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6-1. Draw the shear and moment diagrams for the shaft. The
bearings at A and B exert only vertical reactions on the shaft. 4 B

J'_‘ ¥

11254"’1 Boo mm

T y A
% I 800
" 250 mm | mm
Am J5% 7 &N
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R |
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M(kr-m)
+ t—x
-6-0

6-2. The load binder is used to support a load. If the force
applied to the handle is 50 Ib, determine the tensions 77 and
T, in each end of the chain and then draw the shear and

moment diagrams for the arm ABC.

A
6.}:MC=0; - 50(15) + (3) =0
T, = 2501 Ans l
- ~ . 501b
+TLF, =0, 50-250+T =0 k 12in.
L = 2001 Ans
*—‘3in.
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soie 7:
v
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6-3. Draw theshear and moment diagrams for the shaft. The
bearings at A and D exert only vertical reactions on the shaft. 14in. 20in.
The loading is applied to the pulleys at B and C and E.

l D
B2 go o (42764 357 N 351b
0
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*6—4. Draw the shear and moment diagrams for the beam.
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6-5. A reinforced concrete pier is used to support the

stringers for a bridge deck. Draw the shear and moment 60KN 351N 35kN 35kN 00k
diagrams for the pier when it is subjected to the stringer Im Im]15m]15m|lim, 1m
loads shown. Assume the columns at A and B exert only 4 7  / L 4 4
vertical reactions on the pier. Bl T T T T
AM b

élom 35kM _.Tm _Tm é}[n)
L _J

[ S I
Fimlim] t5m V 75m Im|im |
112:5 kA 1125 KN
V(kN) M(kN-m)
525 Go-0
1875
17.5 s so o 2.0 o 70
ot 1o gy X o™ + + —t+—A— Xm)
2.0 -7 _750 .5 _]50
-€00 -525
-60.0 =600

6-6. Draw the shear and moment diagrams for the shaft.
The bearings at A and B exert only vertical reactions on the 1500 N
shaft. Also, express the shear and moment in the shaft as a S00N

function of x within the region 125 mm < x < 725 mm.
A

=
+TEZF, =0; 81563-800-V=0 . ‘
V=156N Ans
'<7—>‘<—600mm—>

(+2M=0; M+ 800(x-0.125)-815.63x=0
M= (15.6x+100)N-m Ans

&o 1500 FooN
1 l I f 0.725, !}m
'Q’ I ﬂ' *
125m4 600 mm .
x 148438
V(N)
16
/56
L _I ﬁ
M(Nm) - Ao
a2 n
—t +—c
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6-7. Draw the shear and moment diagrams for the shaft
and determine the shear and moment throughout the shaft

as a function of x. The bearings at A and B exert only 3001b S0 Tb
vertical reactions on the shaft.
A B
! | il |
-
For 0<x <3ft \ 3ft i 2t 1ft 0.5 ft
+T2I'; =0; 170-v=0 V=1701b Ans
(+£M,“ =0, M-170x=0
M={170x) Ib-ft Ans coots 50018
For 3 ft <x < 5ft 20 lbft
—] 5
+T2E =0, 170-800-V=0 7 4 - /fTJl
V =-6301b Ans 170 Ib 1130 16
Qmmﬂ); M +800(x~3) - 170x = 0 v
M = {=630x +2400} b-ft  Ans 1)
M
For 5§ ft<x < 6 ft X
17016 8oo1b
+TZI'; =0; V-500=0 V =500Ib Ans % v
GzM,,ﬁo; ~M -500(6-x)-250=0 r:f_l;:yljm
M = {500x-3250} Ib-ft Ans 37 %3
17016
5001b
Mb-fe) Y S 250 Ib-ft
Vb M q = )
510 6-X
500
70 /\ P
b ——XQ0
> 3 = XG0 o 3
-250
—630 -750
*6-8. Draw the shear and moment diagrams for the pipe. |~
The end screw is subjected to a horizontal force of 5 kN. 1
Hint: The reactions at the pin C must be replaced by sen_ T2
equivalent loadings at point B on the axis of the pipe. P - A :Eo,,,,,
—
bl L °
1 200 mm N
KN
. 2 |
A 80 mm sko r
N — v i e
B T‘ KN 0.4 kn-m
\ 400 mm ‘ 'e
-
M(kn.m
v
Zlo4
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6-9. Draw the shear and moment diagrams for the beam.
Hint: The 20-kip load must be replaced by equivalent
loadings at point C on the axis of the beam.

15 kip

l 41t
15"’7° w!f
| fHw
| — —
b L L |
T e U 44 T 44 T
5% Kip-ft B
I] D gleotr 20t
=
1.67 <7 3330
V(xp)
17
—t ¥
-3.33
Kip-
MKpfe)  ges
373
3
t + T ©

6-10. The engine crane is used to support the engine, N
which has a weight of 1200 Ib. Draw the shear and moment A 3t | St

diagrams of the boom ABC when it is in the horizontal B
position shown.
41t
(M=o gr.(a) - 1200(8) = 0;  Fp =40001b
1
\ U U
+TZF =0, -A+ g(4000) -1200 =0; A = 20001b

+IF =0 &—2(4000)=0; A = 2400 1b

Vi)

,M.__J —t

MO
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6-11. Draw the shear and moment diagrams for the

compound beam. It is supported by a smooth plate at A p p
which slides within the groove and so it cannot support a -
vertical force, although it can support a moment and axial
load.
(o |
A B == D
C
Support Reactions : —a a a a
From the FBD of segment BD
+IM.=0; B, (a)-P(a)=0 B =P
( ’ ’ P 84 P
18620, G-P-P=0 G =27 mo | |
+TEE=0. , A Ma 8 |

S53E=0; B, =0 bt |-7,—+T4
From the FBD of segmentAB

+IM, =0. PQa)-Pla)-M, =0 M, =Pa

b o
TEFE =0: -P=0 ilibrium is statistied’
+TZF =0 P - P =0 (equilibrium is statisfied') a 20 . _\ i ‘
[e) T = T T X
Shear and Moment Diagram : 4 a z\/
=P

Fa
*6-12. Draw the shear and moment diagrams for the
compound beam which is pin connected at B. bhip § hip
4 et
H 41' /PP PP
6 kip 8 kip whip b
N
¢ i -
PRI 3
] ¢
.—b ]
m I
L4t T x
Gl P
~24
6-13. Draw the shear and moment diagrams for the beam.
M M, M,
N y
(( | 1~
M, M, M, ¥ =
vy a I a ! oo N
Mo 0
3a Ja M
n
v M.
i a a a | M, 2
M, 2
-3 2 3a | L
: t x a 2 o
My
3o
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6-15. The beam is subjected to the uniformly distributed
moment m (moment/length). Draw the shear and moment
diagrams for the beam.

m
A
L
Support Reactions: As shown on FBD.
mL Shear and Moment Function:
A —ommem oo em
; ] _o -
C — S 4 +TZE =0 V=0
| |
r L i +IM,, =0.  M+mx-mL=0 M=m(L-x)
Shear and Moment Diagram:
M
v
mlL AM=m(L-X)
=0
] 7 X 0 i_ X

*6-16. Draw the shear and moment diagrams for the

beam.
800 Ib /ft

A B
A
800 Ib /ft

8 1t - 8 1t 7‘

1t Boo 'Yyt

5100
n h Boo l‘/{(
> 8’ A 8" *'r'

V(b
} -z
~6400
M(ib-§t)
51200
25600
t + x
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6-17. The 150-1b man sits in the center of the boat, which
has a uniform width and a weight per linear foot of 3 Ib/ft.
Determine the maximum bending moment exerted on the
boat. Assume that the water exerts a uniform distributed
load upward on the bottom of the boat.

e b S
s 1 s ]
150 '®
DT Ty e
IAARREEAAARAEARANNN
13 "%l
1]
1!50"’
lo'b[“
V(ib)
75
{.z
-ISI/v
M (1b4t)
£8l
—+— ~—

Mo, =2811b-ft Ans

6-18. Draw the shear and moment diagrams for the beam.
It is supported by a smooth plate at A which slides within
the groove and so it cannot support a vertical force,
although it can support a moment and axial load.

QJ w
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L ) |
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6-19. Draw the shear and moment diagrams for the beam.

2 kip /ft
30 kip-ft
A Y Y Y Y O
(] N\ B
pem =
St St l St 1
2 SiPlse 30 kipft
A ?——:1
— ——
7 5 v’ %/
vip) g 95 <P os5*FP
11\ ~a-5 = =3
-0
Mgpot)
25
—+ — tx
Rl -5

*#6-20. Draw the shear and moment diagrams for the beam,

and determine the shear and moment throughout the beam 2 kip /it 10 kip 8 kip
as functions of x.
1 Y Y Y YYVYVYY 40 kip-ft
o
6 ft 41t
Support Reactions: As shown on FBD. - 4L)32.0Kip 10Kp 8kip
Shear and Moment Function: 3
206 kip$t | 4ok
For 0s x < 6 ft: J
I I 1 i 2%
M3 T 30 T 4501 ¥
+TEE =0; 300-2x-V =0 30-Okip 2e Kip: '
V= {30.0-2¢} kip Ans d‘ bM
N
x S00kp T % _
GL‘MNA=0; M +216+2x(-i)—30.0x=0 8kip
M={-x*+300x-216} kip-ft Ans M !45)Kip}t
For 6 ft <x <10 ft: Tr/—ofi-{
VCKiP) v
+TEE=0; V-8=0 V=800kip Ans MCkip§6)
0
30 80
(+IMy =0 -M-8(10-x)-40=0 00 . 0
M ={8.00x-120}kip-ft  Ans - x(ft) —2 +— +— X(ft)
o 6 fo ~40-0
“72.0
~216
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6-21. Draw the shear and moment diagrams for the beam

150 Ib /ft
and determine the shear and moment in the beam as 200 Ib-ft / 200 1b-ft
functions of x, where 4 ft < x < 10 ft. Y Y Y YY VY
Iy
A I © B=—=
+TZF =0, -150(x-4)-V+450=0 ¥ \
V=1050-150x Ans 4ft—— 6t 41t
x-4)
(+ IM=0 —200——150(x—4)«2——M+450(x—4)=0
M=-75¢+1050x-3200 Ans
150(x4)
200 %-f¢ 150 14/}t 200 6fe m)/b-}t - -.,V
1 4)
A
X 1
’ X < ’ ] P ,
450 450t
V(Ib)
450
T \{l A— =
-450
M(/b-ft )
475
i 4 I3 x
0 | —200
6-22. Draw the shear and moment diagrams for the 3 kN 0.8 kN /m 3 kN
compound beam. The three segments are connected by pins l . l
at B and E. By vy v v vvyvyvE
N I p ] |
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6-23. Draw the shear and moment diagrams for the beam. 2 kip ft 2 kip it

20 kip-ft

Z?) =10.0 Kip (502100 kip

2o kipft = T | At c *_—lf
C rl J LS ft%—s ftJ——S ft—-‘

e
(z5fdesft 75H 1254
3.0 kip 7.00 kip

MCkip-ft)

ip)
vCkip 20.0
12.25

N ‘15 th) 15 1 1

—— 4 (ft
° 5 0 r;\] ’ Vv 0 115 15 xde)
=5.00

-700
-10.0
*6—24. 'The beam is bolted or pinned at A and rests on a 1L L L
bearing pad at B that exerts a uniform distributed loading NG 8’ ot
on the beam over its 2-ft length. Draw the shear and Zr.‘p/ft
moment diagrams for the beam if it supports a uniform [Tm—
loading of 2 kip/ft. ] :
kip £i
2 kip it g 4575
v (kip)

T 8 ft 2ft% T T e
1ft %

M(kip —ft
<4
8 8
+ t +— x
6-25. Draw the shear and moment diagrams for the beam. -
The two segments are joined together at B. 8 35,
) ':_J__mmmmg .
S ki 8 " e
P 3 kip /ft L | | L
l teol s CEE
; £ )
rI ¥ Y VY Y ¥ v| 1o kpft grip I&LP 3%l
A E C :J_ _J 118091955981Y/
B a_ q j
20 kip 1€ Kip 12 kip
- 3t~ 51t 81t v(kip)
20 12
M (kip-ft) e
<4
e~
T T T x
-60
180

255



© 2008 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

6-27. Determine the placement distance a of the roller
support so that the largest absolute value of the moment is

a minimum. Draw the shear and moment diagrams for this
condition.

wl? w
TEF =0; L——-wx=0
g0 wotE Am,
2
x=L—l; ol 8
2a a
= z
wi
wL? wi - L2 <=
(+):M=0; Mmu(;,)+wx(§)-(WL"E)"=0 RZ AN £a
F-ofen Veo
L 1 ) Mmu(+
Substitute x = L— = ; ) )
ubs x o 1 T
2
Wit
wL? 2 ow L, W -E
= - —)L-—)—-— L——') 24
Muax 4y = (WL % X 2a) 2( % w(t-a)
M, N
L2 mex ()
=2-=y 4
2 2a
L-a
L-
2M=0; Mm:x (€] —W(L-a)-(——i) =0
2 w
M _ w(L—a)
max (-} T 2
|
. . ment, o0-707¢ Toeml
To get absolute minimum mo 203U D707 L
v
Mz () =Mz (0 0.243WL 7-243 WL
w L 2 W 2 4 Y
'-Z'(L—z) —-2-(L a) ’]’aﬁ[_“\l
M ~0-¢14wWL
L_L_Z —lea 00829 WL
" 2a /’\
. 4 { 0
a=— Ans
2 -ooge Iun®
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*6-28. Draw the shear and moment diagrams for the rod.

Only vertical reactions occur at its ends A and B.

Yk

MVVVVVVVVVV\

)

[ 36 in.
72 1b

0.5in.

0.3 in.

12 in.

0.5in.

1.5 in.

72-1Z& -0
36 2

x=20.784 in.

+TZF =0

12x x _x

(EM=0 Muwt 2 QIO -T2=0 i)

°
Mpax =—— +72x
* 18

Substitute  x =20.784 in,,

Moy =997.661b-in.

144 1b

12 1b/in.

6-29. Draw the shear and moment diagrams for the beam.

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.

wol wol

v=o v=ol
6 - T 6

M+i°.£(f)_WLL('_‘)=o
6 \9 3.3
M=5w0L2
54

+TZE =0

£+WVA =0

%r YYY

Wt~

15,4
N

—

»

< ~o|p
X

¥

&
a
-
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6-30. Draw the shear and moment diagrams for the beam.

3P0~ .
L M : 00345 Wyt ™

V-
E_—_jl yM
7, 1 o
!‘k ‘\i/ + +—x

~0006/7 k)L €

wol 1 wox
=0: - _ (X)) =0
+TLF =0 7 2( L)

x=07071L

1omox) oy -2k Ly o
(+Z My, =0; M+§(—L—)(x)(§) 2 (x 3) 0

Substitute x = 0.7071L,

M = 0.0345 wo L

2 kip
200 Ib /£t

s

2 Kip 0-2(9):=1-8okip A =2
Lm ——— 91 9 ft

I l,l

L

L L
e /350t 4sft

3.167 kip 06833 Kip
V(Kip) MKip-ft)

6-31. TheT-beam is subjected to the loading shown. Draw
the shear and moment diagrams.

112
117

'3 s
SN gy — : et —xde)

o 6 5 2058~
-0-683 =195

-2.00

=12-0
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*6-32. The ski supports the 180-lb weight of the man. If 180 1b
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 w
—1.5ft— 31t e 1.51t
Ski :
+TZE =0 %w(l.S) + 3w + éw(l.S) -180=0
w = 40.0 Ib/ft Ans
Segment :
+TEF =0, 30-V=0, V=300Db
(GEM=0 M-3005=0 M =150b1t oy
]
==
1.
I
20182 ZeoNI%)7 3044
A
S
~Je o
| 5o
Mefe)
re ¥
/
y we
1 y 4
6-33. Draw the shear and moment diagrams for the beam.
50 KNl 50 KN[p,
50kN /m 50kN /m 2 H | g
"
45m | #5m |
125 kN 1z~

. 1125 \\
‘ 45m : 45m | , Ty
.
125 kN \[

-5

j 16875 KW-m
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6-34. Draw the shear and moment diagrams for the wood
beam, and det

beam as funct Support Reactions : As shown on FBD.

Shear and Moment Functions :
25016 For 0s x < 4ft

+TZI-; =0; -250-V=0 V =-250Ib Ans

=

—_— (+2M~‘=0; M +250x =0

A0 g N M= (~250x) Ib-ft Ans
x*—‘
‘ Ford4 ft <x < 10 ft
[

41— 6 ft

+TZE =0, -250+700-150(x-4)-V=0
V ={1050-150 x} Ib Ans

x—-4
szM =0 M+ 150(;-4)(_5_)
+250x-700(x-4) =0

Sow  [BOG=980l s M ={-75x*+1050x —4000 }Ib-ft  Ans
; I ] For10 ft<x < 14 ft
| | __
“4fc |35 T34t | 4fe ] +TZE=0; V-250=0 V=25010b Ans
7001 Joolb
2501b (+}:M~A =0; -M -250(14-x)=0
14 ! M = {250x-3500} Ib- ft Ans
[3m
- )1 y(ib) MClbfe>
50(x-4) 2501b 450
3y £t . z50
j Y
| 3m 11 %4 xa
I X 1 T
— M QT 5 C CHE ¢ — " o-3zs
=y 2
=250
-450 —/000 =/000
6-35. The smooth pin is supported by two leaves A and B .
and subjected to a compressive load of 0.4 kN/m caused +TLR=0; 2w0)(20)(3) - 60(0.4 =0
by bar C. Determine the intensity of the distributed load wy wo =12kN/m  Ans
of the leaves on the pin and draw the shear and moment
diagrams for the pin.
04 KN/m

p 0.4 kN /m " 122

20mm 60 mm 20 mm
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#6-36. Draw the shear and moment diagrams for the
beam.

Kip
15 kip-ft 3 5
Y
3 kip/ft - 7 —
k
1500 1b - ft 0z’ T T
b /6264P 10625 &ip
|
A ®) i# 70
B
‘ 12 ft . 6 ft |
L4
~/éx5
Gp )
s .
ﬂw:” P T X
—/g
6-37. The compound beam consists of two segments that
are pinned together at B. Draw the shear and moment
diagrams if it supports the distributed loading shown.
F YYVYY
4 B
1 23 L « 13 L
+T 2Fy=0; ﬂ__l._'zz:()
27 2L
x= vi L=0385L
27
Iw 2 1 2wl
=0; M+=—(0.385L)°(=)(0.385L) - ——(0.385L) = 0
(+ZM=0; A G )= ¢
2 Leor b
M =0.0190 wL 2007 -
=X
(5
3 L
x 1.,
2wl
7

54
0.0190 wt?
.//,—:\‘A X
0.385L
\
\ -5 T
LY S
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6-38. Draw the shear and moment diagrams for the beam.

