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11-1. The simply supported beam is made of timber that 8 kN/m
has an allowable bending stress of o ,jow = 6.5 MPa and an l

allowable shear stress of 7,,w = 500 kPa. Determine its
dimensions if it is to be rectangular and have a height-to-
width ratio of 1.25.

L= Ela(b)u.zsb):‘ =0.162765" 2m 4m -~ 2m
- A = - 3
Ouax = YA = (0.31255)(0.625b)(b) = 0.1953125b S
Assume bending moment controls:
Mpay =16kN-m
Mpaxc } 1 +
Dallow = =~ ’rzm +m L 2m ‘[
I , 3z kN 32 kN
65109 = 16(10%)(0.625b) Y(kn)
0.16276b* % 16
b=021143m=211mm  Ans "“'<‘ ?i -
h = 1.25b = 264mm Ans -6 -6
Check shear: M (im)
Ouax = 1.846159(107%) m®
7=0.325248(10"")m* _W%
x} -3
_ VOuux _ 1600°)1846159)10) _ o0 i0 _ sookPa  OK

Tmax

It 0.325248(107)(0.21143) /6 -/

11-2. The joists of a floor in a warehouse are to be
selected using square timber beams made of oak. If each
beam is to be designed to carry 90 Ib/ft over a simply
supported span of 25 ft, determine the dimension a of
its square cross section to the nearest % in. The allowable
bending stress is oo = 4.5 ksi and the allowable shear

Stress is T,ow = 125 psi.

Bending Stress: From the moment diagram. M_,, =7031.251b- fu
Assume bending controls the design. Applying the tlexure formula.

G = Msic G0(25) 2250 1b
allow 7
7031.25(12)( 5 f 3
4A5( l()l) = —__1—4—)(_.) i J !
= 1 | ‘l‘]
=4.827 in.
a o Ans 1z25f T 25k |
Use a=5 in Ans l12516 12516
Shear Stress: Provide a shear stress check using the shear formula
. 1 < .
with /= — (5") =52.083in* and Q,,,, = 1.25(2.5)(5) = 15.625 in>. VUb)
From the shear diagram, V., =11251b. M4t
11’5
Vinax Omax
Tmax = _ﬂﬁ;["‘_ 25 7?3/25
_ 1125(15.625) o 123 X6t
52.083(5) f XU
= 67.5psi < T,y50 = 125 psi (0. K 1) s ° 25 ’ )
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11-3. The timber beam is to be loaded as shown. If the
ends support only vertical forces, determine the greatest
magnitude of P that can be applied. ou0w = 25 MPa,
Tallow = 700 kPa. P

N 40 mm
_ (0.015)(0.150)(0.03) + (0.09)(0.04)(0.120) =0.05371 m

Y (0.150)(0.03) + (0.04)(0.120)
I= 715(0' 150)(0.03)° + (0.15)(0.03)(0.05371 - 0.015) + llz(o,o«t)(o. 120> + Maximum shear at end of beam:
(0.04(0.120)(0.09-0.05371) = 19.162(10"°) m* “ P
ax = '2'

Maximum moment at center of beam:

1 -— —
Ve 700(10,)=P[f(0.15 0.05371) (0.04) (0.15—-0.05371) |

Mo = -;:(4) =2P It 19.162(106)(0.04)
s Mo ysiiqf - GPNOI5-0053T]) P=379KN
== e v
I 19.162(107%) Thus,
P=248IN P=249kN  Ans

*11-4. Select the lightest-weight steel wide-flange beam 5 kip 5 kip 5 kip 5 kip
from Appendix B that will safely support the machine
loading shown. The allowable bending stress iS o ujow =
24 ksi and the allowable shear stress is T,qq, = 14 ksi. {V ( VY [ VY [ ) \J

e

=
szt 21t 21t 21t 2ft4

Sk? 541}’ 55? 5/0/9

1

Bending Stress: From the moment diagram, M., = 30.0 kip - ft. i) 7 7 T ]
Assume bending controls the design. Applying the flexure formula. g venl e T 2R 2z
0.0 kip 10-0 ki
M V(KP)
Sreq'd =
Oaltow
30.0(12)
= 2; =150in’ 100
590
3 [ 8 10
Select WI2x16 (S, =17.1in". d=1199in.. r, =0.220in.) 5 T T — X
v -5.00
Shear Stress: Provide a shear stress check using 7= T for the ~/0-0
[
W12 x 16 wide - flange section. From the shear diagram. V. = 10.0 kip
M (Kip-ft)
T = Vm.u
™ond 300 300
=100 204 200
0.220(11.99)
=3.79ksi < 7, = 14ksi (0.K /) - PSP S e ade 20
Hence, Use WI2x16 Ans
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11-5. The simply supported beam is made of timber that
has an allowable bending stress of o0 = 960 psi and an
allowable shear stress of T,w = 75 psi. Determine its
dimensions if it is to be rectangular and have a height-to-
width ratio of 1.25.

