IZWF:L
21667 N 83337
VIN) o
w1
—tx
-233
M(N-m)
473

450 N T
A P,

A=

1 200 mm'

=l
400 mm 1

300 mmJ_jZOO o

150 N
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*6-200. A member has the triangular cross section
shown. Determine the largest internal moment M that can
be applied to the cross section without exceeding allowable
tensile and compressive stresses of (o0w); = 22 ksi and
(aow)e = 15 ksi, respectively.

— 1
y (From base) = 5\/42 — 2% = 1.1547 in.

7= 3176(4)(\/4@)3 = 46188 in’

Assume failure due to tensile stress :

My | M(1.1547)
Tmax = 77 T 46188

M = 88.0kip-in. = 7.33 kip - ft

Assume failure due to compressive stress:

_Me o M(464L - 11547)
Tmax = "7 - 4.6188

M = 30.0 kip -in. = 2.50 kip - ft (controls) Ans.
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¢0-201. The strut has a square cross section a by a and is
subjected to the bending moment M applied at an angle 6
as shown. Determine the maximum bending stress in terms
of a, M, and 6. What angle 0 will give the largest bending
stress in the strut? Specify the orientation of the neutral
axis for this case.

Internal Moment Components:

M, = —M cos6 M, = —Msin 6

Section Property:

L4

1 :IZ:ELZ

y

and B. Applying the flexure formula for biaxial bending at point A

M M,z
o= *71)} + !
LI,
~Mcosf(5) —Msinb (-5
- 1 4 + 1 4
2d 2d
6M .
= —5(cos 6 + sin 0)
a
d oM
CT(; = 7(—sin0 + cos ) =0

cosf —sinf =0
0 = 45°

Orientation of Neutral Axis:

tan a = Tj tan 6
tan @ = (1) tan(45°)
a = 45°

Maximum Bending Stress: By Inspection, Maximum bending stress occurs at A

Ans.

Ans.

Ans.

fa vl
oM

PR b |

ol
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