‘Z”l/m /8 *m
18 kN/m L3kN-8
12kN/m ‘ )
“L S 455N
V(KN)
A B
‘r 3m
I 17
M(kn-m) -45
| Fx
-63
6-39. Draw the shear and moment diagrams for the beam 400N
and determine the shear and moment as functions of x. m
200 N/m
Support Reactions: As shown on FBD. 3m
Shear and Moment Functions:
For0Ssx <3m:
4 (200)(3)=300K
+TEE =0, 200-V =0 V=200N Ans G006)=6oon |
zzsII ] et
(+2MNA=02 M -200x =0 — : — 4
M = (200x}N-m Ans e YAIT
05
For3m<x < 6 m: 200N ™ JooN

+TZE =0, 200-200(x-3)

17200
i b ~3) -V =0
2{ —x 3)](x 3)

v
[ym

il

100 , }
14 ={——x +500; N Ans
3 2004 Jé[z;_q x-3)0¢-3)
200(X-3)
SetV =0, x=3873m B 4___ﬂ v
[t & !
17200 x—-3 - Jl M
<+r.M,M =0, M +—[—(x-3)}(x—3)(—-) )
2173 3 ‘[ .
-3
+200(x-3)("_2-)-2oox=0 200 g
M I x-3 |
M= {-%x3+500x -—600} N-m Ans
V(N) M(N-m)
69
Substitute x =3.87 m, M=69IN-m boo 69!
<00 _ﬁ,
1 1 ! + X(m)
o 3' 3'8] X(!n) [e] 3 3437 é
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*6—40. Determine the placement distance a of the roller
support so that the largest absolute value of the moment is
a minimum. Draw the shear and moment diagrams for this

condition.
P P
\ L L
‘ 2 2
. Y Y
A:o |
‘ _@ B
I

Support Reactions: As shown on FBD.

Absolute Minimum Moment: In order to get the absolute
minimum moment, the maximum positive and maximum negative
moment must be equal thatis My, (y) =My, -

For the positive moment: N F L P
'['* = =
3PLN\(L
+IMy,=0; M., .3-(2P-—)(—)= ]
( NA ( L 2a 2 0 : |
3pL?
Mmu(») =PL- da a 5
3pL
ap- 2L 73

For the negative moment:
(:):M.,A =0: M, ,-PL-a)=0 v

Mm.”_y =P(L-a tjl)”‘mutu)
—
2

Moz = Meanic 2p- 28
3PL2 a
PL-——=P(L-aq)
4 C

4al -3L' =4al -3a° M"‘dv(-) 1
I L-a I

\%
3
= £L =0.866L Ans L ! L P
2 | = 2
N |
Shear and Moment Diagram: i
1&
0-866L
0-268P 1732P
y M
[
0-134PL

0:268P 0B66L . /\ g.s:eu L <

-0732P
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6-41. Draw the shear and moment diagrams for the beam.

Fr
_4
27323 fip - - !
w - —
8 kip /tt = -
p/ B = +
V(Kip)
213
. _\‘
— x
1¢8 5
Fr=-) x"dx=21.33ki
* 8‘[0 kip M(Kipft)
- §l3Pdx
370
x= =6.0ft
21.33 // — %
-128
6-42. The truck is to be used to transport the concrete
column. If the column has a uniform weight of w
(force/length), determine the equal placement a of the
supports from the ends so that the absolute maximum
bending moment in the column is as small as possible. Also,
draw the shear and moment diagrams for the column.
Support Reactions: As shown on FBD.
Absolute Minimum Moment : In order to get the absolute
minimum moment. the maximum positive and maximum negative
moment must be equal thatis M, 4 =Mooy
For the positive moment:
wL(LY wL(L \_,
Q* IMey =0 Mo+ —2-(3)" T(E —a ) =
wil-  wal
’wmuu) = T_ T
For the negauve moment:
[ a
Q"’Z‘WN,\ =0 wa [\5)_"4"‘“‘-) =0
wad
I et
~ L j Mm.-uu\ =Mmul-¥
l J| wl wlL wa*
lozrt] oseeL  |ozorl e
wL WL g 2
= F2 . .
v M a"+4La-L" =0
—4L+ /1612 - 4(4)(-L?)
0.024 WL a= 2%
0293 WL !
o4 ut a =0.207L Ans
oMBL } X M?L + oimL it x Shear and Moment Diagram:
° CHTL 050 L oL
~0-201 WL -0.293 WL
-0.0214 WL* -0.02/4 WL*
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6-43. A member having the dimensions shown is to be

y
used to resist an internal bending moment of M = 2 kip - ft.
Determine the maximum stress in the member if the
moment is applied (a) about the z axis, (b) about the y axis.
Sketch the stress distribution for each case.
z
|
X
12 in.

e | T

6 in.

1
L= E(s)uz’) = 864 in*

1
L = —(12)(6%) = ;4
by 12( )67) = 216in

a) Maximum stress:

223 Pl
For z-z axis: 2337 '
Mc _ 2(10°)(12)(6) ,«/""7';
Omax = — = = i
A 364 167 psi Ans %gg
z
b) For i fz
Y-y axis: ” ,,/4
Mc  2010%)(12
Omax = 'I— = ——«—( )12)(3) =333 psi Ans 333/751
ly 216

*6—44. The steel rod having a diameter of 1 in. is subjected
to an internal moment of M = 3001b - ft. Determine the
stress created at points A and B. Also, sketch a three-
dimensional view of the stress distribution acting over the
cross section.

M =300 1b-ft

= %‘,‘ = ";’ (0.5*) = 0.0490874 in*

300(12)(0.5)
0.0490874

= 36.7 ksi Ans

[}

o_Mc
4T

= 259 ksi Ans

P My _ 300(12)(0.5 sin 45°)
g E——m = —— o
1

0.0490874
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6-45. 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:

_L n_Lt 3 N
I= ]2(0.2>(o.2 ) 12(015)(0.15 ) =91.14583(10°°) m

Bending Stress: Applying the flexure formula

My
c=-—
4
o = __MOn 1097.143 M
€7 911a583(10-6)
. MooTs)
% = 113583 (10%) - 2285TM Centroid of trapesoid.
N L
Resultant Force and Moment: Forboard A or B 7 F
|/
F =822.857M(0.025)(0.2) /
1 K. (76.19mm
+;(IO97.143M - 822.857M)(0.025)(0.2) \\\
=4.800 M ———A,\
) 1097-/43 M
M’ = F(0.17619) = 4.80M(0.17619) = 0.8457 M B22.857 M

M
%(ﬁ) =0.8457(100%) = 84.6 % Ans

6-46. Determine the moment M that should be applied to
the beam in order to create a compressive stress at point D
of op = 30 MPa. Also sketch the stress distribution acting
over the cross section and compute the maximum stress
developed in the beam.

Section Property:
I= %(0.2)(0.2’) —%(0.15)(0.153) =91.14583(10°) m*

Bending Stress: Applying the flexure formula

o= My
T
M(0.075)
6 -
30(10°) = 91.14583(10-¢)
M=36458 N -m=36.5kN-m Ans

Mc  36458(0.1)
e, OV _gpompa A
Tmax = 7 = 5114583 (105 aoam
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6-47. The slab of marble, which can be assumed a linear
elastic brittle material, has a specific weight of 150 Ib/ft?
and a thickness of 0.75 in. Calculate the maximum bending
stress in the slab if it is supported (a) on its side and (b) on
its edges. If the fracture stress is o = 200 psi, explain the
consequences of supporting the slab in each position.

Support Reactions: As shown on FBD(a).
Maximum Moment: In both cases, the maximum moment
occurs at midspan as shown on FBD(b).

Mc
Maximum Bending Stress: Applying the flexure formula o, = T
a)
35.60(12)(9) .
max = -—-—¢ =10.5 psi Ans
£(0.75)(18%)
b)

_35.60(12)(0.375) _

Cran = =253 ps1 Ans
"5 (18)(0.75Y) :

The marble slab will break if it is supported as in case (b).

™

151t

4.5 ft

)
2254 | 22sh
310416 3r64 16
(a)

316416

T 1

I E} I Mimec=35-60 Ibft
1125611125 f¢

3l641b ()

*6—48. The slab of marble, which can be assumed a linear
elastic brittle material, has a specific weight of 150 Ib/ft>. If
it is supported on its edges as shown in (b), determine the
minimum thickness it should have without causing it to
break. The fracture stress is o7y = 200 psi.

Support Reactions: As shown on FBD(a).
Maximum Moment: The maximum moment occurs at
midspan as shown on FBD(b).

Maximum Bending Stress: Applying the flexure formula

Mc

Omax = T

_569.531(12)(§) (12)

& (18)8(12%)
£ =0.07910 ft = 0.949 in. Ans

200

4.5 ft

151t

4

J
z2s5pt | 225/t

506-25¢ @) 50625t

50625t

[ttt ity 8]

I ) Mm«=569'53t

112548 12554
506-25¢ (b)
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6—49. A beam has the cross section shown. If it is made of
steel that has an allowable stress of o,ow = 24 ksi,
determine the largest internal moment the beam can resist
if the moment is applied (a) about the z axis, (b) about the
y axis.

y
1
L = —(6)(6.5) - —I‘(5-75)(63) = 33.8125 in*
0.25in 12 2
~ j .
« /1/( = 2—(0.25)(6%)] + —(6)(0.25°) = 9.0078 in*
3in. 12 12
a) (Mlllow)z = M = w
¢ 3.25
= 249.7 kip-in. = 20.8 kip-ft Ans

Gunowly _ 24(9.0078)
c 3
=72.0625kip-in. = 6.00 kip - ft Ans

]

3in.
){L
/’J 0.25 in. b) (Mnllow )y

3in?

6-50. Two considerations have been proposed for the
design of a beam. Determine which one will support a
moment of M = 150kN-m with the least amount of
bending stress. What is that stress? By what percentage is it
more effective?

200 mm—] .
k200 mm—]
— <um ’:‘ 30 mm
3 A
Section Property:
For section (a)
1 _
300 mm 300 mm I= .l'_2(0.2)(0.33’) - 5(017(03) = 021645(10 *)m'
— | =30 mm —» 15 mm
For section (b)
1 _
I= é(o.z) (0.36) - E(0.135)(0.3’) =0.36135(107") m*
- I ¥
| TIS mm :‘ 30 mm
M
(a) (b) -t Maximum Bending Stress: Applying the flexure formula o,,,, = _l_c

For section (a)

B 150(10%)(0.165)

Opay = ————— = 1143 MPa
™ 0.21645(107%)

For secuon (b)

_150(10°)(0.18)

s = —m—— = 74.72 MPa = 74.7 MPa Ans
7 0.36135(107)

By comparison, section (b) will have the least amount of bending stress.

114.3-74.72
% of effectiveness = i x 100% = 53.0 % Ans
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6-51. The aluminum machine part is subjected to a
moment of M = 75 N-m. Determine the bending stress
created at points B and C on the cross section. Sketch the
results on a volume element located at each of these points.

0;:5.4,‘474 D‘—: /- S5hp,

0.005(0.08)(0.01) + 2[0.03(0.04)(0.01)]

y=

= 0.017
0.08(0.01) + 2(0.04)(0.01) sm
= —113(0.08)(0.01’) + 0.08(0.01)(0.0125%)
1
+ z[-l-i(o.m)(o.o.t’) + 0.01(0.04)(0.0125%)] = 0.3633(107) m*
Mc _ 75(0.0175)
O = = = i = 3
=7 = osesnios - S MPa Ans
My _ 75(0.0175 - 0.01)
Oc=—= ——"" = ].
<=7 0.3633(10%) S5MPa  Ans

*6-52. The aluminum machine part is subjected to a
moment of M = 75 N-m. Determine the maximum tensile
and compressive bending stresses in the part.

= = 0.0175m
0.08(0.01) + 2(0.04)(0.01)

5 = 0005(0.08)(001) + 2{0.03(0.04)(0.01)]

%(o.os)(o.m’) + 0.08(0.01)(0.0125%)

+ 2[-115(0.01)(0‘04’) + 0.01(0.04)(0.0125%)) = 0.3633(10°°) m*

Mc _ 75(0.050-0.0175)
(Omaz)i =—=

= ——————=" = 671 MPa Ans
1 0.3633(10°%)

M; 75(0.0175
(Cman)c =2 = ¢ )

= ————— = 3.6l MPa Ans
1 0.3633(10°%)
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6-53. A beam is constructed from four pieces of wood,
glued together as shown. If the moment acting on the cross
section is M = 450 N - m, determine the resultant force the
bending stress produces on the top board A and on the side
board B.

R A

L = 715(0.23) ©24%) - %(0.2)(0.2’): 1.31626 (10™*) m*

450 (0.12)

Op =-b—lf= ———————— = 410.25 kP2
I, 131626 (10%)
Mx 450 (0.1)
Oc = — = ————————— = 341.88kPa
€T 131626 (10) #1015 KP,
40257, Fa
R = Fp - Fy * Fe 2
= %(410.25)(10’)(0.12)(0.015) - %(410.25)(10’)(0.12)(0.015)
=0 Ans
Fp, = 341.88 (10°)(0.2)(0.02) + %(410.25 ~ 341.88)(10°)(0.2)(0.02)
=1.50kN A
e 0
Fe,
-~
34'88‘&)
4025kh
6-54. The aluminum strut has a cross-sectional area in the
form of a cross. If it is subjected to the moment %
M = 8kN-m, determine the bending stress acting at 100 mm
points A and B, and show the results acting on volume 20 mm
elements located at these points. X s
100 mm
M =8kN'm
50 mm
S0 mm
Section Property:
1 I hg
3 3\ _ -6 4
I= TE(0.02)(0.22 )+l—2(o.1)(o.oz ) =17.8133(10°) m feigdMh
Bending Stress: Applying the flexure formula & = -
ending Stress: Applying xure formula 0 = —- ﬁ
_BAOYOID o6 A Op=4-49 MPa.
%= Tsimaos o ns
10%) (0.01
= 3109 ) =449 MPa (T) Ans

% = 178133109
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6-55. The aluminum strut has a cross-sectional area in the
form of a cross. If it is subjected to the moment
M = 8kN-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:

I= 1—12(0.02)(0.22’) +l—12(0.1)(o.02’) =17.8133(10°) m*

M

Bending Stress: Applying the flexure formula o ,, = TC
MV
and 0= —l.

1
8(10%)(0.11) 49.4 MP A
= = =49. a
™ 17.8133(10°6) e
8(10%)(0.01)
oy-0,0lm = —————— =449 MPa

17.8133(10-¢)

*6-56. The beam is made from three boards nailed toge-
ther as shown. If the moment acting on the cross section is
M = 1kip-ft, determine the maximum bending stress in
the beam. Sketch a three-dimensional view of the stress
distribution acting over the cross section.

Section Properties:

ZFA 0.75(10)(1.5) +7.5(1)(12) + 14.25(6)(1.5)
TA 10(1.5) + 1(12) + 6(1.5)
=6.375 in.

1
1= 500 ( 1.5%) +10(1.5)(6.375-0.75)°
+115( D (12%) +1(12)(7.5-6.375)°

1 ) 2
+ E(6)( 1.5") +6(1.5)(14.25-6.375)°

= 1196.4375 in*

Bending Stress: Maximum bending stresses occurs at point B.
Applying the flexure formula

Mc  1000(12)(15-6.375)
I

Omax =0 = =
1196.4375
=86.5 psi Ans
My, 1000(12)(13.5-6.375)
==~ =17]. i
AT 1196.4375 15 psi
Myc  1000(12)(6.375—1.5)
o, = 2Ye OO -13) _ 4o g0
<=7 1196.4375 pst
My, 1000(12)(6.375
o, = o _ I00UDEITS) _ g 0

1 1196.4375
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6-57. Determine the resultant force the bending stresses
produce on the top board A of the beam if M = 1Xkip-ft.

Section Properties:

LyA _0.75(10)(1.5)+7.5(1)(12) + 14.25(6)(1.5)

Y= 10(1.5) + 1(12) +6(1.5)
=6.375 in.

I= %( 10) (1.5%) +10(1.5)(6.375-0.75)

+112(1)( 12) +1(12)(7.5-6.375)°

1
+—(6)(1.5°) +6(1.5)(14.25-6.375)° )
12 —
= 1196.4375 in* i | c
Bending Stress: Applying the flexure formula
L_ 1
Myc 1000(12)(6.375-1.5) . ——
= — T =48990
% =77 1196.4375 psi
My, 1000(12)(6.375)
=— = =63.94
% =77 1196.4375 394 psi
The Resultant Force: For top board A 48:90 S
! F
F = 5(63.944-48.90)( 10)(1.5) =846 1b Ans

6-58. The control level is used on a riding lawn mower.
Determine the maximum bending stress in the lever at
section a—a if a force of 20 1b is applied to the handle. The
lever is supported by a pin at A and a wire at B. Section a—a
is square, 0.25 in. by 0.25 in.

201b

(tzM=0; 202 -M=0; M=40lb-in.

Mc_ 40(0.125)

Mo M0 saksi Ans
Gmex =TT T025%025%) '
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6-59. Determine the largest bending stress developed in
the member if it is subjected to an internal bending moment
of M = 40kN-m.

Section Properties:

_ 0.005(0.1) (0.01) +0.1(0.18) (0.01) +0.22(7)(0.03%)

(0.1)(0.01) +(0.18) (0.01) + (7) (0.032)
=0.143411 m

1
I= E(0.1)(0.01’) +(0.1)(0.01)(0.143411 - 0.005)°
+Tl5(0.01)(0.l8’) +(0.01)(0.18) (0.143411~0.1)2
+ %n(0.03‘) +7(0.03%) (0.22-0.143411)°

=44.64(107°) m* O

Maximum Bending Stress: The maximum bending stress occurs at

the bottom fiber of the section which is subjected tensile stress. Applying
the flexure formula. &}
Mc  40(10%)(0.143411) ——
=—=—— = |29 MP A -
Omax =7 44.64(10-5) a ans

*6-60. The tapered casting supports the loading shown.
Determine the bending stress at points A and B. The cross
section at section a—a is given in the figure.

Casting: F, Yy v F,
1501b  1501b
(FEMc = 0, R(35) - 150(20) ~ 150(15) = 0 . A
F = 1501b

1in.
| A |
B
Section: 31;1'_#;&
(T
(+2M=0; M- 150(10) = 0 %t)’d 1in. L4in.+

M = 15001b-in. 150

1 3 1 3 .4
L = —4)(5) - —(4)(3) = 32.67
12( )(57) 12( )(3) in

A
Mc  1500(2.5) . '}
Oy = —= ———— = 115psi (C) Ans 7' R
1 32.67 3 )
e |
My  1500(1.5) ‘ o
op = 2= 2202 o A
2= 3267 psi (D ns
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6-61. If the shaft in Prob. 6-1 has a diameter of 100 mm,
determine the absolute maximum bending stress in the A B

shaft. J'_‘ |
= A.