= Tli(t:)(l.zsb)3 =0.16276b*

1 _0.16276b°

qa === =0.260425°
¢ 0625

Sre

Assume bending moment controls:

Miax = 60Kip - ft
M,

Ma X

Cailow =
req'd

60 = 60(10°)(12)
0.26042 »°

b=142in,

Check shear:
LSV 1.5(15)10%

v __1304A0D)  _gg9 s > 75 psi
A (142)(1.25X142) ps P

Tmax =

Shear controls:
= 15V L5(15)(10°)
oW T T T T (B)(1.25h)

b=15.5in. Ans

5 kip /ft

\
N 6 ft ‘

- ]

*
15 5P

~--=¥=0
-

é /
/5‘7;"

=

A 4/ 5’
iskip

Vikip)
5

—

I1SKip

| Y M0 kSt

M(KiPft)

11-6. The wooden beam has a rectangular cross section
and is used to support a load of 1200 Ib. If the allowable
bending stress is o,ow = 2 ksi and the allowable shear
Stress is Tyw = 750 psi, determine the height 4 of the cross
section to the nearest% in. if it is to be rectangular and have
a width of b = 3 in. Assume the supports at A and B only
exert vertical reactions on the beam.

Bending Stress: From the moment diagram, M., = 2.88 kip - ft.
Assume bending conwols the design. Applying the flexure formula.

M€

I
2_2.38“2)(;1)

NE

O,

altow =

|
1

\ V)
‘ 41t 6 ft
 /

1200 1b

h=5879 .

]

Use h=6in. Ans

o0 kip

Shear Stress: Provide a shear stress check using the shear formula
with [ = 1-‘2(3)(6’) =540in*and Q,,, = 1.5(3)(3) = 13.5in’.

From the shear diagram, V,,. = 0.720 kip. 0720

41t

v(kip)

v
12 Kp

1724

0-480 k/’f’
MCkip-ft)

max

T - Vinax Ormas

288

max " It
_0.720(13.5)

54.0(3)
=0.060Ksi < 7,100 = 0.750 ksi (0. K1)

X
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11-7. Solve Prob. 11-6 if the cross section has an unknown | | I "

width but is to be square,ie., h = b. A T IB H
| \S
I

Bending Stress: From the moment diagram. M., = 2.88 kip - fL 41t 6 ft l
Assume bending controls the design. Applying the flexure formula, Y
1200 Ib
MIT\LIX <
Oaitow
1
, 288 (%)
= v
h=4.698 in
[ _]
U h= 43 i -
se =47 in. Ans [ +12 éf¢
oRokp Kp 0-480 kip
Shear Stress: Provide a shear stress check using the shear formula (ki ft)
, 1 A Ckip) MKip:
with [ = l—7-(4.75‘) =42.42in and Q= 1.1875(2.375)(4.75) veee
=13.40in’. From the shear diagram, Viax = 0.720 kip. o720 2%
o
Vmax : x
£ o max¥mac ) p o f }
e = oS I p
_0.720(13.40) -0-480
42.42(4.75)
=0.0479%si < 1,5, =0.750 ksi (0. K !)
*11-8. The simply supported beam is composed of two w

W12 X 22 sections built up as shown. Determine the
maximum uniform loading w the beam will support if
the allowable bending stress iS ojow = 22 ksi and the
allowable shear stress is 7 0w = 14 Ksi.