800 mm
250 mm |
111254’";: Boo mm N
, |
— A 24 kN
25 ! 5.5 %N 7.6 KN
V(KN
75
1 .
C
2
M(kn.m)
+ t~c
-6-0

My, =6000N-m

Omax = — = ——————— =61.1 MPa Ans
=TT 1ax0.05)

6-62. If the shaft in Prob. 6-3 has a diameter of 1.5 in.,

determine the absolute maximum bending stress in the 14in. 20in.
shaft.
‘ N

B
; l l 35 1b
T 127 |7 t2] 80 1b
B2 g iprs 142760 357 0

viib w22

35
224 —

—ix

-108
M(1b-in)

|/”5/____<
- I - d K

| T T <—

-420

My, = 1196 1b-in.

Oz =—=———"""=361ksi Ans
T T x5y
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maximum bending stress in the shaft.

6-63. If the shaft in Prob. 6-6 has a diameter of 50 mm, 1500 N
determine the absolute maximum bending stress in the
shaft. BOT
A l ¥ B
= =N
sl
600 mm ———=
]&od I/ﬂ”” 125 mm 75 mm
L L
'I&Sm] 600 mm Z}Ml FoO N
81563
X /48"3" 0-(25m, v
|'__—' ym
VIN) * !
8¢ 815.0%
I/,f‘
1 il
M(Nﬂ) _m'
10% "
t —ic
My, =111 N-m
M 111(0.02
Umlxz-'E:T—l‘(O_oi)':gOSMPa Ans
1~ 120025
*6—-64. If the pipe in Prob. 6-8 has an outer diameter of
30 mm and thickness of 10 mm, determine the absolute

,:H

t

5"‘—’Wa
5KN ‘8"1‘ :qum
1z
* L ¢
1 L0090 mm) M
KN
' ,:N
kN
5——1 ﬁtJ_L g5 KA
[N 1
l ‘ KN 0'4 KN-m
VK,
<
=)
Mkrm Maar =04N-m
-
dosg - 400(0.015)

~ IH(0015) - (0.005)%)

400 mm

=153 MPa

Ans
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6-65. 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.

15 kip
Ag—
| 41t
15 k'P zot/‘p
- Sja e
L L L
T 4f T 4n 7 &4
55 Kip-ft
20 Ky K7
LJ[ 20%'F  z0%P
\
1167 <7* 3.33%7
Y(xip)
17
t ¥
-3.373
M(KTP')“) 4‘.7
373
3
t + t+ 0

Mpay = 46.7 kip - ft

Mc  46.7(10°)(12)(3) .
Omaz = — = ——— = “070 15,
7 .'—2 ©6) 5.6ksi Ans
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6-66. If the crane boom ABC in Prob. 6-10 has a
rectangular cross section with a base of 2.5 in., determine its
required height 4 to the nearest %in. if the allowable

{+ IM, =0,

2F5(3) - 1200(8) = 0; Fz =40001b

bending stress is oyow = 24 ksi. 4
+TZF, =0, -A + $(4000) - 1200 = 0; 4, = 20001b
3
Ak—m i S ft FER =0 A-(4000) = 0 A= 2400
O
B
A 35t s/t )
41t —-T——_Z___—::
/)«
ha fo 1200175
1
u u vin)
1200
I
— 7
MUp-$L)
+ — 1
~6oso
Mc 6000(12)( &
Omax = — = - (32) =24(10)°
1 17(2.5) (A7)
h=268in. Ans
Use h=2.75 in. Ans
6-67. If the crane boom ABC in Prob. 6-10 has a ait e
rectangular cross section with a base of 2 in. and a height of A L
3in., determine the absolute maximum bending stress in the Ao
boom. M 2 20014
e
4 31t i 5 ft
® vin)
B
1200
4t —
Mp-f)
1
7] U
3 )
! A
~6ose

My, =60001b-ft
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*6-68. Determine the absolute maximum bending stress 2 kip /ft
in the beam in Prob. 6-24. The cross section is rectangular
with a base of 3 in. and height of 4 in. : ¥ Y VVYVYVYYVYYVYVYY
|B
A
Lt / L Mg 8 ft 2 ft—
/ 8 12/
2 t(p/ft
[P LRI
§
ki .
g“f 4Lifey
v(kip)
S
t .\}/.L v
-8
M(Kkip-ft
24
8 8
t t t 1 x
Mg, =24kip- ft
omax=&‘=i(]12‘)m=36ksi Ans
1 1234
6-69. Determine the absolute maximum bending stress in )
the beam in Prob. 6-25. Each segment has a rectangular o ~p 347
cross section with a base of 4 in. and height of 8 in. tAd !
A L
¥ r; <
8 ki | L i : L
P 3 kip /ft T=-T s 1 g8~ 1
H £, .
Lo k1t 13 Kip WP 3 Kipf
Y Y Y VYV VYV VY VY _ Jl (T LIITT]
y T c (
B o . . .
20 Kip 12 Eip 12 kip
y(kip)
— 3 ft — 5 ft 8 1t
20 /2
t —— =
L,
M (kip-ft)
24
. g
T T X
-éo
120
Mo,y = 120 kip - ft
Oy = ME_20UDACNY) _ 30y ang

1 L@E?
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6-70. Determine the absolute maximum bending stress in

the 20-mm-diameter pin in Prob. 6-35. +TEF =0, 20w )(20)(1)_ 60(0:4) = 0
y =% 4=
2

wo = 1.2kN/m
0.4 kN/m
C
04 KN/
A B w w
0 0
(il Il - L " “/U/V
20mm 60 mm 20 mm [ L " L
1 a

<

7/
Minm) 226
0.08 &
1 ] n
l T T L L #3
Omax = Me_ 026001 _ 331kPa  Anms
I lm.01)

6-71. The member has a cross section with the dimensions
shown. Determine the largest internal moment M that can be
applied without exceeding allowable tensile and compressive
stresses of (0)aow = 150 MPa and (o)ap0w = 100 MPa,
respectively.

Section Properties:

__IyjA

e
_ 0.005(0.1)(0.01) +0.1(0.18) (0.01) + 0.22( ) (0.03%)
- (0.1)(0.01) +(0.18) (0.01) + (=) (0.032)
=0.143411'm

Assume failure due to compreesive stress

1 2
I =30 1)(0.01%) +(0.1) (0.01)(0.143411 - 0.005)*

1 3 3 Mc
+E(0.01)(0.18 ) +(0.01)(0.18)(0.143411~-0.1) Omax = (T 10w =
1 . 2 2 o\ M(0.25-0.143411)
+-r(0.03") + £(0.03%) (0.22-0.1434 10°) s ——————
77(0.03%) +7(0.03%) (0.22-0.143411) 100(10%) = — o s
=44.64(107°) m* M=41830N-m (control)
=419kN-m Ans

Maximum Bending Stress: Applying the flexure formula.

Assume failure due to tensile stress O

Mc - 1
Omax = () 10w = T
M(0.143411) z
150( 10%) = —————
50( 10°) Yo, ¢
M=46690N-m L_
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*6—72. Determine the absolute maximum bending stress
in the 30-mm-diameter shaft which is subjected to the

concentrated forces. The sleeve bearings at A and B support _]L
only vertical forces.

B

=S

f—08m — 12m «—0.6m
0.9m /. 2m ] 0.6 l
7 4ooN 600 N 400 N
wooN 480N 520N
Vi
foo
120 f——]
X
- Loo "
m
%
-4g0 B
Gy = Me - 380001 _ 1) Mpa  Ans
I 1m0.015)*
6-73. Determine the smallest allowable diameter of the A B

shaft which is subjected to the concentrated forces. The
sleeve bearings at A and B support only vertical forces, and ‘
the allowable bending stress is o0 = 160 MPa.

f—08m — 12m «—0.6m
0.9m /.2 0.6 l
v 4ooN 600 N 400N
wooN 480N 520N
v
’ foo
120 l
X
-boo
m
X
M., =480N-m
Gunon = 25 160010%) = X
1 3’rc

¢=0.01563 m

d=31.3mm Ans
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6-74. Determine the absolute maximum bending stress 400 1b
in the 1.5-in.-diameter shaft which is subjected to the
concentrated forces. The sleeve bearings at A and B support
only vertical forces.

4o0\b 300lb

1214 1 18, I5|h.J

rq olb T blole
\Y 300
a0
x
-2\0
" 1080
AN . M., =45001b-in.
Mc  4500(0.75)
O — =~ - H
L4500 T " Tr(7s)s - 136ksi  Ans
6-75. Determine the smallest allowable diameter of the 400 1b

shaft which is subjected to the concentrated forces. The
sleeve bearings at A and B support only vertical forces, and
the allowable bending stress is ooy = 22 ksi.

4o0\b 300lb
121h 18 . |5w«~J
L —
rquL Tblolh
N 200
a0
x
-2\0
m 1080
P 4

- 4500

M., = 4500 1b-in.

4500¢
Tt

o= 1_”1_‘; 22(10°) =

¢=0.639 in.

d=128in. Ans
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*6-76. The bolster or main supporting girder of a truck 1.5 kip /ft
body is subjected to the uniform distributed load.
Determine the bending stress at points A and B.

A B
Support Reactions: As shown on FBD. 8ft ‘ 121t
Internal M : i i |
oment: Using the method of sections. F F
2
1
+IMy, =0 M +12.0(4) - 15.0(8) =0 075 in. Gin,
M=720kip-ft
) 15Q0)=30-0 kip 0.5 in.
Section Property: 12 in.
; 1 ! ! oA
1==6)(135) - 5055 (12°) =438.1875 in® —Ll_1 [ 1 B
70f¢ 10/t 0.75 in.
. [5-0 Kip 150 Ky
Bending Stress: Applying the flexure formula o = Aﬁ f
/ 15@®) =12-0 kip
44
72.0(12)(6.75)
Op = ——— M = : H Y
2T Tasagys 3k Ans =
}om
_ 72.0(12)(6) , or
A Thgiers Ak Ans 150 Kkip
6-77. A portion of the femur can be modeled as a tube o (ksi) P
having an inner diameter of 0.375 in. and an outer diameter
of 1.25 in. Determine the maximum elastic static force P 230

that can be applied to its center without causing failure. 125 F——
Assume the bone to be 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

1
I= yid [(432)* - (221%)*) = 0.11887 in*

Cf:l M
, T ) L P
Mm:x = "(4) =2P P

2 2

Require 0,, = 1.25 ksi

Mc
Omax = —
1.25= 2P(1.25/2)
0.11887

P=0119kip=1191b Ans
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6-78. If the beam in Prob. 620 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.

16 in.

|

10 kip - sin -

2 kip /ft 8 kip

6 ft 4 ft

V(KiP)

30.0 MKip ft)
18-0

: Lx ) —2 ¢ F—x (o)
10

%20

-2/b

Absolute Maximum Bending Stress : The maximum

momentis M, =216 kip- ft as indicated on moment diagram.

max

Applying the flexure formula

Oy = ——— = —————— =7.59ksi Ans

6-79. If the shaft has a diameter of 1.5 in., determine the
absolute maximum bending stress in the shaft.

18
vam) Mdb-in)

8 42 54 .
3 - t xdin) + t 4— X Cip)
5t -, 150 1b
“Jeo

R~ . 2%in.  in,
i

Absolute Maximum Bending Stress : The maximum T

momentis M,,,, = 7200 Ib-in as indicated on moment diagram. 55016 150 1b

Applying the flexure formula 4001b 30016
M. 7200(0.75)

Opag = ——— = ————— =217 ksi Ans
1 £(0.75%)
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*6-80. If the beam has a square cross section of 9 in. on 1200 Ib
each side, determine the absolute maximum bending stress | 800 Ib it
in the beam.

Y Y YVVVYVYY

| B

7-60 M(kip-ft) | 81t 8 ft |
120 8 e
: £y 2 : —x(fe)
o 8 16
Z9.60
448
Absolute Maximum Bending Stress : The maximum
momentis M_,, =216 kip - ft as indicated on moment diagram.
Applying the flexure formula
M,.c 216(12)(8) .
Onax S e S ——— =7.59 ksi Ans
4 17(8)(16%)
6-81. The beam is subjected to the load P at its center.
Determine the placement a of the supports so that the
absolute maximum bending stress in the beam is as large as
possible. What is this stress?
P
[ ) (14
=2 =2 ]
o MR
L2 L2
‘P
|

M, = f(é-a) Az '

max =543 l:?r)"‘“t [

B o 2
P v

For the largest M., require, T

a=0 Ans ‘

Mc_(PI2XE)F) _3PL
1 gbd® 2bd?

w

Ans .

284



© 2008 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

6-82. If the beam in Prob. 6-23 has a cross section as

shown, determine the absolute maximum bending stress in 0.5 in.
the beam. W
0.25 in.
0.5 in.
b 4in— T
2 kip /it 2 kip /it
/0.0 ki 2(5)310-0 ki}
2(5)=100 Kip 0 kip 20 kip~ft
Zokipft T3 A
X 4 e I
{- 1,
L 3
Fz 5{& 5ft 75f¢ 12.5f¢ S g St
13-0 kip 7-00 kip
MCkip-ft)
ip)
Vixip 20-0
12.25
3.00 /00,
15 s
t f t } —+ y
o 5 0 . X = \Zd 0 15 15 xae
—5.00
=700
/0.0
1
I=5( @ (%) ——(375)(7 ) =63.479 in*

Absolute Maximum Bending Stress : The maximum
momentis M_, = 20.0 kip - ft as indicated on moment diagram.

max

Applying the flexure formula

M,..c 20.0(12)(4)

Opax = ——— = ————— = 15.1 ksi Ans

6-83. The pin is used to connect the three links together.

Due to wear, the load is distributed over the top and bottom 800 Ib W2, ™2
of the pin as shown on the free-body diagram. If the ((m m
diameter of the pin is 0.40 in., determine the maximum

bending stress on the cross-sectional area at the center section
a—a. For the solution it is first necessary to determine the
load intensities w; and w;,.

1

1 in.~ 1in.~ a

J040in.

1
sz (1) = 400; wy = 800 Ib/in.

1.5in.
wi (15) = 800; w, = 533 Ib/in. ¢ =15 in— ¢
M = 400 (0.70833) = 283.331bin 400 1b 400 1b
1b
1 400" "
1= J702") = 00012566 in* K R\-0-108
oo, < Mc _ 2833302 | )M
7~ 00012566 1
o'b
= 45.1ksi  Ans 40
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*6-84. A shaft is made of a polymer having an elliptical
cross-section. If it resists an internal moment of
M =50N-m, determine the maximum bending stress
developed in the material (a) using the flexure formula,
where I, = %77(0.08 m)(0.04m)% (b) using integration.
Sketch a three-dimensional view of the stress distribution
acting over the cross-sectional area.

a) I= i rab’ = i 7(0.08)(0.04°) = 4.021238(10 *)m*
Omax =—=————'—-—-—=497kPa Ans
b)
M= amaxj ysz
(4 A
a ax
= L;_J’yzzzdy

2= 41//0.0064 -4y = 2,/(0.04)* -y

A o 75

() 1 7 2_,2 {0‘0‘
=4 2 sin (0'04) §y¢0.04 ¥2(0.04° - 2y")] o0s
4 0.04
= _(004) sin_l(-y_)l
2 0.04 1-0.04

=4.021238(10)m*

50(0.04)

= —————— =497 kPa Ans
4.021238(107%)

y
e 2
7+ 2 1
80 mm

% 50 N'm
¢ 160 mm/4 x

=N
%

; i é“’ﬁpq

6-85. Solve Prob. 6-84 if the moment M = 50N-m is
applied about the y axis instead of the x axis. Here
I, = +7(0.04 m)(0.08 m)>.

a)
I= %lzaba = Zln(o.04)(0.08)3 =16.085(10°) m*
Omax =M£=—M =249 kPa Ans
I 16.085(10°)
b)

M= zoan = [ (Z=) e

Omax, [008 2 7-2 1/2
50 = 2(—=2x —_— X
( 0. )I (1 ) '7(0.04)dz

0 T (0.08)2
50 = 201.06(10°%) O max

Omax =249 kPa Ans

y

\
80 mm

% 50 N'm
¢ 160 mm/4 x

2]

—

42

2
y 7

@y o !
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6-86. The simply supported beam is made from four
%—in.-diameter rods, which are bundled as shown. Determine
the maximum bending stress in the beam due to the loading

shown.

folh
2 {* 3
Mipax =80(2) = 1601b - ft vh
w A
| 70 tb
I= 4[(21:)(3/8)‘ +m(3/8)*(3/8)*] = 0.31063 in*
e

Mc 160(12)(3/4) 7
o =—— H —
max =7 031063 4.64 ksi Ans.

6-87. Solve Prob. 6-86 if the bundle is rotated 45° and set
on the supports.

80 1b
!
|
Fz ft—= 6 ft
fo A\
a4
' Mo,
Mmu =80(2)=160u)‘ft Io|5
I= 2[%::(3/8)‘] + 2[-37:(3/8)‘ +m (3/8)2((3/4) sin 45°)%] = 0.31063 in*
3 G 0,3
aml____n_{f=160(12)(4 sin 45 +i)=5v60ksi Ans 34 .
I} 0.31063 {3’
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*6-88. The steel beam has the cross-sectional area shown.
Determine the largest intensity of distributed load wy that it
can support so that the maximum bending stress in the
beam does not exceed o = 22 ksi.

Support Reactions: As shown on FBD.
Internal Moment: The maximum moment occurs at mid span.
The maximum moment is determined using the method of sections.

—_
)
=g
=
[\
=
i I

i 0.30 in.
03 in.Elloin,
0.30in.

2
/ w&
Section Property: - Sl
1 1 — =
= 5 ®(106) -5 (1.0 (10°) = 152344 in® | l |
12.f¢ | 2t
Absolute Maximum Bending Stress: The maximum 60U 60 W
moment is M,,, =48.0w, as indicated on the FBD. Applying ’ i
the flexure formula i(',f,)(lz) 316.0W0
Mmax C
cﬂllx = I

1y 280w, 12)(530) DMnax=48:01s

- 152344

wo = 1.10 kip/ft Ans
6-89. The steel beam has the cross-sectional area shown. Wo

If wy = 0.5 kip/ft, determine the maximum bending stress
in the beam.

Support Reactions: As shown on FBD.
Internal Moment: The maximum moment occurs at mid span.
The maximum moment is determined using the method of sections.