24 ft
Section properties: For W12 x 22 (4 = 12.31in. L=156in' &, = 0260in. A = 648in®)
240
1= 2156+ am%‘—’l)’] = 802.98in* RS DA
e |
re /¢ EYZ
s=1= %0_}.:78 = 65.23in” 2w P
c .. V5
Maximum Loading: Assume moment controls. 2w
M = CupowS \ - %
(72w)(12) = 22(65.23) \]/zul
M (Kip-f2) 722w
w = 1.66kip / ft Ans
Check Shear: (Neglect area of flanges.) t —x

o Yo _ _ 12(166)

= 00 = 310 ksi < faow = l4ksi OK
A, 2(12.31)(0.26)

Tz
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11-9. The simply supported beam is composed of two
W12 X 22 sections built up as shown. Determine if the beam
will safely support a loading of w = 2 kip/ft. The allowable
bending stress is o,w = 22 ksi and the allowable shear
stress iS T,y0w = 14 ksi.

Section properties:

ForWi2x22 (d = 1231in. I = 156in* ¢, = 0.260in.

I'= 2[156 + 6.48(6.155%)] = 802.98 in*

A = 648in%)

24 ft

acse)r etz

Y{kip)

I 80298
§=>= - = 65230 2
e = o3 - B ¢ \
. x
Bending stress: F\I
Maliow 144 {12) -~z
Opax = ~——— =“‘——=26.5k8i>0'",.,=22k8i )
s 65.2 . e
3 M kip-ft2 144
No, the beam fails due to bending stress criteria Ans
Check shear: (Neglect area of flanges.)
Yor 24 !
Traz & ~—— & e = 3, 2 = .
max A 2(’231)(0.26) 3.75ksi < Tallow 14ksi OK i LI 2
11-10. Select the lightest-weight steel wide-flange beam w p
from Appendix B that will safely support the loading l
shown, where w = 6 kip/ft and P = 5 kip. The allowable Y YV VVYVYVVY
bending stress is o,p0w = 24 ksi, and the allowable shear Q
Stress is 7,0 = 14 ksi. ==
} 8 ft - 6t |
6(8)=48-0kip Skip
R
i 4 L
g J
! A
Bending Stress: From the moment diagram, M, ., =34.17 kip- ft 47t | 4f¢ éft L
Assume bending controls the design. Applying the flexure formula, 2025 fip 3275 £ip
M
Sr:q'd = O otlow V(fip)
34.17(12) 5
== =17.09in 225
5.00
3 . PSSR 5 F—x Gt
Select  Wi2x16 (S, =17.1in". d=1199in, 1, =0.220in.) 2573 pA
. . . 2775
Shear Stress: Provide a shear stress check using T = — for the
W12 x 16 wide - flange section. From the shear diagram, V. = 27.75 kip
Mp-ft )
v,
T = ma 3417
max fwd
27.75
T 0.220(11.99) ; i 1 xX{t)
=10.52ks1 < T,,, = 14 ksi (0.K 1) ° 335 \/
Hence, Use WI2x16 Ans

-300
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11-11. Select the lightest-weight steel wide-flange beam w P
having the shortest height from Appendix B that will safely i
support the loading shown, where w = 0 and P = 10 kip. l l l l l l l l l l
The allowable bending stress iS o,ow = 24 ksi, and the : |
allowable shear stress is 7,y = 14 ksi. 2 ‘
| 8 ft : 6 ft |
/0 kip
Bending Stress: From the moment diagram. M, =60.0kip- L l
Assume bending controls the design. Applying the flexure formula. [ ]
M J
Sm“ = Mmax J 8F¢ éff "]
Fatios 750 kip 175 Kip

_60.0012)

S

=30.0w’

Y(kip)
Three choices of wide flange section having the weight 26 1b/ft can be
made. They are W12 x 26, W14 x 26. and W16 x 26. However. the 10-0
shorwest s the W12x 26.

: XUt -
Select  WI2x26 (S, =33.4in". d=12.22in.. o, =0.230in.) ° 4 PRl
-750
v
Shear Stress: Provide a shear stress check using = ") for the
W12 x 26 wide - flange secuon. From the shear diagram. V,_,, = 10.0 kip.
o Yo kipfe)
max twd
100
7 0.230(12.22) qr 4 g
=3.56 ksi < 1,,,, = 14 ksi (0.K ) e
Hence. Use WI2x26 Ans -60-0
11-12. Determine the minimum width of the beam to P
the nearest %in. that will safely support the loading of
P = §kip. The allowable bending stress is o,ow = 24 ksi v 6 ft —‘r 6 ft 7‘
and the allowable shear stress is 7,5 = 15 ksi. 6 inI| =1 B
61 J é ft (
1 1
B 4
16 &? 1
80 kip B0 kip
Beam design: Assume moment controls.
Mc 48.0(12)(3)
0, = — 24= ————— .
allow 7 11_2(b)(63) vikip> oo
b= 4in Ans ! x
- 80
Check shear:
fan = 2 = w = 05ksi < 15ksi OK M Ceip- O
It $(4(6)*(4)
1l Ll x
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11-13. Select the lightest-weight steel wide-flange beam 15 kip
from Appendix B that will safely support the loading

shown. The allowable bending stress is o,y = 24 ksi and l
the allowable shear stress is 7,50 = 14 ksi.

5 kip /ft

fmm
A

J

6 ft [ 9 ft !

Bending Stress: From the moment diagram, M., =90.0 kip- ft
Assume bending conirols the design. Applying the flexure formula.

15 kip +(5X9)22¢:5 kip
i .

= = i3 » il
== =45.0in R R ok

400kip 50 Kip

Select WI6x3l (S, =47.2in°. 4=15.88in., 1, =0.275in.)

Shear Stress: Provide a shear stress check using t=

Vd for the VCkip)

L, .
W16 x 31 wide flange section. From the shear diagram. V,,, = 25.0 kip. 25 M (Kip-ft>
0

T - Vmu
" t,d ° 6 73
_ 250 250 ; x{dt)
"~ 0.275(15.88) s

=5.72ksi < Ty = 14ksi (0.K )

5

~/50 —90.0
Hence, Use WI16x3l Ans

11-14. Select the lightest-weight steel structural wide- 8 kip/ft
flange beam with the shortest depth from Appendix B that
will safely support the loading shown. The allowable
bending stress is o,w = 24 ksi and the allowable shear
Stress is T,pow = 14 ksi.

|
- 6 ft l

Bending Stress: From the moment diagram. M, =48.0kip- ft N
Assume bending controls the design. Applying the flexure formula. Z (8)(6)=24-0 Kip

it
&a
(5] k=i
[
>/
I
»o
&
o
—_—
N
»
Y
N

Two choices of wide flange secuon having the weight 22 1b/ft can be
made. They are a W12x22 and W14 x 22 . However, the W12x22 V(KJP)
is the shortest

Select W12x22 (S, =25.4in’. d=12.31in., 1, =0.260in.)
+— X ()

v
Shear Stress: Provide a shear stress check using 7= " for the

w

W12 x 22 wide - flange section. From the shear diagram. V.. = 24.0 kip.

M Kp-ft)
— Vmu

rmu = de
24.0

T 0.260(12.31) > —X ()
=7.50ksi < Ty, = 14ksi (0.K ) é

How

Hence, Use WI2x22 Ans ~480
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11-15. Select the shortest and lightest-weight steel wide- 10 kip .
flange beam from Appendix B that will safely support the 4 kip 6 kip
loading shown. The allowable bending stress is 0w = 22 ksi ¢ l l
and the allowable shear stress is 7,0 = 12 ksi. T r r

4Kip 0Kp  bKipP

i i

L | ] I
[T47¢ | 27t | 470 1 <4/t |

Beam design: Assume bending moment controls. 750 ;¢ 105 £p
Seeqa = Muwx _ 600012) _ o) 23 i3
Callow 22
Vikip?
Select a W12x26
950 | 50
S =334, d = 1222in, 5, = 0.230in. f L____JLJ x
-4.50
~r8.5
Check shear:
Tavg = = 0 374 ksi < 12ksi Mkip-4t)
Ayer (12.22)(0.230) boo
280 ‘2.0
Use W12 x 26 Ans + 4 } —
*11-16. The beam is made of a ceramic material having an 151b
allowable bending stress of oW = 735 psi and an 61b/in. 101b
allowable shear stress of 7,,w = 400 psi. Determine the l l l l l l l l l l l l i
width b of the beam if the height & = 2b.
| A\ |
L P N
#2 in. = 6 in: o 2in
-
L w3888 o, K
iy | v
Bending Stress: From the moment diagram, M_,, = 30.01b-in. IL i | J]
Assume bending controls the design. Applying the flexure formula. Zin] 3in T 3in Tzl
2467 /b 2633 b
Mmax <
Tattow = 7
Y{ib)
30.0(%)
= A7/ 7
(b (260 5,"’7\ 100
b=0.3941 in. = 0.394 in. Ans _ . [g '[ Xy
5.{75\J 10
Shear Stress: Provide a shear stress check using the shear formula ~/5-0 /33
for a rectangular section. From the shear diagram, V,,,, = 19.67 Ib.
T _ 3Vmu
max ZA
_ 3(19.67) M (1b-in.)
" 2(0.3941)(2)(0.3941)
=94.95 psi < 1,,,,, =400 psi (0.K!)
! I P
° s N\ XNy
-20.0
~30.0
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11-17. The steel cantilevered T-beam is made from two 150 mm
plates welded together as shown. Determine the maximum b, 15mm
loads P that can be safely supported on the beam if the 3’%50 mm P P
allowable bending stress is o,pw = 170 MPa and the iyls
allowable shear stress is 7,50w = 95 MPa. K15 mm i i
i
r 2m i 2m ‘
Section properties:
}= ZyA= 0.0075(0.15)(0.015) + 0.09(0.15)(0.015) = 0.04875m P 4
ZA 0.15(0.015) + 0.15(0.015) 1 l
. a4 @ 1
I= —(0.15)(0.015)° + 0.15(0.015)(0.04875 - 0.0075)* L AL ]
12 /aprﬁ Zm I 2m
+ .135(0.015)(0.15)’ + 0.015(0.15)(0.09-0.04875) = 11.9180(10"%) m*
U