Section Property:
1 3 1 3 Il
I= E(s)(m.e )—E(”)( 10%) = 152344 in

Absolute Maximum Bending Stress: The maximum
moment s M_,, = 24.0 kip - ft as indicated on the FBD. Applying
the tlexure formula

_Mc

max
max
1

24.0(12)(5.30)

152.344
=10.0 ksi Ans

L 124t 12 £t /

8in.
. 0.30in.
0.3 in.EIlO in.
0.30in.
-

$(05X24):6.0 Kip

Ao
zfe T
30kip

3(05)02) = 3.0 kip
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6-90. The beam has a rectangular cross section as shown. P P
Determine the largest load P that can be supported on its 0
. & . PP 0.5m 0.5m 0.5m 50 mm
overhanging ends so that the bending stress in the beam
does not exceed oy, = 10 MPa. —— — | [0 1100mm
| |
L ]
| 1 |
[ o5m 05m 0-5m |
P P
Absolute Maximum Bending Stress: The maximum v
moment1s M,,, =0.5P as indicated on the moment diagram.
Applying the flexure formula P
o5 ¢
o ___Mmuf 3 1o I5 xom.
max I -P
0.5P(0.05
10( 10°) = 1#
1.(0.05) (0.13)
P=1666.7N = 1.67 kN Ans M
t 7x(m )
~05p
6-91. The beam has the rectangular cross section shown.
If P = 1.5kN, determine the maximum bending stress in 1-5 kA I-5 kN
the beam. Sketch the stress distribution acting over the
Cross section. : —]
| i P
[osm o:5m o-5m |
r P omm IS0k 50k
0.5m 0.5m 0.5m
| s vk
L A~ 1 [0 {100mm
i S,y P © N 1:50

Sl lxon)

o 1.0
-{-50

M(kN-m)

hrd d £ xam)

Absolute Maximum Bending Stress : The maximum
momentis M, =0.7S0 kN -m as indicated on moment

diagram. Applying the flexure formula

— Mmu

max I
_ 0.750(10%) (0.05)
15 (0.05) (0.13)
=9.00 MPa Ans

c
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*6-92. The beam is subjected to the loading shown. If its
cross-sectional dimension ¢ = 180 mm, determine the
absolute maximum bending stress in the beam.

40 kN/m 60KN 1
2
L 4 s
Af | LT
BT "o ta
!— 2m «~—1m 40(2) :80-0 kN 50 K
rTTTYTT 1
I - ]
L SN
/m T Im Im |
Section Properties: 10-0 kA 130 kN
VA 0.03(0.18)(0.06) +0.12(0.12) (0.09
j= A _ 005011 ( ) 0075 m V(KN)
TA (0.18) (0.06) +(0.12) (0.09) ©0.0
1 5
I=—(0.18)(0.06") +0.18(0.06) (0.075-0.03)"
12 100K,
1 B 2 ) 2 Xar)
+E(o,09)(0. 12"} +0.09(0.12) (0.12-0.075)* o 3
=59.94(107°) m*
-70-0
Allowable Bending Stress: The maximum moment is
M., =60.0 kN -m as indicated on the moment diagram. M (kn-m)
Applying the flexure formula
125 2 3
Omax = M"‘T"‘C ol 025 j x(m)
_ 60.0(10°)(0.18-0.075)
- 59.94(10-6)
=105 MPa Ans
-60.0
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6-93. The beam is subjected to the loading shown. Deter-
mine its required cross-sectional dimension g, if the allowable
bending stress for the material is o0 = 150 MPa.

Section Properties:

A _ ga(5a) at3a(3a) (3a) _ 5

® (a9l 1

l~i\a)( a\ +a( a)(—s—a—-l ):
12 3 12 6
+ -1— (—n:)(zawJ + la(ga\I(ga—- —5—(1)
12\2 A3, 23 /3 12

y=

2

40 kN/m 60i<N é
) llllllii ! %11
e

Support Reactions: As shown on FBD.

40(2) =80-0 kKN 60 ki
rTTTTTYTTT 1 J
i : ]
| N
/m T Im Im |
10-0 kN 130 kN

37
= 58-04 Internal Moment: As shown on the moment diagram.
Allowable Bending Stress: The maximum moment is M (kn-m)
M., =60.0kN - m as indicated on the moment diagram.
.25
Applying the flexure formula /lfz\ {, 3 x(m)
o o2s
Mmu ¢
Omax = Oallow = _1—_
60.0(10°) (a-%a
150( 10°) = (—SK—Q
s3gd -60-0
a=0.1599 m = 160 mm Ans
6-94. The wing spar ABD of a light plane is made from 0 b i
2014-T6 aluminum and has a cross-sectional area of 1.27 in?, ; /in.
a depth of 3 in., and a moment of inertia about its neutral
axis of 2.68 in*. Determine the absolute maximum bending ﬁ
stress in the spar if the anticipated loading is to be as shown. T = F2)
Assume A, B, and C are pins. Connection is made along the ﬁ 4 B
central longitudinal axis of the spar. C ‘
-3 - 6 ft |
90 |/

o =M. G = "“;2822—‘9 =258 ksi
’ Ans

Note that 25.8 ksi < oy = 60 ksi OK

T A i

Aj: . 4320%

Nl 2400 |
! b9
oo

Mithb -~

pX
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6-95. 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.

2300 /b
N
Boat: B
5 LE=0, B,=0 N, FHET S
G ZM =0 -Nu9)+2300(5) =0
Ny =1277.78 b 2300 1)
+TEF=0; 1277.78-2300+B, =0 [ &% |
B, =1022.221b 3 gt —= —~ &
Cy
Assembly : N,
G ZMc=0; - Np(10)+2300(9) =0 ;

N =2070 1> 12.7{.78'/5 1022-22 lb.
+TZF =0, G +2070-2300=0 I:Ea’_g?f*b“ t30lb
G =2301b 20701k

vab
1 792.2
1 3 3 . 4
I=—(1.75)3)° - —(1.5)(1.75)* = 3.2676
12( )3) 12( X(1.75) in —x
-127%f
_ Mc _3833.4(12)(15) _ ) mhty-
Omax = T "3 " 21.1ksi  Anms i 729
>
-3733.¢
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*6-96. The beam supports the load of 5 kip. Determine
the absolute maximum bending stress in the beam if the
sides of its triangular cross section are g = 6 in.

Support Reactions: As shown on FBD.
Section Property:

1
1=%mx&mmﬁ=uwuﬁ

Absolute Maximum Bending Stress: The maximum moment
occurs at the fixed support where M, = 10.0 kip - ft as indicated
on the FBD. Applying the flexure formula

M

c
_ max
Omax = 7

10.0(12)[§ (6sin 60°)]

23.383
17.8 ksi Ans

m
S kip
& =
a
a
5 kip
50kip l
C [ ]
L |
I 2ft ]
/OO kv‘P rf{

6-97. The beam supports the load of 5 kip. Determine the
required size a of the sides of its triangular cross section if
the allowable bending stress is o = 18 ksi.

Support Reactions: As shown on FBD.
Section Property:

\/54

1
= 3—6(a)(asin 60°)° = %

Allowable Bending Stress: The maximum moment occurs at
the fixed support where M_,, = 10.0 kip - ft as indicated on the FBD.
Applying the flexure formula

‘Mmuc
Omll = Oullow = /

g 100 12 ( 3asin 60°)

3
6

a=598in. Ans

<

at

o

m
S kip

2 ft

5
50kip 1
C C ]
[ J
< r Z 1t ]
10-0 kip- f¢
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6-98. The wood beam is subjected to the uniform load
of w = 200 1b/ft. If the allowable bending stress for the
material iS o710 = 1.40 ksi, determine the required dimen-
sion b of its cross section. Assume the support at A is a pin
and Bisaroller.

8 ft i 4 ft

200(8)=/600 16

po———— -1—------1
H H

| r
44 1 8fe
1066.67 Ib 53333 1b
v(ib)
106667
? 12 XGo)
Allowable Bending Stress: The maximum moment is ° 533
M., =5688.89 Ib- ft as indicated on moment diagram.
Applying the flexure formula 53333
M,
Omax = Taliow = m,“C M(’bft)
Lao( 107) = BHH02075) <8444 ,
' LB (156)° /4333
b=4.02in. Ans
> } t — X (ft)
5333 8 2
6-99. The wood beam has a rectangular cross section in S00N
m

the proportion shown. Determine its required dimension b
if the allowable bending stress is oy = 10 MPa.

500(2) =/000 N
[ phubedekabaiy shuiaieaiaid 1
H L
ra ]
|
/m | Im
750N 250/\)
V(N)
750
Allowable Bending Stress: The maximum moment is \ 2 4
M,,,, =562.5 N-m as indicated on the moment diagram. g = t ‘| Xr
Applying the flexure formula =250
MIN:m)
Omax = Tallow = Mas 5625
1 500
562.5(0.75
10( 10°) = l_(_i
L(b)(1.5b)1
b=005313m=53.1 mm Ans - —t —RCm
15 2 4
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*6-100. A beam is made of a material that has a modulus

of elasticity in compression different from that given for /
tension. Determine the location ¢ of the neutral axis, and —

derive an expression for the maximum tensile stress in the
beam having the dimensions shown if it is subjected to the A |
bending moment M. A

C
T
-
o
EIJ
(emu): = (Euu):(h - <)
¢ €
(Emn l(h - 0)
(amll)c = Ec(emul)g = E-——)C—_— ECJ
Location of neutral axis:
tIF=0 -%(h = O)(Opan)c(B) + %(C)(U.m),(b) =0
(h - C)(cmu)c = C(amu)l 1]

(h -0

(h - C)g(emu)l = CE(Enn)l ’ ﬁ-(h - C)Z = E;Cz

Taking positive root:
c _|E
h-c E
R
c= = {2] Awbs
1+ g—‘ VE+ ‘/_Er
IMy, =0
M= [l h - o)(o, (b)l(z) h-c+ (l o (b)l(z)(r:)
- 2( mu)c 3 ( 4 2((.')( mu)l 3
! 2 12
M= §(h = (b)) (Ogu). + 3¢ b(Oga,),

FmeEq {1}, (duu)r = 'E—i_c:(amn)r

M = 2(h = OB ——)(Opnr), + 2cB(0
= 3 h -c max /1 3C nu)l
1 M
M = deam.;),(h -c+0); (omu)l = -b—h—c
From Eq. (2}
(a_u)' = gy. M Ans
b ﬁj
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6-101. The beam has a rectangular cross section and is
subjected to a bending moment M. If the material from which
itis made has a different modulus of elasticity for tension and
compression as shown, determine the location ¢ of the neutral
axis and the maximum compressive stress in the beam.

h_(’t—_
v

_—

i

See the solution to Prob. 6 — 100
hyE,

—_— Ans

VE+ E,

c =

h/E.

Since (Omax)e = _C_E(O'nnx)r = (Cmax)s

h- hyE,
VE+ VE)Ih - (2550

JE

(omal)c ‘—‘_(amlx)
JE 3

ﬂ(ﬁdfi)

Omax)c = —_—
( ) e

JE
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6-102. The box beam is subjected to a bending moment of
M = 15 kip - ft directed as shown. Determine the maximum
bending stress in the beam and the orientation of the
neutral axis.

| 4 iIl. /

06 in.—~

Internal Moment Components:

M, = —%( 15) =-9.00 kip- ft

4
M, =< (15) = 120kip- t

Section Property: '
3 c
1 3 1 3 .4
I, = =—(6)(6")-—=(4)(4") =86.67
=L =35(6(6) -5 (#) =667
z
Maximum Bending Stress: By inspection, maximum f_jb
bending stress occurs at B and D. Applying the flexure formula |5 Kip#} A=
for biaxial bending \ hy D
]
My M,z ¢
C=——— 4+ —=
I I,
o = 120012 (=3)  -9.00(12)(=3) Z— 9
b= 86.67 86.67 Mg aq
=8.72ksi(T) (max) Ans
M
12.0(12)(3) -9.00(12)(3) b
op = +
86.67 86.67
=-8.723 ksi =872ksi (C) (max) Ans ¥
. . A
Orientation of Neutral Axis: 369"
L A
tan ¢ = =tan @ . i \
I, ¢
tan @ = (1) (-0.75) a=-36.9° Ans N

y'=3tan & =2.25 in.
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6-103. Determine the maximum magnitude of the bending

moment M so that the bending stress in the member does
not exceed 15 ksi.

4in.
//
B C

\
4in.
Z 6 in.
57
44 D
M ~—6in.—

Internal Moment Components:

M, = -g(m =-0.600M M, = g(m = 0.800M

¢
Section Property: 8 c
L=1I= —1-(6)(6-’) —i(4)(4’) =86.67 in*
2 12 ' z
2
Allowable Bending Stress: By Inspection. maximum %
bending stress occurs at points B and D. Applying the flexure JP\(A D
formula for biaxial bending at either points B or D M 2;_
My M.z
Op = Oullow = "T+ L
0.800M(12)(=3) =0.600M(12)(~3) 2 — < n
15= + \Y
86.67 86.67 My <>
M=258kip-ft Ans i
5
My
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*6-104. The beam has a rectangular cross section. If it is
subjected to a bending moment of M = 3500 N - m directed
as shown, determine the maximum bending stress in the
beam and the orientation of the neutral axis.

M = 3500 N-m

3500 sin30° = 1750 N -m

0.3375(10°%)

0p = 0.2084 MPa
z _ 150-z
0.2084 290

z = 10.0mm

-4
ana' = “iang = 3375107)
I 8.4375(10°5)

a= -666 Ans

84.375(10°)

tan (-30)

Up = o-zoaﬁ/v/.
A 'i-q ’—Ez
A

¥ _®

M =
My 3500 cos 30° 3031.09 N M st
= cos = - . .
z 1 . ) m 1. 7 / ¢
I, = —(0.3)(0.15%) =84.375(10°) m* T 1
b= 5 (10°) k § 5"
L =i(o.15)(0.3’) =0.3375(107) m* ® { = * g
12 N M
o= My Mz »
L ——t
on = - TIBLOOOIS) 1TS0(00T5) _ )0 om
0.3375(10°%) 84.375(10°%) max "
-3031.09 (- 0.15) 1750 ( - 0.075)
Op = — = - 2.90 MP;
5 0.3375(10-%) 84.375(10°%) S0 MPa (max)  Ans
- 3031.09 0.1 -0.
oc = ~ ©.15) , 1750 - 0.075) _ ;2084 MPa
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6-105. The T-beam is subjected to a bending moment
of M = 150kip-in. directed as shown. Determine the
maximum bending stress in the beam and the orientation of
the neutral axis. The location y of the centroid, C, must be
determined.

M =150 kip-in.
6 in—«—6 in.— __—
/
= =
l s
in é w_

[\

y T
. )
gin. €7
. o
]
2 in.
‘?/' M= /850 K-in
- /2
A Te &My
M, = 150sin 60" = 1299 kip - in. H 12 2" 71 —
M, = —150cos 60° = — 75kip- in. l[e 1. Lot
- (U@ +6) (B)Q) _ . (A, P Mg
y = = 3in. X
122) + 82) 1. -JD L4 ]
1 3 1 3 .4
I, = —@)(12%) + —(8)(2%) =293.33
l, 12()( )+]2()( ) in
L = 1—12-(12)(2’) + 122)2%) + 1—12(2)(83) + 2(8)(3%) =33333in*
o= My M
L 5
o, = ZET9B) 129908 | 33345 Ans
33333 293.33
-(=75)(7)  1299(-1) .
= = -202ks
o 33333 29333 ' $ 2
op = —EDD  IBICOH o554 { o
333.33 293.33 z F
:  _ 12-7 . / A
1982 3333 -
z = 447in.
ana = Ean o= 33333 L Ceony

tan = ————
J, 293.33
a=-631 Ans
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6-106. If the resultant internal moment acting on the

cross section of the aluminum strut has a magnitude of "
M = 520N-m and is directed as shown, determine the 0N
bending stress at points A and B. The location y of the P = m
centroid C of the strut’s cross-sectional area must be 0 mm 12
determined. Also, specify the orientation of the neutral axis. _ e | A
Y T
z Rra
200 mm
_L 20 mm — <20 mm
A
LZOO mm —+—200 mmJ
Internal Moment Components:
12 5
M:.—.—-l—é-(520)=—480N»m M:B(520)=2OON~m
Section Properties: % 520 N-m
8
13
__EyA _0.01(0.4)(0.02) +2[(0.110)(0.18)(0.02)] ( 5 )
Y T T 0.4(0.02) + 2(0.18)(0.02) z
=0.057368 m = 57.4 mm Ans
| L,
s 1]
L= %(0.4) (0.02%) +(0.4)(0.02)(0.057368 - 0.01)° ¥
|
1
+Y§(0‘04)(0' 18’) +0.04(0.18)(0.110~0.057368) A My
= 57.6014(10°) m* z > Mg
1 3 l 3 -3 4 - -
L= E(0.2)(0.4 ) —E(o.ls)(o.se ) =0.366827(107) m
Maximum Bending Stress: Applying the flexure formula
for biaxial bending at points A and B A
—1 '}/\3740
N—T
y M,z
g=—-——+— § U
L,

__-480(-0.14263) | 200(-0.2
94 = TT576014(10-5) " 0.366827(109)
~1.298 MPa = 1.30 MPa (C) Ans

- 480(0.057368) . 200(0.2)
57.6014(10-¢)  0.366827(10-%)
=0.587 MPa (T) Ans

op = -

Orientation of Neutral Axis:

L
tan @ = =tan 6
17
. 57.6014(1076)
7 0.366827(10°3)
a =-3.74° Ans

tan (-22.62°)
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6-107. The resultant internal moment acting on the cross
section of the aluminum strut has a magnitude of
M =520N-m and is directed as shown. Determine the
maximum bending stress in the strut. The location y of the
centroid C of the strut’s cross-sectional area must be 0 mm 12

. . . : . 5
determined. Also, specify the orientation of the neutral axis. 5TTB ' B
i
z
\

M = 520N-m

200 mm

_L 20 mm —{ =£20 mm
A

LZOO mm —+—200 mmJ
Internal Moment Components:
=—£(520)=—480N-m M, =i(520)=200N~m
13 13
Section Properties:
ZyA _ 0.01(0.4)(0.02) +2{(0.110)(0.18)(0.02)]

TA 0.4(0.02) + 2(0.18)(0.02) 520 N-m
=0.057368 m = 57.4 mm Ans B

y_:

1 2
=504 (0.02%) +(0.4)(0.02)(0.057368 - 0.01)* €

1
+1-2-(0.04)(o.18’) +0.04(0.18)(0.110-0.057368)* - A
= 57.6014(107) m* ¢
I

| -
7

ES
&

1y=

1 N _
E(o.z)((m ) —1—2(0.18)(0.36’) =0366827(107) 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

N /\-
- 480(-0.142632)  200(~0.2) .

+
57.6014(1076) 0.366827(10-3)
-1.298 MPa = 1.30 MPa (C) (Max) Ans

O, =

]

- 480(0.057368) 200(0.2)

+
57.6014(10-6) 0.366827(10-3)
=0.587 MPa (T)

Og =

Orientation of Neutral Axis:

L
tan @ = =tan @
y
. 57.6014(10-5)
~ 0.366827(10-)
a =-374° Ans

tan (-22.62°)
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*6-108. 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 M, 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 = /M? + M2 can be used to determine the
maximum bending stress. The maximum resultant moment occures at
EM,,, =v400°+ 1502 =427.2N -m.

Applying the flexure formula

o = Mmat 150N 150N

max 7
427.2(0.015) N )
= —_— Mt( 3 %
2(0.015%) 2
=161 MPa Ans f

M=JM;+M; (N-m) 300

3538
421-2

!
280.9
301-0

X{m)
o5 10 15 20 235 30

6-109. The shaft is subjected to the vertical and horizontal

loadings of two pulleys D and E 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 motorat Ccan

be assumed not to offer any support to the shaft. Determine

the required diameter d of the shaft if the allowable bending Support Reactions: AsshownonFBD, _HA

stress for the material is oy, = 180 MPa.
Internal Moment Components: The shaft is subjected to two
bending moment components M, and M, . The moment diagram for

each component is drawn.