—6
s=1 o LL180307) 6 10252(107%) m?

¢ (0.165-0.04875) 2P ———————LP———‘
)

(0.165 - 0.04875)

Omax = YA = ( 5 )(0.165-0.04875) (0.015) = 0.101355(107%) m® M
Maximum load: Assume failure due to bending moment. } }
M = Gaiiow S 6P = 170(10°)(0.10252)(107°) =Zp
P =29047N = 290kN Ans ~6f
Check shear:
-3
Tmax = Vaax Qmax - 2(2904.7)(0.101353)(107°) = 329MPa < Tuyee = 95 MPa
It 11.9180(1076)(0.015)
11-18. Draw the shear and moment diagrams for the 1.5 kip /ft
W 12 X 14 beam and check if the beam will safely support 50 kip-ft

the loading. The allowable bending stress is opow = 22 ksi

y v
and the allowable shear stress is 7,5 = 12 ksi. ' |
|

31t l 12 1t

Bending Stress: From the moment diagram, M,,, = 50.0 kip - ft

Applying the flexure formula with § = 14.9 in® for a wide - flange
secuon W12 x 14,

M tse)=lRokip
U = max
max 5 . SN [
I's r =1
50.0(12) T ‘
= =40.27ks1 > Oy,,,, = 22 ksi (No Good!) | 1
o L. »
24 ot L 6H
Shear Stress: From the shear diagram, V,,, = 13.17 kip. Using 1317 kip 483 kip
14
T= 2 where d= 1191 in. and £, = 0.20 in. for W12 x 14 wide
[
flange section. MLKiP-ft)
_ Vmu
T =g V(kip) 779
3
B 1307 43 N (F
0.20(11.91) e @
=5.53ksi < 1, = 12ksi (0.K 1) "
1.
53 AN
Hence, the wide flange section W12 x14 fails due to the ~483 -50-0
bending stress and will not safely support the loading. Ans
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11-19. Select the lightest-weight steel wide-flange beam
from Appendix B that will safely support the loading
shown. The allowable bending stress is o0 = 22 ksi and
the allowable shear stress is 7 5w = 12 ksi.

1.5 kip /ft

50 kip-ft

= .
31t ‘r 12 £t l

1512y =50 Kip

o sokipft TTTTTTTETTOT 1
Bending Stress: From the moment diagram, M, .. = 50.0 kip - ft r L 3 !
Assume bending controls the design. Applying the flexure formula. { F Ki
31 ot | 64t
1317 kip 485 kip
= Mmax
" Guttow
0.0(12 B i
- 50.0(12) 2797 i V (kip)
22
317
Select WI14x22 (5, =290, d=13.74in., 7, =0.230in.) !\
I3
f—— X ($t
v o 3 ”7"'\_]4.35 #t)
Shear Stress: Provide a shear stress check using 7= — for the
W14 %22 widc - flange section. From the shear diagram, V,,,, = 13.17 kip
Vo MKip )
Tmax = de
13.17
B TTTTITETN 779
0.230(13.74) 3 TS g
1
=417 ksi < Ty = 12ksi (0. K1) s =G
Hence, Use WIi4x22 Ans
-50-0
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*11-20. The compound beam is made from two sections,
which are pinned together at B. Use Appendix B and select
the light wide-flange beam that would be safe for each
section if the allowable bending stress is o ow = 24 ksi and
the allowable shear stress is 7,5,y = 14 ksi. The beam
supports a pipe loading of 1200 1b and 1800 Ib as shown.

1800 1b
1200 Ib
" |
A T | C ;\‘\

B O
e Ottt 6ft— 8 ft 10 ft 1
/20 kip [0 kip I-8okip
220kp
A |
o Gfe ! ofe 8ft | /loft
Bending Stress: From the momentdiagram, M, ,, =19.2 kip-ft 192 kip-ft. 1oKip ogokip
for member A B. Assuming bending controls the design, applying the
flexure tormula.
S — MmIK v K’
read = Uallow ( ,P)
19.2(12) 3
= =9.60in" 2:20
/00 ]
; ; 30
Select WI0x12 (S, =109in’, d=987in, £, =0.19in.) P 20 0 x
( 3 6? By - l @)
. 0800
For member BC, M, =8.00kip-ft
Mkipft)
S Mmil
read Caltow Soo
8.00(12) ) /\.
= = 4.00 s t t - X (fe
24 v T T
~6:C0
Select W6x9 (S, =556in". d=590in., 1, =0.17in.)
v ~I34
Shear Stress: Provide a shear stress check using 7= a for the
2 wide - i . h i .
W10x 12 wxd«.. flange section for member AB. From the shear diagram For member BC (W6x9), V.. = 1.00 kip
Viax = 2.20 kip.
Vv,
Fmax = tm:; T = Vmu
w max ’ d
_ 2.20 d ™
7 0.19(9.87) =
. 0.17(5.90)
= i = !
= 1.17 ksi < T, = 14ksi (0.K) = 0.997 ksi < .. < 14Ksi (0.K 1)
Use  WIOx12 Ans Hence. Use Wé6x9 Ans
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11-21. The steel beam has an allowable bending stress
Oaow = 140MPa  and an allowable shear stress of
Taow = 90 MPa. Determine the maximum load that can

safely be supported.

i
%
2m —{ 2m
? 20mm_ 4
150 mm
P %—{ FT‘
50 mm 50 mm
20 mm
Section properties :
§= (10)(120) (20) + (95)(150) (20) = 5722 mm
120(20) + 150(20)

Ouax = YA’ = (0.05638)(0.02)(0.170—-0.05722) = 0.127168(10"*)m>

I= ;15(0' 12)(0.02%) +0.12(0.02)(0.05722 — 0.01) +

Tli(o.oz)(o.ls’n 0.15(0.02)(0.095 — 0.05722)* = 15.3383(10"%) m*

—6
I _153383407) 13600510 m®
(0.170- 0.05722)

For moment :
M= a.llows A :
2P = 140(10%)(0.136005)(10™%) 1 L
P =9520N =952 kN (Controls) Ans p Zm 1 Zm ]
ZP
For shear : V(N)
It
Vé Ta ow( ) P
" G |«
-6 -P
P=90(10°)(w)=217106=217m M(N-m)
0.127168(10°%) ' -
-2P
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11-22. The timber beam has a rectangular cross section.
If the width of the beam is 6 in., determine its height A
so that it simultaneously reaches its allowable bending
stress of o,0w = 1.50 ksi and an allowable shear stress of
Taiow = S0 psi. Also, what is the maximum load P that the
beam can then support?

=

=

[o)
et
=1

2!

Section properues:
1 3 3
= —(6)(h’) = 0.5k
12( ) (h7)

P
Omax = 0.25h(0.5h)(6) = 0.75 K 1

If shear controls: !

7 ? TSt | BFt
Tallow = .v_m_'..‘Q& ; 50 = (f)(0-75h ) F/ %
It 0.5#3(6) A,

150h = 0.375 P (¢)) v

If bending controls:

Mpax
Oallow = s P/L

3
_ O.SEh )2

!__ =
¢ z - Fh

S =

15010y = 22012 M (/b))
k zsp

1.50(10°)* = 30P @ /\
] , .

Solving Egs. (1) and (2) yields:

h = 8.0in. Ans
P =3200b Ans

587



© 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.