Allowable Bending Stress: Since all the axes through the
circle's center for a circular shaft are principal axes, then the resultant

moment M = /M2 +M? can be used for the design. The

maximum resultant momentis M, = 4002+ 1502 =427.2N - m.
Applying the flexure formula

c

_ Mmax
allow =
1

427.2( %)
HON

d=0.02891 m=289mm Ans

Omax = O,

180( 10°) =
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6-110. The board is used as a simply supported floor joist.
If a bending moment of M = 800 1b - ft is applied 3° from
the z axis, determine the stress developed in the board at
the corner A. Compare this stress with that developed
by the same moment applied along the z axis (6 = 0°).
What is the angle « for the neutral axis when 6 = 3°?
Comment: Normally, floor boards would be nailed to the
top of the beam so that 6 ~ 0° and the high stress due to
misalignment would not occur.

M, = 800cos 3° = 798904 1b - ft
M, = -800sin3° = — 41.8691b- ft
M= goo lo-ft
1 3 . 4 — 1 3\ _ 4
=L = . L =—(6)(2°) = 4in
L= () = 36in = (6 =
- My M2 4
L 4 :
2)(-1 .
ou= - 798.904(12)(-3) | - 41.865(1 WD _ g0y psi Ans Me
36 4 4
-f
ma:!‘_mo; lana=3—6tan(—3°) M
I, 4
a= -1253° Ans ,
N
When 6 = 0°
Mc _ 800(12)(3) . A )
= — = ————= = 800psi ns
M= 36 P
6-111. Consider the general case of a prismatic beam o = atby+
subjected to bending-moment components M, and M, as =T yre
shown, when the x, y, z axes pass through the centroid of f J-
the cross section. If the material is linear-elastic, the normal 0=JoxdA=](a+by+cc)da
stress in the beam is a linear function of position such
that o = a + by + cz. Using the equilibrium conditions = a[ dA + bj ydA + cj zdA
0= [,odA, M,= [,z0dA,  M.= [,—yodA, 4 A A
determine the constants a, b, and ¢, and show that the I J
normal stress can be determined from the equation o = M, =] z20.dA =] 2(a+by+ ct)dd
2
[_(MzIy + Mylyz)y + (Mylz + MzIyz)Z]/(IyIz - Iyz )
where the moments and products of inertia are defined in = aj 2dA + b j yzdA + CJ' 22 dA
Appendix A. 4 4 4
M, = | -yo, aa= [va+by+rcran
= —aJ ydA—bI ysz—cJ yz dA
A A A
The integrals are defined in Appendix A. No(ethal[ ydA = j zdA = 0.
A A
Thus, 0 = aA
M, = bi,, + cl, ; M, = -bl, — cl,
x Solving fora, b, ¢ :
a = 0(Since A+ 0) Ans
b= _(I,M, + M,I,z); o= kM + M), Ans
LI ~ lyzz Li - Iyzz

Thus, o, = _(le, + Myln) . (M,I, ”""’)z

QED
L - I L - I,
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#6-112. The 65-mm-diameter steel shaft is subjected to
the two loads that act in the directions shown. If the journal
bearings at A and B do not exert an axial force on the shaft,
determine the absolute maximum bending stress developed
in the shaft.

Support Reactions: As shown on FBD.

- ks
Internal Moment Components: The shaft is subjected to two 3464 kN S#64 k)
bending moment components M, and M, . The moment diagram for ZO0KN

each component is drawn.

Maximum Bending Stress: Since all the axes through the
circle's center for a circular shaft are principal axes, then the resultant - 20 kn 344 k
moment M = /M2 + M2 can be used to determine the
maximum bending stress. The maximum resultant moment is 3464 ki

M., =v/4.330°+0.71432 = 4.389 kN - m. Applying the flexure
formula.

_ M .cC
Toax = 75
_ 4.389(10%)(0.0325)
T E(0.0325Y)
=163 MPa Ans

o £

_oT#?

6-113. The steel shaft is subjected to the two loads that act
in the directions shown. If the journal bearings at A and B
do not exert an axial force on the shaft, determine the
required diameter of the shaft if the allowable bending
stress 1S oyjow = 180 MPa.

Support Reactions: As shown on FBD.

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

Allowable Bending Stress: Since all the axes through the
circle's center for a circular shaft are principal axes, then the

resultant moment M = M2 + M2 can be used for the design. The

maximum resultant moment is M, = v 4.3302+0.71432
=4.389 kN - m. Applying the flexure formula,

M.
Omax = Oallow =
1
4.389(10%) (¢
180( 10°) = —()‘(#)
(9
4\2
d=0.06286 m=629mm Ans @joﬁ
3
™ =

o1
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6-114. Using the techniques outlined in Appendix A,
Example A.5 or A.6, the Z section has principal moments
of inertia of 1, = 0.060(10°) m* and I, = 0.471(107°) m*
computed about the principal axes of inertia y and z,
respectively. If the section is subjected to an internal
moment of M = 250 N - m directed horizontally as shown,
determine the stress produced at point A. Solve the
problem using Eq. 6-17.

§ N
Y
; /<} \\

200 mim
50 mm

7 B isomm
50
300 mm >0 mm
e_l

= 250 cos 32.9° = 2099N- m

M, = 250sin329° = 1358N- m
y = 0.15c05 32.9° + 0.175sin 32.9° = 0.2210m

z = —(0.175 cos 32.9° — 0.15 sin 32.9°) =-0.06546 m

M,y M,z -1358(0.2210) + 209.9(—0.06546)

Oy = — + =
L i, 0.471(1073) 60.0(107%)
=-293 kPa =293 kPa (C) Ans
6-115. Solve Prob. 6-114 using the equation developed in 50 m
Prob. 6-111. Az /
y
Internal Moment Components: T
200 mm|™\32:9°
M, =25CN-m M =0 |
Section Pr.opem'es: Y j:- [T [
|
. . 250 N-m I 200 mm,
I, = 55(03) (0.05%) +2[E(o.05)(o.|s’) +olos(o.15)(o.|’)] 50 mm
z
=0.18125(107) m' 7 B
50
 300mm 0™

= —(005)(03’) + z[—(o 15)(0.05*) +0.15(0.05) ( 0. ns‘)]
=0350(10") m*

= 0.15(0.05)(0.125) (~0.1) +0.15(0.05) (~0.125) (0.1)
=-01875(107) m*

Bending Stress: Using formula developed in Prob. 6- 110

~(M. ], +M,l")y+(M I +M:IL)~
- 11~

o = ~[0+250(~0.1875) (107)}(0.15) + {250(0.350) (1073} + 0] (-0.175)
" 0.18125(10-3)(0.350)(10-?) ~ [0.1875(10-3)} 2

=~293 kPa =293 kPa (C) Ans
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*6-116. Using the techniques outlined in Appendix A,
Example A5 or A.6, the Z section has principal moments

. . _ , 50
of inertia of 7, = 0.060(107%) m* and I, = 0.471(107%) m", %IV
computed about the principal axes of inertia y and z, ¥ A
respectively. If the section is subjected to an internal T

moment of M = 250 N - m directed horizontally as shown, !
determine the stress produced at point B. Solve the ‘

32.9°

bl ing Eq. 6-17. ’
problem using Eq y——
250 N-m 200 mm,
S50 mm
4
, B
Internal Moment Components : g 30
300 mm 0 mm

M, =250 cos 32.9° =209.9N-m
M, =2505in32.9°=1358N-m

Section Property :

y =0.15co0s 32.9°+0.175 sin 32.9°=0.2210 m
2" =0.15sin 32.9°-0.175 cos 32.9° = —0.06546 m

Bending Stress : Applying the flexure formula for biaxial
bending
g MY Md
Lo
o o 1358(02210) 209.9(~0.06546)
B 0471(107)  0.060(10%)
=-293 kPa =293 kPa (C) Ans
6-117. For the section, [, =317(10°m' I, = y oy
114(107%) m®, Iy, = 15.1(107%) m* Using the techniques 60 mm\ 60 mm
outlined in Appendix A, the member’s cross-sectional area }
has principal moments of inertia of 1, = 29.0(10 %) m* and | f
I, =117(10°) m* computed about the principal axes of 60 mm
inertia y and z, respectively. If the section is subjected to a k
moment of M = 2500 N -m directed as shown, determine 80 mm
the stress produced at point A, using Eq. 6-17. ZM — 2500 N<m_ C
10.10°, _—
o y ‘ 140 mm
L =117(10")m L =29.0(10"")m 60 ?m
M, = 2500 sin 10.1° = 43842 N-m A

M, =2500cos 10.1° = 246126 N-m

y = —0.06 sin 10.1°~0.14 cos 10.1° = —0.14835 m
z=0.14 sin 10.1° - 0.06 cos 10.1° = —-0.034519 m

My Mz

Ox =
A T i

_ —2461.26(—0.14835) + 438.42(~0.034519)
117(10°%) 29.010°%)

=260MPa(T) Ans
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6-118. Solve Prob. 6-117 using the equation developed in

N
I
¥
60 mm
80 mm
M =2500N'm c
' -~
10.10° e
z 140 mm
60 mm
o TMh ML)y (M + Mok )2 !
A= ] A
L1,
— _6 4 |
- [2500(31.7)107°) + 0](—0.14) + [0 + 2500(15.1)(107°)}(-0.06) = 2.60 MPa(T)
31L.7(107%)(114)(107°5) - [(15.1)(10°%))?
Ans
6-119. The composite beam is made of 6061-T6 aluminum
(A) and C83400 red brass (B). Determine the dimension A
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 (o). = 128 MPa and for the
brass (anow)or = 35 MPa?
- olgm
! [————]-r
N Lh'_. A

3 20-05m

I

0/0233 m

Section Properties: Allowable Bending Stress: Applying the flexure formula
_ él _ 68.9(10%) = 0.68218 Assume failure of red brass
E,, 101(10°%)
by = nby = 0.68218(0.15) = 0.10233 m (G.u) =£
allow/br I7
NA
v M(0.04130
gz 35(10°) = MO0
¥=52 7.7851(10-¢)
0.05 = 0.025(0.10233) (0.05) +(0.05+ 0.5h) (0.15) k M=6598 N-m=6.60kN-m (controls!)  Ans

0.10233(0.05) + (0.15) A
Assume failure of aluminium

h=004120m=41.3 mm Ans
Mc
(alllov)al = nl_
Ia = —(0 10233) (0.05%) +0.10233(0.05) (0.05 - 0.025)* "
=—(0. .057) +0.10233(0. .05-0.02 M(0.05
e 2 128( 10°) =0.68213[;ﬁ#]
3 2 °
5 (0.15) (0.04130) +0.15(0.04130) (0.070649 ~ 0.05) M=29215N.-m=29.2kN.m

=7.7851(107°) m*
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*6-120. 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 atiow)al = 128 MPa and for the brass (o,yow)pr = 35 MPa.

o-/5m
//ih N l l 0.04-m
" -— A
/EO mm y l l 8.05m

0-/0233m

‘ 150min

Section Properties: For transformed section. Allowable Bending Stress: Applying the flexure formula

E;  68.9(10%) Assume failure of red brass
n=—=————— =(.68218
E, 101.0(10%

Byy = by = 0.68218(0.15) = 0.10233 m (Guon)y, = 2
* T 'NA
; M(0.09-0.
g A 35( 10°) = M(0-09~0.04289)
Y 7.45799(10%)
~0.025(0.10233) (0.05) +(0.07) (0.15)(0.04) M=6412N-m=641kN-m (controls!)  Ans

0.10233(0.05) +0.15(0.04)
Assume failure of aluminium

=0.049289 m M
[
(Ouiou)a =7
1 'NA
lus = 15(0.10233) (0.05%) +0.10233(0.05) (0.049289 - 0.025)2 128( 10°) = 0.68218 M(0.049289)
| ; 7.45799(10-5)
+17(0:15)(0.047) +0.15(0.04) (0.07 - 0.049289)? M=2839IN-m=284kN m

=7.45799(107°) m*

6-121. A wood beam is reinforced with steel straps at
its top and bottom as shown. Determine the maximum
bending stress developed in the wood and steel if the beam
is subjected to a bending moment of M = 5 kN - m. Sketch

y
the stress distribution acting over the cross section. Take ‘ /(
Ly = 11 GPa, Ey = 200 GPa.
300 mm

I= 5(3.63636)(0.34)’ - 1—12(3.43636)(0.3)’ =4.17848(10*)m* %

Maximum stress in steel: z 200 mm
nMc, 18.182(5)(10%)(0.17)
1 4.17848(107%)

(Ot dmax = =370MPa  Ans

Maximum stress in wood:

(OwWmax = —— = ———————=0.179MPa  Ans

(Ost) = n(Ow)max = 18.182(0.179) = 3.26 MPa
n(200) = 363636 mm

T $-%nn
~370MPa. ZIN % ﬂg
326 MPa < |3
0-119M pe 3
2
g R 2
100 mm
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6-122. The Douglas Fir beam is reinforced with A-36 steel y
straps at its center and sides. Determine the maximum stress
developed in the wood and steel if the beam is subjected to . . 0
a bending moment of M, = 7.50 kip - ft. Sketch the stress : r e : r
distribution acting over the cross section.

6in. Z

b 2in—d F2in—

Section Properties: For the transformed section.

Ey  290(10%)
by = nb,, = 0.065517(4) = 0.26207 in.

1 ( bse026207 in.
Iua =—l-2-(l.5+()A26207)(63) =317172in° 15,0,

Maximum Bending Stress: Applying the flexure formula

Me  7502)(3) ,
S A S T Ans
Omar st = 7 = 373795 . "

7.5(12)(3)

=n M 0065517
(Oman )y =1t = = 0.06: 317172

:|=0.558 ksi Ans

6-123. Thesteelchannelisused 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 = 8501b - ft.
Ey = 29(10°%) ksi, E,, = 1600 ksi.

nisj=0627¢ "
05" AT4 “’
I +
L p——d
y /6”*

(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)

1.1386 in.

y=

I= -115(16)(0.5’) +(16)(0.5)(0.8886°) + 2(-135)(0.5)(3.5’)+ 2(0.5)(3.5)(1.1114%)

+ 1—12(0.8276)(3.53) +(0.8276)(3.5)(1.1114%) = 20.914 in*

Maximum stress in steel:
(0y) = Mc w =1395psi=140ksi  Ams
I 20914

Maximum stress in wood:
(ow) =n(0st Jmax
=0.05517(1395) = 77.0 psi Ans

310




© 2008 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

*6-124. The Douglas Fir beam is reinforced with A-36 ¥
steel straps at its sides. Determine the maximum stress |
developed in the wood and steel if the beam is subjected to 15 mm ! 200 mm 15 mm
a bending moment of M, = 4kN-m. Sketch the stress — —

distribution acting over the cross section.

350 mm z

Section Properties: For the ransformed section. olfsr

, N A
13.1(10
= E _ 1100 0.0655 o1]sm
E, 200(10°)
by = nbyy = 0.0655(0.2) = 0.0131 m V=F, = 0013y
oosmrDIT 5t
1 _
Iys = E(O'O3+0'0131)(0'353) =15399(10°°) m* 0,208 MPa.
4B5MPa

[

)

Maximum Bending Stress: Applying the flexure formula

alr sam 2

4(10°)(0.175)

_ Mc =4.55 MPa Ans .
(Omax st = I 153.99(10-¢) ?
2n Mg 06ss| LUDOUN_ o ooempa A
(Omas )y =n— =0. 153.99(106) | o

6-125. The composite beam is made of A-36 steel (A)
bonded to C83400 red brass (B) and has the cross section
shown. If it is subjected to a moment of M = 6.5 kN-m,
determine the maximum stress in the brass and steel. Also,
what is the stress in each material at the seam where they
are bonded together?

Section Properties: For the transformed section.

E,, 101(10°) _

P .

n==t=___—"-0505
Eq  200(10%) . . 125 mm
by = nby, = 0.505(0.125) =0.063125 m Bending Stress: Atseam V
- My
7= ZyA Oy = T
A 3 -
_0.05(0.125)(0. 1)+ 0.15(0. 1(0.063125) - $30D)1-0085)
T T 0.125(0. 1)+ 0. 1(0.063125) . 57.62060(10°%)
=0.08355m =1.855 MPa= 1.86 MPa Ans
My
1 2 =pn — = =
iy = 150125 (0.17) +0.125(0.1)(0.08355 - 0.05)° o =1 = =0.505(1.855) = 0.937 MPa Ans
1
+F(0.063l25)(0.l’) +0.063125(0.1)(0.15 - 0.08355)*
= 57.62060( 107) m* po2m
Maximum Bending Stress: Applying the flexure formula oim 4[:5
! A
(o). = My _ 65(10(0.08355)
ma)st = T T S 62060(104) olm
=9.42 MPa Ans

Fo

bs¢=0-063125 m

_ Mc = 0.505 6.5(10)(0.2 - 0.08355)
(cmlx Yor =1 I; T 57.62060(10-¢)
= 6.63 MPa Ans
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6-126. The composite beam is made of A-36 steel (A)
bonded to C83400 red brass (B) and has the cross section
shown. If the allowable bending stress for the steel is
(G aiow)st = 180 MPa and for the brass (o aow)or = 60 MPa,
determine the maximum moment M that can be applied to
the beam.

O-I25m [

[
3
=
=
>

|.?_.|

bs¢=0-063125m

AllowableBending Stress: Applying the flexure formula

Section Properties: For the transformed section. / Assume failure of steel
B, 101(10° . My
=—==———" =0.505 (Orax)st = (Oanounly = —~
"= E, T 2000109 C el Ty
by =nb,, = 0.505(0.125) =0.063125 m 180( 10°) = 008335
57.62060(10-5)
. ZjA
=5 M= 124130 N-m=124kN m
05(0.125)(0.1) + 0. 15(0. 1)(0.063125)

0.
= Assume failure of brass

0.125(0.1) + 0.1(0.063125)
=0.08355m y
(Oaax)or = (Cuton)y; =1 ‘Tf

1
Iy = 75(0.125) (0.1%) +0.125(0.1)(0.08355 - 0.05)°

60( 106) - O.SOS[M(O'Z —0.08355)]

| , , 57.62060( 10~6)
+75(0063125) (0.17) +0.063125(0.1)(0.15 - 0.08355)
M=58792N-m

= 57.62060( 107®) m*
(107°) m =S88KN-m (Controls!)  Ans

6-127. The reinforced concrete beam is made using two

steel reinforcing rods. If the allowable tensile stress for the 225,

steel is (og)aiow = 40 ksi and the allowable compressive E{L“ -
stress for the concrete is (T eone)aow = 3 Ksi, determine the o 5, “:

maximum moment M that can be applied to the section. e l "
Assume the concrete cannot support a tensile stress. '7-‘————1——__—- - Yee

Ey = 29(10°%) ksi, Egppe = 3.8(10%) ksi.