11-23. The beam is to be used to support the machine,
which has a weight of 16 kip and a center of gravity at G. If
the maximum bending stress is not to exceed o,0w = 22 ksi,
determine the required width b of the flanges. The supports
at B and C are smooth.

kb~ | 05in.
05in.~1 | 7in.
L/

T 05in.

|;;6ft !

Section Properties:

N
1= |_l7<b>(s-) —E(b—O.S)(73) = 14.0833b+ 14.2917

Bending Stress: From the moment diagram, M, ,, = 52.8 kip - ft
Applying the flexure formula,

c
o max

allow = 7
52.8(12)(4)
14.0833b+ 14.2917

2=

b=7.165in. =7.17 in. Ans

100Kp  60kp

| i
ofe T84 T ent

&80 kip T20kjf
v(kip)

8-60

0
X(ft)

=/20

=]0
Mk-ft)

528 432

*11-24. The beam has a flange width b = 8in. If the
maximum bending stress is not to exceed o,jow = 22 ksi,
determine the greatest weight of the machine that the beam
can support. The center of gravity for the machine is at G,
and the supports at B and C are smooth.

Section Property:

1 1
1= 1—54.8)(8-‘) -5(7.5)(7’) = 126.96 in*

Bending Stress: From the moment diagram, M, = 3.30W.
Applying the flexure formula,

- M ..¢

allow =
4

3.
99 = 30W(12) (H
126.96

W =17.63 kip = 17.6 kip Ans

olasd  OFEW

l

' C

| A
eft 1 8t | et

0550w 0450w/
v M
0 554 330W  qew
‘ it X{t) 4 :
—0.075w 4 4
<0 450w

prdie
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11-25. The box beam has an allowable bending stress of
Talow = 10MPa  and an allowable shear stress of
Taow = 775 kPa. Determine the maximum intensity w of the
distributed loading that it can safely support. Also, determine
the maximum safe nail spacing for each third of the length of
the beam. Each nail can resist a shear force of 200 N.

Section Properties:

I= -115(0.21) (0.25%) - %(0.15) (0.19°) =0.1877(107) m*

0, =y,'A"=0.11(0.03)(0.15) = 0.495( 107) m’
Qnax = ZFA” = 0.11(0.03) (0.15) +0.0625(0.125) (0.06)
=096375(107) m’

Bending Stress: From the moment diagram, M, ,, =4.50w.
Assume bending controls the design. Applying the flexure formula,

ma <
Tallow = Ix
0(10°) = 4.50w (0.125)
0.1877(10-3)
w =3336.9 N/m

Shear Stress: Provide a shear stress check using the shear formula.
From the shear diagram, V;,,, =3.00w = 10.01 kN.

Vmﬂ Qmﬂ
Tpax = ___"I_t.__"_
_ IOAOI(103)[0.96375(10'3)]
0.1877(10-3) (0.06)
=857 kPa > 1., =775kPa (No Good!)

llow

Hence, shear stress controls.

fiuow = Vmix[?mix
3.00w[0.96375(1073
775(10°) = 3.00w[0.96375(107)]

0.1877(10%)(0.06)
w=3018.8 N/m=3.02kN/m Ans
Shear Flow ; Since there are two rows of nails, the allowable shear
2(200) _ 400

s s

flow is

For 0S£x<2m and 4 m<x < 6m, the design shear force is
V=3.00n =9056.3 N.

V
(-2
400 _ 9056.3[0.495(10)]
s 0.1877(10°3)

§=0.01675m = 16.7 mm Ans

o-ow
oo [ Eiutututuiaiiata 1
H 1
[ }
L |
3m T 3m
30w 30w
Y
3o
W . ‘
} ! i ]((m)
0 z 3
-
-3oW
M
4.50W
+ — X<
4 3 6
0~03ma 5m 0:03m

For 2m<x <4 m , the design shear force is V =w = 3018.8 N.

_Yo
=T
400 _ 3018.8[0.495(10°)]
s 0.1877(10°%)

s =0.05024 m = 50.2 mm Ans
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11-26. The beam is constructed from three boards as
shown. If each nail can support a shear force of 50 Ib,
determine the maximum spacing of the nails, s, s', and s”,
for regions AB, BC,and CD, respectively.