Ay = 2(x )(0.5)* = 1.5708 in®

il B "G, A =ndg = 209) 4 08 - 11,9877 in?
| N “Z3saey o
LE LA=0;  22(4)K'+2)+R(6)AI2)— 11.98TT(16— k) = 0
M C 3% +99.9877h'~ 15.8032 = 0
e Solving for the positive root:
k =0.15731 in.
2in. N
1-in. diameter rods’ I= 11—12(22)(4)’ +224)(2.15731) 1+ [$(6x0.15731)3 +6(0.15731)(0.15731/2)%}

+11.9877(16 -0.15731)" = 3535.69 in*

Assume concrese fails:
My M(4.15731)
(o, ow = ——3 f PRk Binindduteld
con )all 1 7 3535.69
M = 2551 kip-in.
Assume steel fails:
3
(Gt hattow =,,(ﬂ’); 40 = (29(10 ))(M(16—0.15731))
7 3.8(10%), 3535.69

M=1169.7kip-in. =97.5kip- ft (controls) Ans
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*#6-128. Determine the maximum uniform distributed load 0.75.1n. diameter rods

wy that can be supported by the reinforced concrete beam if Wo ' '

the allowable tensile stress for the steel is (og) agow = 28 Ksi, l l l l l l l l l l l l l l l ) 4

and the allowable compressive stress for the concrete is K B IZO .

(T conc)allow = 3 ksi. Assume the concrete cannot support a F '
-

; 3 ; 3 . e 2.5 in.
tensile stress. Take Ey = 29(10°) ksi, E¢pe = 3.6(10°) ksi. ‘
‘ 8ft— 8t

10 in.

NN

= | I R —
anx = 32Wo , , v H* %
Aq =27 (0.375)° = 0.883573 in T
29(10%) .2 1
A'=nAy = 0.883573) = 7.11767 in ¥l
"= 36009 ) °
IjA=0;  —10(A)*R/2)+7.11767(17.5-h) = 0 \ “
S5h” +7.11767h' - 124.559 = 0 -gur,
Solving for the positive root : M
h'=4330in.
I= [1—12(10)(4.330)3 +(10)(4.330)(4.330/2)%] + 7.11767(17.5 - 4.330)*] = 1505.161 in* x
. Baug
Assume concrete fails :
My M(4.330)
[ ow = —3 3= ———
(Geon duttow =7 1505.161
M = 10439 kip - in.
Assume steel fails :
My 29(10°)  M(17.5-4.330) A
(Oa hanow =n(—==);,  28=
R 1 Ssa0) " Tsos161 e,
M =3972kip-in. N
. 175,
Thus, steel fails first : "
& = 32wq; wo = 1.03 kip/ft Ans by
12 10 ih.
6-129. A bimetallic strip is made from pieces of 2014-T6
aluminum and C83400 red brass, having the cross section
shown. A temperature increase causes its neutral surface to
be bent into a circular arc having a radius of 16 in. Determine ) o 1
the moment that must be acting on its cross section due to Transform the section to brass. ; " o
the thermal stress. = = o
neBo 106 _ 4060 ) . lo.u——.;.,
E, 146 2,211 §F
\\ Thus,
16 in. 0.3 in.
-~ Brass ol 5= 0050.102178) + ©1HO.DO _ o 004
S (0.1(0:2178) + (0.1)(0.3) ' :
0.1in.
Aluminum I= {E(o.znsxo.n’ +(0.2178)(0.1)(0.10794 - 0.05)" +
115(0'3)(0‘ 1)’ +(0.1)(0.3)(0.15 - 0.10794)” = 169.34(10°) in*
1 M
p EI

6 6
ar = 1460006939107 | (o Ans.
16.092
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6-130. The fork is used as part of a nosewheel assembly
for an airplane. If the maximum wheel reaction at the end
of the fork is 840 Ib, determine the maximum bending stress
in the curved portion of the fork at section g—a. There the
cross-sectional area is circular, having a diameter of 2 in.

(+2Mc =0; M —840(6 - 10 sin 30°) =0
M =28401b-in.

=2m(10- /102 -(1)?)

=0.314948615 in.

A=nct=n (1)) =min®

A
R= [a- — L _9974937173in,
0.314948615

=10-9.974937173 = 0.025062827 in.

_ M(R-r,) 840(9.974937173-9)
Ar4(Fr—R) m(9)(0.025062827)

=1.16 ksi (T) (max) Ans

840 1b op = M(R.—r,,) - 840(9.974937173-11) = -0.994 ksi (C)
Arg(F—R) 7 (11)(0.025062827)
6-131. Determine the greatest magnitude of the applied
forces P if the allowable bending stress is (o, 0w). = 50 MPa S mm
in compression and (o ,ow); = 120 MPa in tension.
10 mm
10 mim 150 mm
P 10 mm
Internal Moment: M = 0.160P is positive since it tends to increase
the beam's radius of curvature. 150 mm
Section Properties: 250 mm
. IyA
r=
A

_0.255(0.15)(0.01) +0.335(0. 15)(0.01) +0.415(0.075)(0.01)
- 0.15(0.01) +0.15(0.01)+0.075(0.01)
= 0.3190m

. Allowable Normal Stress: Applying the curved - beam formula
A =0.15(0.01)+0.15(0.01)+0.075(0.01) = 0.00375 m’ lowable Normal Stress: Applying the curved - beam formu

Assume tension failure

dA 0.26 0.41 0.42
2l 201510 =2 +0011n ~— +0.075 In ——
N 0.25 0.26 0.41 MR -7
=0012245 m (o) = 557 R)
o 0.16P(0.306243-0.25)
A 0.00375 120(10°) = 0.00375(0.25)(0.012757)
R=—2_ """ _0306243m

I, & 0012245
= 159482 N = 159.5 kN

7-R =0.319-0.306243 =0.012757 m
Assume compression failure

MR -1

Ar(F- R)
0.16P(0.306243 - 0.42)

0.00375(0.42)(0.012757)

(axllow)c =

-50(10°) =

P =55195N=552kN (Controls!) Ans
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#6-132. If P = 6 kN, determine the maximum tensile and
compressive bending stresses in the beam.

<—¢— 10 mm
160 mm1 0 ™™ 150 mm
I ‘FIO mm
150 mm
250 mm
P —
Internal Moment: M =0.160(6) = 0.960 kN - m is positive
since it tends to increase the beam's radius of curvawre.
Section Properties: §'§' l
3| H
Ol & —C— —— =
- Q 1~
F= =74 Qrg:
ZA Nl N
_0.255(0.15)(0.01) +0.335(0. 15)(0.01)+ 0.415(0.075)(0 9 ¢
- 0.15(0.01) +0.15(0.01)+0.075(0.01)
= 0.3190m
A =0.15(0.01) +0.15(0.01)+0.075(0.01) = 0.00375 m* Normal Stress: Applying the curved - beam formula
MR -P
dA 0.26 0.41 0.42 -
| —=o0. —— +0.01 In — +0.075 In — (Oman), = =
f ;=05 G 026" 041 " AR R)
f 0012245 m _ 0.960(10%)(0.306243 - 0.25)
’ ~ 7 0.00375(0.25)(0.012757)
=451 MPa Ans
A 00375
R=—_ = 000375 _ 0.306243 m
=[, 4 0012245
MR -»)
. (Omax)e = A-R)
F-R =0.319-0.306243 =0.012757 m  0960(10°) (0.306243-0.42)
~ 7 0.00375(0.42)(0.012757)
=-5.44 MPa Ans
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6-133. 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.

A4 ¢
B 100 mm
——fc
30° A " 20mm
15 mm — k—
150 mm
400 mm ‘ J 4L
B
M

3

(

L

c
Internal Moment: M = —900 N - m is negative since it tends g g
to decrease the beam's radius of curvature. NI _ \
3t S N
S| o ____ R
Section Properties: 3 & ﬂ N
T3
)
Oh=3-82 MPy,

FA =0.15(0.015) +0.1(0.02) = 0.00425 m* 0-5’ 9.73Mpo

TFA =0.475(0.15)(0.015) +0.56(0.1)(0.02) = 2.18875(107%) m’

Normal Stress: Applying the curved - beam formula

“Ta T oooas  C0dM0m

da 0.55 0.57 o o, = M(R —r,) _ -900(0.509067 - 0.57)

z -= 0.0151n 7 +0.11n 05 8.348614(10™ ) m Ar (F=R) 0.00425(0.57)(5.933479)(10-3)
* ' =3.82 MPa(T) Ans

R=-A = 000425 0.509067 m M(R —rg) -900(0.509067 - 0.4)

T, ¥ 8.348614(1073) oy = . = .

A7 Arg(F —R)  0.00425(0.4)(5.933479)(10-3)
=-9.73 MPa=9.73 MPa (C) Ans

F-R =0.515-0.509067 = 5.933479(107) m
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6-134. The curved beam is subjected to a bending

moment of M = 900 N - m. Determine the stress at point C.
4 ¢
B 100 mm
¢
30° Ao 20mm
1Smm — ~—
150 mm
400 mm ‘ R
Internal Moment: M = -900 N - m is negative since it tends B
to decrease the beam's radius of curvature. M
Section Properties:
FA =0.15(0.015) +0.1(0.02) = 0.00425 m’
TFA = 0.475(0.15)(0.015) +0.56(0.1)(0.02) = 2.18875(10"%) m § E
S W
) b
TFA 2.18875 (10°%) Ol =
== =0.5150m &
ZA 0.00425 T4
of
dA 0.55 0.57 .
Z| —=0015In —6—4—+0.1 In 0— =8.348614(107") m
A’ ) 33 Normal Stress: Applying the curved - beam formula
R A 0.00425 0.509067
= = =0. m
}:IA “T“ 8.348614(10°7) o = MR -rc) _ -900(0.509067 - 0.55)
€T Arc(F —R)  0.00425(0.55)(5.933479)(103)
F=R =0.515-0.509067 = 5.933479(10*) m =2.66 MPa (T) Ans
6-135. 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.
0 e
50 mm )
(+2Mo =0;  M-250cos 60° (0.075) - 250 sin 60° (0.15) =0
M=41851N-m
A i =005 227 ~ 0018974481 m
AT r 0.1625

A = (0.075)(0.05) = 3.75(10"°) m*

-3
R=A 37000 _ 167633863 m
Ja%4  0.018974481

F-R =0.2-0.197633863 = 0.002366137

gy MR=ra) | 418510.197633863-0.0375) _ 5, 75,
Ara(i-R) 3.75(1073)(0.2375)(0.002366137)

=792kPa(C) Anms

s = M(R—-rg) - 41.851(0.197633863 —0.1625) = 1.02 MPa (T) Ans
Arg(F-R) 3.75(107%)(0.1625) (0.002366137)
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*6-136. The circular spring clamp produces a compressive 10 mm |-
force of 3N on the plates. Determine the maximum bending 0 + 20 mm
stress produced in the spring at A. The spring has a +
rectangular cross section as shown. ‘

A
220 mm
Internal Moment: As shown on FBD, M=0.660 N -m is

positive since it tends to increase the beam's radius of curvature. {

Section Properties:

_0.200+0.210 Maximum Normal Stress: Applying the curved - beam formula
F=—————=0205m
M(R -ry) M=0-660 N.m
dA r 0.21 3 O = ———— —~
——=bln—=0.021no—26=O.97580328(lO )m Ary(7- R) | —3.0wn
r r .
A ! 0.660(0.204959343 - 0.21)

= 0.200(10-)(0.21)(0.040657)(107) 042
A=(0.01)(0.02) =0.200( 107) m’
=-1.95MPa = 1.95 MPa (C)

3N
A 0.200(10°%) ~e a
R=—— ="~ -0204959343 - 0Zm
[ & T 0.97580328(10) " o = MR -n) —‘"
‘T Ar(7-R) | M =02im
F=R =0.205-0.204959343 = 0.040657( 107*) m 0.660(0.204959343 - 0.2)
" 0.200(10-*)(0.2)(0.040657)(10-?)
=201 MPa(T) (Max) Ans

6-137. Determine the maximum compressive force the
spring clamp can exert on the plates if the allowable
bending stress for the clamp is o,y = 4 MPa.

10mrnﬁﬁi

1] T20 mm Mmu=0’4"“959p
‘ 4_1 sl £
NS
g QS
A INRS

0424959

N 0-220m+R,

220 mm

s

Section Properties:

Allowable Normal Stress: Applying the curved - beam formula

Assume compression failure

M(R-ry)

. 1210 = = 7

F= w__ =0.205m O: = Oiliow An (-R)

0.424959P(0.204959 — 0.21)
dA r 0.21 _ -4(10°) =
J —= b m;: =0.021In 035" 0.97580328(107°) m (10%) 0.200(10-3)(0.21)(0.040657)( 10-3)
) .
A
P = 318N

A =(0.01)(0.02) =0.200(107°) m’
Assume tension failure
R=A_ - 0.200(10%) =0.204959 M(R
T % T 0.97580328(107%) " 0, = Gypgy = MR
’ Ar (7-R)
4(10°) = 0.424959P(0.204959 - 0.2)
0.200(10-2)(0.2)(0.040657) (10-%)

F-R =0.205-0.204959343 = 0.040657( 107°) m

Internal Moment: The internal moment must be computed about
the neutral axis as shown on FBD. M,,, = 0.424959P is P = 3.09N (Controls!) Ans
positive since it tends to increase the beam's radius of curvature.
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6-138. 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.

o 605
L dA/r = 003 === + 0009 = 0. 625 = +(0.03in 0—23-2‘; =0.650625(10) in.

A = 2(0.005)(0.03) + (0.02)(0.005) = 0.4(10™%) in?

A 0.4(107%)
Rzt =220 ) 06147933
{adA/Zr ~ 0.650625(10°)

MR-r.) - 16(0.6147933 - 0.630)
Ara(r—=R)  0.4(1073)(0.630)(0.615 - 0.6147933)

(Oc)max = =-4.67 MPa

M(R-r,) 16(0.6147933 - 0.6)
(0 )max = ~ = =4.77 MP. A
TR T Ara(F-R)__0.4(107°X(0.6)(0.615— 0.6147933) : e
4. 77Mr
44,7 MV~

6-139. The steel rod has a circular cross section. If it is
gripped atits ends and a couple moment of M = 121b-in is
developed at each grip, determine the stress acting at points
A and B and at the centroid C.

/5

C
5 . M M

A

ri=3in

£
")
o
“
L\)
n
&

R=2in.

Internal Moment: M = 12 1b-in is positive since it tends to

increase the beam's radius of curvature. Normal Stress: Applying the curved - beam formula

Section Properties: - MR —1)
AT Ar(F-R)
dA 12(2.474745 - 2) .
@A - [ = = 144 psi (T Ans
J — =27 (7F-/7-c) 02sm(002525%) D
A
=27(2.5-/252-0.5%) =0.317365 in. MR ~rg)
Oy = —————
27 Arg(7-R)
A=rnct=r(05") =0. 12(2.474745-3
Te ”(05 ) 0.257 —(————-)-— —106 ps1= 106 psi (C) Ans
0.257(3)(0.025255)
R = A__ 0B =2.474745 i
T E T 0317365 " oo = MR Zrc)
Arc(F-R)
=R = 2.5-2.474745 = 0.025255 in. o 12QA4745-25) () Go611psi(C)  Ans
0.2571(2.5) (0.025255)
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*6-140. 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
stresses acting at section a—a. Sketch the stress distribution
on the section in three dimensions.

~_ B[
H

50 mm

Internal Moment: M =37.5 N -m is positive since it tends to
increase the beam's radius of curvature.

Section Properties:

o 0LHOITS 1395 m
2
s 75 mm
A =0.075(0.05) = 0.00375 m
0.175
—--005!:1——0027981m M=375M.m

0.1

R= A 000 a0 i
= —_— = — = m
[, & " 0027981 250N + =R
£
¢
2~

0:15m

F=R =0.1375-0.134021 = 3.479478(107) m

Z50N

Normal Stress: Applying the curved - beam formula

M(R-n) 0-6]3MPa

(Opax) = ———0=
Ar (F=R)
_ 37.5(0.134021-0.1)
- 0.00375(0.1)(3.479478)(10-3)

=0.978 MPa (T) Ans

_M(R-r1)
max)e = AnG=R)

_ 37.5(0.134021-0.175)

~ 0.00375(0.175)(3.479478)(10-3)

=-0.673 MPa = 0.673 MPa (C) Ans

(o,

6-141. The member has an elliptical cross section. If it is
subjected to a moment of M = 50N-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.

£=-2—”—b(r'—;/f7—az)

- 2”;0003575)(0 175-4/0.1752 —0.075% ) = 0.053049301 m

A= nab = (0.075)(0.0375) = 2.8125(10 )~

1 -3
R= _‘ﬁ 2 28125007)r _ 1 ccss6041
fa94 ™ 0.053049301

F—R =0.175-0.166556941 = 0.0084430586

_MR-r) _ 50(0.166556941 ~0.1)
ArA(r R) 2. 8125(1073)7 (0.1)(0.0084430586)

=446kPa(T) Ans

_M(R-rp) _ 50(0.166556941 —0.25)

= = =224 kPa(C) Ans
Arg(r—R) 2.8125(1073)r (0.25)(0.0084430586)

No, because of localized stress concentration at the wall. Ans
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6-142. The member has an elliptical cross section. If the
allowable bending stress is oaow = 125 MPa, determine
the maximum moment M that can be applied to the
member.

a = 0.075 m; b =00375m

A = (0.075)(0.0375) = 0.0028257 m* B
I a_ Eﬂ(? Y 2—"-(60;0‘%15-)(0.175 - /0.175% = 0.075?) = 0.053049301 m
AT a 3

R= A _ 000281257 . ccs6941m

44 0.053049301

7 — R = 0.175 — 0.166556941 = 8.4430586(10"°) m

- M(R - 1)

Ar(r — R)

Assume tension failure.
125(106) - M(0.166556941 — 0.1)

0.00281257(0.1)(8.4430586)(107%)

M = 140kN.m (controls) Ans

Assume compression failure:
M(0.166556941 — 0.25)

0.00281257(0.25)(8.4430586)(1073)
M = 279kN-m

-125(10%) =

6-143. The bar has a thickness of 0.25 in. and is made
of a material having an allowable bending stress of
Talow = 18 ksi. Determine the maximum moment M that

can be applied.

4in.

From Fig. 6-48, K=145

Mc
Omax = K‘I_

_ 1.45(M)(0.5)
+(0.25)(1%)
M=517lb-in.=43.11b-ft  Ans

18(10%)
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*6—144. The bar has a thickness of 0.5 in. and is subjected
to a moment of 60 Ib - ft. Determine the maximum bending
stress in the bar.

4in.
r_03%_ 44
h 1

From Fig. 6-48, K = 1.45

60(12)(0.5)

Mc
Omax = K— = 145
e 1 [,—‘,~(o.5)(1)3

}J= 12.5ksi Ans

6-145. The bar is subjected to a moment of M = 40 N - m.

Determine the smallest radius r of the fillets so that an 80 mm ;
allowable bending stress of o, = 124 MPa is not 20 mm \ m .
exceeded. | r 4
M — M
; |
Allowable Bending Stress: T
Mc
Taltow = KT
40(0.01
124(10°) =K ,—-0—(—_)__.
1-(0.007)(0.02%)
K =145
Stress Concentration Factor: From the graph in the text
i w 80 r
with 7 = ) =4and K = 1.45, then A =0.25.
r
—=0.25
20
r =5.00 mm Ans
6-146. Thebarissubjectedtoamomentof M = 17.5 N-m.
If » = 5 mm, determine the maximum bending stress in the 80 mm
material. 20 mm 7mm |

¥
‘ r “4 f
M —% M
Stress Concentration Factor: From the graph in the text E II

with ¥ =8 4 and D=2 2025, then k=14,
k20 k20

Maximum Bending Stress:

Mc
Omax =K

max _l_

17.5(0.01)
= 145 ——————
1-(0.007)(0.02?)

54.4 MPa Ans
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6-147. The bar is subjected to a moment of M = 20 N - m.
Determine the maximum bending stress in the bar and
sketch, approximately, how the stress varies over the critical
section.

30 mm

M f% M
Stress Concentration Factor: From the graph in the text
ih ¥ =203 0 Z=23 2015, ten k=16
wi ',:—10— h—lo-—. » en = 1.0.
Maximum Bending Stress:
Me Z0N-m 284MP
Omax = K'I— C |
- L¢ __20(0005) 384 Mfa
7| £(0.005)(0.012)
=384 MPa Ans
*6-148. The allowable bending stress for the bar is
Taow = 175 MPa. Determine the maximum moment M 30 mm
that can be applied to the bar.
M 77% M
Stress Concentration Factor: From the graph in the text
i ¥ =23 and LoX2 o005, then k=16
w —_—_—= - =—=0.135, = 1.6.
T K10
Maximum Bending Stress:
Mc
Omax = Tallow = KT
M(0.
175(10°) = 1.6 T—-(-OLOS)__
L(0.005)(0.013)
M=911N-m Ans
6-149. Determine the maximum bending stress developed
in the bar if it is subjected to the couples shown. The bar has 3in. 4.5 in. 15 in.
a thickness of 0.25 in. \ l
\j 7
50 lb'ln~% o 1100 Ib-in.
For the larger section: i T .
r > & L os 0.3 in. 1125in.  601b-in.
Yo s L2 ooa
h 3 h

From Fig. 6-48, K = 1.755

Opax = KA_I_C = 1_755[.1_33%1_'&] = 749 psi (controls)  Ans JJ'L ﬂ" 15in.
TRy e O S
in. &) 100 i, >so Ibin.
For the smaller section: 03in. 1125 in,
w_Aas_y r_ M4
h 1.5 h 1.5

From Fig. 6-48, K = 1.15

Mc 60(0.75)

Opar = K— = LI5[-——————] = 736 psi
1 { £5(0.25)( 1.5)3] P
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6-150. Determine the length L of the center portion of
the bar so that the maximum bending stress at A, B, and C
is the same. The bar has a thickness of 10 mm.

350N

60 mm 40 mm
7 mm l 7 mm

‘c B

A
onomm#%#%#zoommA

omm 3507 .
v 90 ys T _ous T 40mn
" "o 5___\_’___&%
A 8 c 7
From Fig. 6-48, K=1.5 L il
?zaomm" A T %, T 200mm |
M 35)(0.02 5" 5"
(Cams = KA = 1 5[ ODOBD) ;g 6475 MPa
1 £(0.01)(0.04%) &Zjl’ M, =175¢02) =354 m
M,
(Opdmax = (Ohex = s
75(0.2 + $)(0.
19.6875(10%) = IT(“‘ZLO?B)
#(0.01)0.06%) IMg=175(024 )
L=095m =950mm  Ans 125M oma' L/,
6-151. If the radius of each notch on the plate is o
r = 10 mm, determine the largest moment M that can be
applied. The allowable bending stress for the material is 20 mm PR
O alow = 180 MPa. \'
F—125 mm —
= a
Stress Concentration Factor: From the graph in the text
b 20 r 10
with - =—=2 and — = — =0.08, then K=2.1.
r 10 h 125 165 -
Allowable Bending Stress: I
(US|
Mc
Omax = Oatiow =K T M
M(0.062
180( 10°) = 2.1 ‘__(O_gﬂ_
1(0.02)(0.125?)
M =4464N -m=446kN -m Ans
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*6-152. The stepped bar has a thickness of 15 mm.

Determine the maximum moment that can be applied to its 45 mm 20
o . . . mm
ends if it is made of a material having an allowable bending 3mm 10 mm
stress of oy10w = 200 MPa. 6 mm
M M

Stress Concentration Factor:

30 r 6
l—0—3 and ;—E—0.6.

we have K = 1.2 obtained from the graph in the text.

. w
For the smaller section with Y =

For the donwith =2 _15ad f=3 203
or the larger secuon wi! _—= =], -=—=(.3,
gers k30 T
we have K = 1.75 obtained from the graph in the ext.

Allowable Bending Stress:

For the smaller section

Mc

Omax = Oallow = K T
200( 10°) = 1.2 l_M.SOO.i_.
17(0.015)(0.013)

M =41.7N-m (Controls!) Ans

For the larger section

Oux = -k

max ~ Yallow T T .
200( 10°) = 1.75 'TM‘)'—
17(0.015)(0.03%)

M=25TN-m

6-153. The bar has a thickness of 0.5 in. and is made of
a material having an allowable bending stress of
& ow = 20 ksi. Determine the maximum moment M that
can be applied. M7

Stress Concentration Factor: From the graph in the text

with 2 =823 and 7223 2015, then k=16
B2 PR

Allowable Bending Stress:

Mc
Omax = Oallow = K T
M(1
0= 1 ML
L0552
M =4.167 kip-in=3471b-ft Ans
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6-154. The bar has a thickness of 0.5 in. and is subjected to
a moment of 600 Ib - ft. Determine the maximum bending
stress in the bar.

Mi
Stress Concentration Factor: From the graph in the text
w 6 r 03
ith —=-= -=—=0.15, K=1.6.
wuhh 23andh 2 0.15, then
Maximum Bending Stress:
Mc
Omax = K —,'
=16 600(12)(1)
15(0.5)(2%)
= 34.6 ksi Ans
6-155. The simply supported notched bar is subjected to
two forces P. Determine the largest magnitude of P that can p P
be applied without causing the material to yield. The l l 05in
material is A-36 steel. Each notch has a radius of y > y — P
r = 0.125 in. ¥ T i
1.25 in. 175 in.
on in. ! 20 in. ! 20 in. ! 20 in.a‘
b= 1.75-1.25 =025
2
é= 0.25 =2 r_ 0.125 = o1 p P p
r 0.125 h 1.25 J J
From Fig. 6-50, K = 1.92 — ) M=zop
I
or = KM 36= 199 200D ) n 2o
1 £(0.5)(1.25) — T e .
, .
P =122 Ans
*6-156. The simply supported notched bar is subjected to p
the two loads, each having a magnitude of P = 100 1b. r
Determine the maximum bending stress developed in the l l 0.5 in.
bar, and sketch the bending-stress distribution acting over Y - — T
the cross section at the center of the bar. Each notch has a T .
. . 1.25 in. 175 in.
radius of r = 0.125 in. ﬁ{
}——20 in. 20 in. ! 20 in. 20 in.a‘
b= 1.75-1.25 =025
2
f-."ff.:z; £=9-'—1-2—5=0.1 10016
r 0125 h 1.2
)Iﬂa fbin
From Fig.6-50, K = 1.92 o
Mc 2000(0.625) : 10016
=K— =19 ] =295ksi Ans .
Oms = K7 [,-‘f(o.sxl.zs)3 307 18
307 ks
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6-157. A rectangular A-36 steel bar has a width of 1 in.
and height of 3 in. Determine the moment applied about
the horizontal axis that will cause half the bar to yield.

Elastic —Plastic Moment: \/

M =36(0.75)(1)(2.25)+36(%)(0.75)(l)(1) 25 mm \
=74.25kip- in 150 mm > 25 mm
=6.19 kip- ft Ans 150 mm
25 mm 25 mm
075 7
J5in, Il c
S -
o75n. % G
: linlezsin.
o757 AN
- I A
o5 !
e I8 . A

6-158. 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:

M, =250(10°) (0.2)(0.025)(0.175)

25 mm
+ 250( 10°) (0.075)(0.05)(0.075) \\ o
- 150
=289062.5 N-m mm 150 mm
25 mm 25 mm

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

1
1=_113(0.2)(0.2’) —E(o.xs)(o.ls’) 0-025m

=91.14583(107°) m* 0-075m

M,c  289062.5(0.1) ,
S B bl ML ST R VRV ofsm
1 91.14583(10-5) N

[of

,

Residual Bending Stress: As shown on the diagram.

<
Ty = O = 0, = 0y 250 Mpa- 371MP | Gzimp

=317.14-250=67.1 MPa  Ans

250 VP,

327



© 2008 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

6-159. 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

- 15 mm
applied and then released. }
20 mm/(
200 mm
_1 3_ 1 3 _ 6\ 4 M,
L= 55(02)(0.23)" - (0.18)(02)" = 8278333(10°)m S
C; = T; = 6¥(0.2)(0.015) = 0.0030y /4{
C; = T; = 6y(0.1)(0.02) = 0.0020y 15 mm
200 mm

M, = 0.0036¢(0.215) +0.0020y(0.1) = 0.000845 oy /
= 0.000845(250)(10%) = 211.25 kN - m

250MPa U293 5MPa 4358
(<

o= Mo (211250000113 _ 95 5 \1p, — '
T 82.78333(109) A

’ =+ )=
y 0115 =i

—=— =0.09796 m = 98.0 p Tz M,
250 2935 Y mm =S SRS P <
t
Giop = Obouom = 293.5-250=43.5MPa  Ans B 0mn250 M,
*6-160. Determine the plastic section modulus and the
shape factor of the beam’s cross section.
T .
i*——-‘za' Z“EL‘—_ Foos ¢
| d ;
q 3
4 4
N A
2a
Ea [
|-—-.| a t [«
& -3 etd
1 |I5a
2a T
Maximum Elastic Moment: The centroid and the moment of Plastic Moment:
inertia about neutral axis must be determined first.
gdA =0, T-C,-C, =
__ZyA _0.5a(a)(2a) +2a(29)(a) _ 1254 jA G-G=0
YEIA T a(2a) + 2a(a) ’ oy (d)(a) - oy (2a-d) (a)
— 0y (a)(2a) =0
1 3 2 d=2a
Iy = ﬁ(2a>(a ) +2a(a)(1.25a-0.5a)
+ -ll—z(a) (2a)® +a(24) (2a-1.25a)* Mp = 0y (20)(a) (1.50) = 3.00a’ 0,
=3.08334" Shape Factor:
Applying the flexure formula with o= o, , we have M, 3.00a} o
k=—t=""_""_X =170 Ans
M, 17619%a,
Myc
Oy = —
1 Plastic Section Modulus:
ap, < Orl _ 0y (30833
"7 T (3a-125) M, 300d%a,
- 3 zZ=2L=—_"1 =300d’ Ans
1.7619a° oy i
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6-161. 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 = 50 mm and oy = 230 MPa.
O/ m

axt)
<
S
@
3

0-05m C
0 1-d_]

|

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

NSTEN
a
r
r—\

ZyA  0.025(0.05)(0.1) +0.1(0.1)(0.05) ~0.0625 m

YT T T 005(0.)+0.1(005)
! 3 2 = 0
Iya = E(0.1)(0,05 ) +0.1(0.05) (0.0625 - 0.025) 0-05m ~ ¢
! 3 2 Plastic Mome -“"? gor5m
—_ - nt: i
+ 12(0.05)(0.1 ) +0.05(0.1)(0.1-0.0625) oim i T
=19.2709(107°) m* , :
odA = 0; -C, -C, =
fA T-C,-C, =0

Oy () (0.05) - &, (0.1~ d) (0.05)

Applying the flexure formula with o = g, , we have
-0y (0.05)(0.1)=0

Myc d=0.100m
o=
M, = oyl _ 230(109)(19.2709) (10°%) M, =230( 10°) (0.100) (0.05) (0.075)
c (0.15-0.0625) = 86250 N m = 86.25 kN .m Ans
=506548 N-m=50.7kN-m  Ans
6-162. The rod has a circular cross section. If it is made of
an elastic plastic material, determine the shape factor and
the plastic section modulus Z.
Plastic moment:
2 2
nr nr
C=T=o0,(—) = —0,
y ( 3 ) 7% '/r

xr? _ 8r 4,3

= —0,(—) = —o0,
% =506 37
Elastic moment :

I= -ln'r‘
4
Lot 3
My = Ey_l = .__..__GY(‘”’ ) = .ﬂ_r_o'y
c r 4
Shape factor :
M, s,
k=239 _16_ 49 Ans
My x‘r oy y 2

Plastic section modulus :

M, i’—:‘O' 4r3
Zz—pzi_’l:__ A
Oy Oy 3 ns
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6-163. The rod has a circular cross section. If it is made of
an elastic plastic material, determine the maximum elastic
moment and plastic moment that can be applied to the
cross section. Take 7 = 3in., oy = 36 ksi.

Elastic moment :

ES
:l(
.'
!

c
3
- "(—:—)(36)= 763.4kip - in.
63.6 kip - ft Ans

Plastic moment :

4r
2 2 _ .
C=T=oy®l) = "4, 3T B

2 2 k‘ T
= = =d |
nr? E_r 4r 4 Zt_l_--.: T

= — = — = —(3
M, = 3 Gy(3") 3o 3(3 )(36)

= 1296 kip-in. = 108 kip- ft Ans

*6-164. Determine the plastic section modulus and the

shape factor of the cross section. \

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

1 1
Iva = —= (9 (30’ + = (20) (&) =2.41667a"
12 12
Applying the flexure formula with o = o, , we have
My c a - a
=T a

oyl oy (2416674
M, =L = Oy (241667a) 1.6111d’ oy
c 1.5a

4%&

Plastic Moment:

M, = oy (@) (a) (2a) + oy (0.5a) (3a) (0.50) —
=254’ 0y a 5 <
o.5a 1 - %
Pluastic Section Modulus: 0-5a F2==3 t‘w?; 2
~ T
Z= Iﬁ = 2—'% =2754° Ans
oy oy

3
k= — = e — =171 Ans
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6-165. 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. \/
1 1
ha=—=(2)(6’) += @ (2°) =38.667in*
12 12
Applying the flexure formula with ¢ = gy , we have a#a”

e

Myc
et
oyl 36(38.667
u, = 2l 3668667
c 3
=464 kip-in=38.7kip-ft  Ans
) 2in. ( 3 c,
Plastic Moment: . B
l’;%'—\ S m 4in
M, =36(2)(2)(4) +36(1)(6) (1) 4 L
=792 kip- in = 66.0 kip- ft Ans Zinl | - > 7,

6-166. The beam is made of an elastic perfectly plastic
material. Determine the plastic moment M, that can be

supported by a beam having the cross section shown.
gy = 30 ksi.

Plastic Moment:

T, = C, =30[n(22) -n(l’)]=90n kip

T, = C, =30(1)(5) = 150 kip

M, =90m (14) + 150(5)

= 4708.41 kip - in = 392 kip - ft Ans
T ———-
4 in. t__-_. <,
5n. G
—- | ———F=:227 |50 [ 14in
sin. L
ain| [T 7
- ...
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6-167. Determine the plastic moment M, that can be
supported by a beam having the cross section shown.
gy = 30 ksi.

I cdA =0 M,
GrG-Ti=0 - 10(in
w2 - 1)(30) + (10 - (1)(30) - d(1X30) = 0 | i
3x+10~-2d =0
d =97124in.< 10in. OK

M, = n (2 - 12)30)(2.2876) ¢ (B < 2"
+(0.2876)(1)(30)(0.1438) nd] | =<, y ~ 4
+(9.7124)(1)(30)(4.8562) ~— 01438 1in.
= 2063 kip- in. d L —T-a8562
= 172kip-ft  Ans

*6-168. Determine the plastic section modulus and the
shape factor for the member having the tubular cross section.

<)

4
Maximum Elastic Moment: The moment of inertia about ~ —F
neutral axis must be determined first. { 'j
| ‘osa
N - d)‘ 157 ,
ya==d -<|<=| =—d
M4 4(2 64
. o 054 1
Applying the flexure formula with & = oy , we have —3 e c
osd] L 28 4
_ Myc 0-5d 1" i
a osd] | | 7
M, = oyl _ oy (') 157,
reTo T d Y Y
Plastic Moment: Plastic Section Modulus:
d ( md?) _ (1) (14 M, ld'c, 7,
. ZvA ‘T(T)'zi(z ) 14 Z=—=5_"Y_-_ Ans
je—— = N o4 Oy oy 6
ZA ra? _ 7d° or
2 2
Shape Factor:
M. =g nd®  id* 28d— 7d3
T 2 )on" "8 M i g A
M, Drpg T ns
Y §34°Cy
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6-169. Determine the plastic section modulus and the
shape factor for the member.

Maximum Elastic Moment: Applying the flexure formula T 2y 2
with o= 6, , we have LEAN ” Az;h
Y 2 SA——
Myc 2 17 NENER)
=T °
A
(2-1)h
M _G'y’_ay(i%bhl) lbz 3
My = — = ———==—bh"oy
c th 24 - .
Plastic Moment: From the b= éb &
i : geomeuy b’ = p E"h' ¢
J‘ cdA=0. T-C=0 | Raa(esh )
i 2=z, [ [ 7]
o 'rl/db+b\l(h 1)-| zh T
YLZKh J e
M1 b\}d _
"‘7Y|L'2'(; i Plastic Section Modulus:
2
d=-—h 2-Y2, ., 1_.r R
2 z=ﬂ=6_bﬂ ="—Vzbh2=0.0976bh‘ Ans
Oy oy 6
V2 (V2 [ V2, (8-5/2
My =0y 5 Tb ShI eht . Shape Factor:
2-4/2
==Y pla 2420
6 Y k:%:.f_b;'.a_'—_-‘s(z_ﬁ):lm Ans
My  J;bhoy
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6-170. The member is made of elastic perfectly plastic
material for which oy = 230 MPa. Determine the maximum
elastic moment and the plastic moment that can be applied to
the cross section. Take b = 50 mm and A = 80 mm.

—1

P
)

b
e

Maximum Elastic Moment: Applying the flexure formula
with o= oy , we have

1 4
2 230(10%)[ 57 (0.05) (0.08%) ] 00B-d n

e 2(0.08) .
0-95m t

=3067N-m=3.07kN-m Ans

L

, . (0.05 g‘
Plastic Moment: From the geometry b’ = ((-)—(_)E)d =0.625d S 0:035355m
' £ 9 P X—r
[oaa=0. 71-C=0 a s 0016856 m
1 Q . _to-02386m
oy [5 (0.625d+0.05) (0.08 - d)] S~ ¢ \Toonoasm
1
- cy[-(0.625d)d] =0
L2 3 [
d=0.056569 m 3 i
£ 3 i
1 & § “ c
M, =230( 10°) [E(0.035355)(04056569)}(0.031242) 5‘ 0.031242m
Q -
N . T

=7186 N-m=7.19kN -m Ans
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6-171. The wide-flange member is made from an elastic-
plastic material. Determine the shape factor and the plastic
section modulus Z.

Plastic analysis:
h-2t
T, = C, = oybt; L = G = oy( 14
h—2t h-2t
M, = oybi(h~1) + oy( 2 )(‘)('—2—)
= oylbih—1) + i(h-—2 2]
Elastic analysis:
1 3 1 3
I = —bh — —(b-1)(h-28
12 12( N )
1 3 3
= —[bh” - (b—t)(h-21
lz[ (b-1)( )1
My = & - oy(3)[bk® - (b-1)(h-20°]
c 3
bk® — (b-1(h-21)3
= O'y
6h
Shape factor:
kM _ [bith—1) + $(h-20*]0y
My bh3 - (bs—;)(l--zo’o.y
- - 2
- gﬁ 4bsh—1) + t(h—21) Ans
2 bh*— (b-1(h-21)}
Plastic section modulus:
s M _ oylbh—1) + 5(h-21)?)
Oy Oy
= bth-1) + i(h—zz)2 Ans

G2
| ___4|h-2t

! Z

T Ta
- —=d
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#6-172. The beam is made of an elastic-plastic material
for which oy = 200 MPa. If the largest moment in the P P
beam occurs within the center section a—a, determine the l “ l
magnitude of each force P that causes this moment to be
(a) the largest elastic moment and (b) the largest plastic |
©

moment.

‘
M=2P (¢)) Pz;n «—2m—~—2m 2m4

a) Elastic moment:

=1 N P
1 =50.(02°) = 66.667(10°) m DIZOOmm
Myc P a p ‘.I F
o, = — 100 mm
21 10°)(66 ¢ £ L l
66.667)(10°
M, = 200010°)(66.667)(10°) = - ?
0.1 1 { O N
= 133.33kN-m T em l2ml 2m1 2m |
From Eq. (1) P P
13333 =2P
P = 66.7kN Ans P
b) Plastic moment: I )
bhk? ‘ M
M, = —o0
P 4;:*
0.1(0.2?
= __(__)(200)(105)
—-— o b
= 200kNm Bl
From Eq. (1) = |\
=
200 = 2P f—T-L oy bh
P = 100kN  Ans - ¢
6-173. The beam is made of phenolic, a structural w
plastic, that has the stress—strain curve shown. If a portion l l l l l l l l l l l l lSﬁ_ﬂm
of the curve can be represented by the equation
o = (5(10°¢€)Y? MPa, determine the magnitude w of the /‘“l DIlSO mm
distributed load that can be applied to the beam without === ‘
causing the maximum strain in its fibers at the critical 2m 7‘_ 2m -
section to exceed €,, = 0.005 mm/mm.
-0 (MPs)
PO et
:4"/—”
o
,,f‘ a*=5(10%¢
I/)
Resultant Internal Forces: The resultant internal forces T and h «(mavmm)

C can be evaluated from the volume of the stress block which
is a paraboloid. When € = 0.005 mm/mm, then

o = v/5(10%)(0.005) = 158.11 MPa

,
T=C=5[158‘11(106)(0.075)](0.150):1,1859MN | /m ; /m d

d= 2{%(0,075) ]: 0.090 m

Maximum Internal Moment: The maximum internai moment
M = 2w occurs at the overhang support as shown on FBD.

Mmu = Td
2w = 1.1859( 10°) (0.090)
w =53363 N/m = 53.4kN/m Ans
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6-174. The box beam is made from an elastic plastic
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

moment.
wo
/%r Y VY VY VY ¥ N\N
i |
_ &
‘ 9 ft 9ft -
8in
12 inIDij6 in.
61in
< W, (/
Elastic analysis: a8

=_l_ 3 _l 3 = . 4
1 12(8)(16) 12(6)(12) 1866.67 in

Mo = 200 27mp(12) = 2SS
c

wo = 18.0kip/ft  Ans

Plastic analysis:
G =T = 25(8)(2) = 400 kip

G =T = 25(6)(2) = 300 kip

M, = 400(14) + 300(6) = 7400 kip - in.

27wp(12) = 7400

wo = 22.8kip/ft Anms
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6-175. The beam is made of a polyester that has the
stress—strain curve shown. If the curve can be represented by

[—

the equation o = [20 tan 1(15¢)] ksi, where tan 1(15¢) is in ilL
radians, determine the magnitude of the force P that can be '
applied to the beam without causing the maximum strain in /°\ D 14 mn.
its fibers at the critical section to exceed €,,,, = 0.003 in./in. = ‘
- 81t ‘ 81t o
+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.

Stress - Strain Relationship: Using the stress — strain
relationship, the bending stress can be expressed in terms of y

using £ = 0.0015y. s-__—_——__‘IJM =4.0P
Max
m—

o=20tn"' (15¢) [ 8x
=20 tan"' [15(0.0015y)] .Zf;
=201tan"' (0.0225y)
y Ui
When €, =0.003 in./in., y = 2 in. and 0,,,, = 0.8994 ksi -0003 | 000153 ~084 ]| &
Resultant Internal Moment: The resultant internal moment M Y
. ) € Ginfin) Tk
can be evaluated from the integal j yodA.
A
M= 2] yOdA 0003 0-8994
A
210
=2 y[20un™ (0.0225y) ] (2dy)
Yo
=802y an™' (0.0225y) dy
1+(0.0225)%% y Zia.
———"7 an"'(0.0225y) - ———e
[ 2(0.0225)2 00225 - 360229 |l
=4.798 kip - in
Equating M =4.00P(12) = 4.798
P =0.100 kip = 100 Ib Ans
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*6-176. 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
e(in. /in.
0.01 0.04 (in. fin.)
a) Maximum Elastic Moment : Since the stress is linearly
related to strain up to point A. The flexure formula can be
applied. ¢ 4
Mc —004 | - 180
Ty = —
1 0375n. 03]5/n
o,l =0.01- -
=+ d elnfin) A2 T ksy
N\
_140[ @ (Y] ool 140
N 1.5 0-04
=420kip-in=35.0kip-ft  Ans 160

b) The Ultimate Moment : - 7
1-125in <
oy e 2
Isin. — Sin|l926875n.
C, =T, = =(140+ 180)(1.125)(2) = 360 kip opin_ f:_’:IEmwm
mn

N 1
| = -
2 \
1 125, T
C.=T, = 5( 140)(0.375)(2) = 52.5 kip L__3
M =360(1.921875) +52.5(0.5)
=718.125 kip - in = 59.8 kip - ft Ans o F(EE)h
h )
Note : The centroid of a trapezodial area was used in calculation
of moment . b
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6-177. 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 M
and compressive strain of e = 0.02 mm/mm, determine the +o(Pa)

maximum moment M.

M
o = 10(10%)€!/4 100 mm \L

€ (mm,/mm)

Emax =0.02

o = 10(10°)(0.02)""* =3.761 MPa

—
£=04y 0.05m

o = 10(10°)(0.4)' /4y

o=17.9527(10%y""*
éﬂﬂl: 0.0%

M= jA yodA =2 I:'” $7.9527)(10%)y'(0.03)dy YU /.

o.oﬁfr '_‘I_#'

M= 0.47716(10°)f:'°’ Y4 dy = 0.47716(10°)( g)(o.osf"

M=9.03kN-m Ans

6-178. 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 7o) I

the same for both tension and compression, determine the \[\
moment the bar will support if the maximum strain at the 60 | —

top and bottom fibers of the beam is €,,,, = 0.03.

3in,
€(in./in.) m%

0.006  0.025 0.05
c-8 _ _20-8 . ,_ gk
003 - 0025  0.05 - 0.025
G =T = %(0.3333)(80 + 82)(3) = 81kip
G =1 = %(1.2666)(60+ 80)(3) = 266 kip g —k
” 1 Ce
y20é Q LR G
G =T = 204)(60)(3) =3 growe 3 “;;\I: LS
y = B = ~(0.4)(60)(3) =36 kip ceoozs =,
2 N €..,7003 / T
/. : 67 .11 e s
M =81(3.6680) + 266(2.1270) + 36(0.5333) Jeil 6oASi
= 882.09kip - in. = 73.5kip - ft Ans

Note: The centroid of a trapezodial area was used in calculation of moment areas.
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6-179. The bar is made of an aluminum alloy having a

stress—strain diagram that can be approximated by the igg(km)

straight line segments shown. Assuming that this diagram is 0

the same for both tension and compression, determine the

moment the bar will support if the maximum strain at the 60 |—

top and bottom fibers of the beam is €, = 0.05. T M |

s
3in,
€(in./in.) \“
60 0.006  0.025 0.05
0 = ——e = 10(10°)e
0.006

o, — 60 _ 80 - 60

€£-0006 0.025 - 0.006

0, = 1052.63¢ + 53.684

o ~80 _ -8 . 5 - 4006 + 70

e - 0025 0.05 - 0.025

= 9955y = 0025y
2

Substitute £ into & expression :

6, =250y 0 <y< 024in

0y = 26315y + 53.684 024 < y < lin.

oy = 10y + 70 lin.< y £ 2in.

dM = yo dA = yo(3 dy)

M= 2[3](:""250y2 dy + 3['2 (263155 + 53.684y) dy + 3 [:(my’ + 70y) dy)

0.24
= 980.588 kip-in. = 81.7kip-ft  Ans

Also, the solution can be obtained from stress blocks as in Prob . 6-178.
*6-180. 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 o
moment M that can be supported by the beam so that the h
compressive material at the outer edge starts to yield. M /L 7Y

€
—op

J'A 0dA=0;, C-T=0

1
59 (D(@) =0y (h ~d)a =0

d ‘zh
T3
1 2 11 llah®
M = -0 —h) (_ ==
2 y(3 @ 5" 53 %Y Ans

[a)

sk
el

~
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6-181. The plexiglass bar has a stress—strain curve that
can be approximated by the straight-line segments shown.
Determine the largest moment M that can be applied to the
bar before it fails.

20\m1\m | o (MPa)
M \L/ 1
L 60+ failure
20 mnl‘ 201
tension
—0.06 —0.04 1
. . f f f € (mm/mm)
1 002 004
compression )
+-80
+—100
Ultimate Moment :
[ eaa=0; c-{-1,=0
A
(0,02 (0 02)} -40(10°%) [1(5)(0 02)]
d{i( : : 22 ¢
1 d
—5(60+40)( 105)[(0.02)5]=0 0-02-d
gl
o =500 d-3500(10°)d = 0 ol 2 002
Assume. 0 = 74.833 MPa: d=0.010334 m 0.04
From the strain diagram, e e - ,'7
o-a-d 13 c
0.04 40 — ]
£ = € = 0.037417 mm/mm %, N
0.02-0.010334 ~ 0.010334 b wnwryre AP
Z 0 >
From the stress — strain diagram, =t * 0o Mpa. 7
o 80
—_— = —— o =74.833 MPa (OK! Close to assumed value) 2
0037417 0.04 1 = 5(0.02-0.010334) =0.0064442 m
Therefore, .
crefore y, = %(&?ﬁ) =0.0034445 m
NE = 0.010334 1(2(40) +60 ]70.010334
C =74.833(10 )[5(0.02-0.010334)(0.02)] =723359N ye= +[ - 3( (40160 )]( : )= 0,0079225 m

1 s 0.010334
T, = =(60+40) ( 10 )[(o.oz)(-———)] =5166.85 N

2 . 0.010334 2 M = 7233.59(0.0064442) +2066.74(0.0034445) + 5166.85(0.0079225)
7, =40( 10°) [5(0.02)(—'-—2——)] =2066.74 N =947N-m  Ans
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6-182. 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

~

1
b = E(0.29)(0.015’) +0.29(0.015) (0.044933 - 0.0075)*

1
+75(004) (0.125%) +0.04(0.125) (0.0775 - 0.044933)?
=17.99037( 10°%) m*

. . M
Bending Stress: Applying the flexure formula o = -Tv

g JA:E-IZEM

_ 650(0.044933 - 0.015) troozm  —pooim

c - =
¢ 17.99037(10-¢) 1.0815 MPa

_ 650(0.044933)

Oy ==,
4 = 17.99037(10%) - 16234 MPa

Resultant Force:

1 MP.
R = 510815 +1.6234) (10°) (0.015)(0.29) 1BIHMR 16254 MPx

=5883 N =5288kN Ans

6-183. 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

y=

1 :
by = 55(029) (0.015%) +0.29(0.015)(0.044933 - 0.0075)°

+ l_‘z(om) (0.125%) +0.04(0.125) (0.0775 - 0.044933)°

]
v NQI- -

M)
MaximumBending Stress: Applying the flexure formula o = ‘T

=17.99037(107%) m*

650(0.14 - 0.044933)
2 900 18- 00 _343MPa (T A
(Oman)t = —17755037(10-) a (M ns

650(0.044933
(a.m)(=-5—(——-——)= 1.62 MPa (C) Ans
17.99037(10-%)
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*6-184. 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.

2 kip /ft 8 kip
50 kip-ft
A A B ¥ P l
g . K
XJ 166 FPIC it so%p 9t |85
6 ft Aft (t LTI
| 4
20—
k| 6 7 T 4 ,
2kipin e V(Kip)
N0 kip 29

o b I ]

]

61 ! an

+TZF =0, 20-2x-V=0
V=20-2x Ans

Gz My, =0; 20x—166—2x(§)—M=0 ( LF:LJ{, Y
X

. X
<0 kp' - >
M=-x*+20x—166  Ans rz 2z

6-185. Draw the shear and moment diagrams for the
beam. Hint: The 20-kip load must be replaced by equivalent
loadings at point C on the axis of the beam.

15 kip

Al f

e an 41— 41t

15 kip
20kipft zoki
N | F
[ I
| bl
4fe 1 aft | 4t )
1167 ip 333 kip

200 K‘?

Mkp-fo
ViKip)

7

s
Q-

=333
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6-186. Determine the plastic section modulus and the
shape factor for the wide-flange beam.

~
]

1 3 1 3
—(0.18)(0.22°) — —(0.15)(0.18
12( ) ) 12( ) )

86.82(10°) m*

1]

Plastic moment :
M, = 0y(0.18)(0.02)(0.2) + 0y(0.09)(0.03)(0.09)
0.963(107) oy

Plastic section modulus :
M, _ 0963(107)ay

Z =

Oy Oy

= 0.963(107°) m’ Ans
Shape factor :
~6
My = oyl _ 0v(86.82)(107) _ 0.789273(10°%) oy
c 0.11
M, 0.963(1073) oy

My  0.789273(10) 0y

6-187. Draw the shear and moment diagrams for the shaft 300N
if it is subjected to the vertical loadings of the belt, gear, and
flywheel. The bearings at A and B exert only vertical 450N

reactions on the shaft.

l450" ]300"‘

H
=0
5 LEJ
| T8
l | 2oomm 00 mm | 300mm faomm 150 150 N
(<661 83337
l v
150
! 7 [
e
-233
M(N-m)
433
+ + t x
30

345
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*6-188. The beam is constructed from four pieces of wood, »
glued together as shown. If the internal bending moment is 1in.
M = 80 kip - ft, determine the maximum bending stress in \ \ fi -

the beam. Sketch a three-dimensional view of the stress
distribution acting over the cross section.

V)
A

M = 80 kip-ft

/,:’
/

VW
1IN

v/

n
5
/

N
5
3\
[
5

Section Property :
1 3 1 3 4
=—(12)(12°) - —(10) (10°) = 894.67 in
12 12
MaximumBending Stress : Applying the flexure formula

Opax = —— = ————— =6.44 ksi Ans

644 ks

6-189. The beam is constructed from four pieces of wood,
glued together as shown. If the internal bending moment is
M = 80 kip - ft, determine the resultant force the bending
moment exerts on the top and bottom boards of the beam.

M = 80 kip-ft

Section Property:
_ 1 3 1 3 . 4
=502 (12 )—E(IO)(IO ) =894.67 in

MaximumBending Stress: Applying the flexure formula

P Mc _80(12)(6) = 6.438 ksi
max I - 894.67 =0. S1

Resultant Force:

Fo (6.438 +5.365

3 )(12)(I)=70.8 kip Ans
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6-190. For the section, I, = 114(107°) m*, 31.7(107%) m*,
I, = 15.1(10 ®) m*. Using the techniques outlined in
Appendix A, the member’s cross-sectional area has
principal moments of inertia of [, = 29(107%) m* and
I, =117(10"®) m* computed about the principal axes of
inertia y’ and z’, respectively. If the section is subjected to a
moment of M = 2 kN - m directed as shown, determine the
stress produced at point A, (a) using Eq. 6-11 and (b) using
the equation developed in Prob. 6-111.

a)
Internal Moment Components:

M. =2000 cos 10.10° = 1969.0 N-m
M,. =2000 sin 10.10°=350.73N-m

Section Property:

¥y =0.14 cos 10.10°+0.06 sin 10.10° = 0.14835 m
27 =10.06 cos 10.10°-0.14 sin 10.10° =0.034519 m

Bending Stress: Applying the flexure formula for biaxial ,
bending z z
M.y M. ’
L e i 1040
LT
o = 1969.0(0.14835) 350.73(0.034519)
4T 117(10-6) 29.0(10-6)
=-2.08 MPa = 2.08 MPa (C) Ans 0-06
b)

Internal Moment Components:

M. =200N-m M =0

y

Bending Stress: Using formula developed in Prob. 6- 111

o= -(M, ], +M,Iyz)yw-(Myl: +ML )z
LEL =T
_ —[2000(31.7) (1075) + 0](0.14) + [0+ 2000( 15.1)(1076)](0.06)
31.7(10-6)(114)(10-6) = [15.1(10-6)]2

=-2.08 MPa = 2.08 MPa (C) Ans
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6-191. 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, =-Mcos 6 M, =-Msin 6 ¥
Section Property:
2 9|
by
L=1= ¢ &/«\
Il
. : : . Y
Maximum Bending Stress: By Inspection, Maximum
bending stress occurs at A and B. Applying the flexure formula A
for biaxial bending at point A
O
¢ 1] Mz
My Mz s D
= 4 J
Ll .
-Mcos6(5) -Msin6(-%) N ¢
=T I + 14 Orientation of Neutral Axis:
2 2
= 6M( 6 + sin 6 A I,
_a—Jcos sin 6) ns @na=Zuan 6 z T
I)'
tan & = (1) tan(- 45°)
A
do 6M
— =—(-smf +cosh) =0 o =—-45° Ans
PR s 6)

cos @ —sin 6 =0

6 =45° Ans
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