800 Ib 1200 Ib

o't , (=
I A
A
4] ’ ’ ,
s [ s /)
v 1800" %0
/10—
—
" 200

Section properties:

0.58(1) +2[(4 )] _

2.6i
81 +2[(6)(D] "

y=

I= 1—12(8)(13) +8(1)(2.6-0.5)* + 2(% )(1)(6%) +2(1)(6)(4-2.6)* =95.47 in®

Q =(2.6-0.5)(8)(1) = 16.8 in®

Region AB:
V=800l g=Y2_300068) 108 ibsin.
T~ 9547
50
=—2 __0710in. A
= 140812 I
Region BC:
V=100, q=Y21000U68) .o ib/in.
T 9547
50
- =0.568 in.
176072 in.  Ans
Region CD:
V=200 g=2-200068) s osin.
7~ o547
50
5= =284in. A
35202 o Ans

11-27. The beam is constructed from two boards as
shown. If each nail can support a shear force of 200 Ib,
determine the maximum spacing of the nails, s, s’, and s”, to
the nearest% inch for regions AB, BC, and CD, respectively.

1500 Ib

50016 1500 b

il
57 sft T 5ft

Section Properties:

IVA _0.5(8)(1)+4(6) (1) _

A 81 +6(1) 00/in

y=
1 3 2
/=E(8)(1 ) +8(1)(2-0.5)

1 o 2
— () (6 4-2)°
51 ( ) +1(6)(4-2)

=60.667 in®
Q, =VA = 1.5(1)(8) = 120in’

Shear Flow:
For 0<x <5 ft and 10 ft<x <15 ft (region AB and CD).
the design shear force isV = 500 1b and the allowable shear flow is
_ 200
r

Vo,
q=—

i

200 500(12.0)

s 60.667
s"=5=202in

For 5 ft<x <10 ft (region BC), the design shear force is

200
V'=1000 Ib and the allowable shear flow is g = —
s

1500 1h 500 Ib

Ve

V(ip, I

) ) 200 1000(12.0)
1009 Weiny v T 60667
PR %) Yrzon o s'=1.00in
s — & 5| o
0 500 Use s’=1lin. Ans
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*11-28. Draw the shear and moment diagrams for the
shaft, and determine its required diameter to the nearest
%in. if 00w = 7 ksi and 7,94y = 3 ksi. The bearings at A
and D exert only vertical reactions on the shaft. The loading
is applied to the pulleys at B, C,and E.Take P = 110 1b.

Bending Stress: From the moment diagram. M ,, = 1196.331b-n.
Assume bending controls the design. Applying the flexure formula.

M

max
o =
allow
1

1196.33( %)

1(9)°

d=1.203 in.

7(10°) =

1
Use d= lz n. Ans

Shear Stress: Provide a shear stress check using the shear formula.

1=2(0.625%) =0.1198 in"

_4(0.625)

max 3Ir

[%(m(o‘ezsz)}mszs in’

14in. T 20 in.

# 15 in.

-

Tu in.
i

] |

]

A

B

801b

_mile

D

a=}

din. ], 20in.
B4 Bolb

From the shear diagram, V,, = 107.761b.

350

lel Qmu
It
_ 107.76(0.1628)

"~ 70.1198(1.25)
117.1 psi < Tyyy00 = 3 ksi (0.K )

X0

=/07-76

110 16

/5/m. | 12in.
H2J6 1b 350

M(b-in.)

115143

.
'

351b

119633

47 (4
\:71"—1" )
=420-0

I
T
Ed

11-29. Draw the shear and moment diagrams for the
shaft, and determine its required diameter to the nearest
%in. if oapow = 7 ksi and 7,0 = 3 ksi. The bearings at A
and D exert only vertical reactions on the shaft. The loading
is applied to the pulleys at B, C,and E.Take P = 80 Ib.

Bending Stress: From the moment diagram, M, ,, = 1022.861b- in.

Assume bending controls the design. Applying the flexure formula,
_M,

max
Tallow = 7

c

1(10%) = 107;2(.216)(4%)

d=1.1421in.

1
U d=1-in. Ans
se 3

Shear Stress: Provide a shear stress check using the shear formula
with

1=2(0625") =0.1198 in’ veib)

4(0.625)
3n

max

B(m ( 0.6252)] =0.1628 in’

From the shear diagram, V,,,, = 86.94 Ib.

jee]

/5/1.
121
b

“in. Ron.
Bob1b gy, b

!

601

o Vors O

max ll
_ 86.94(0.1628)

T 0.1198(1.25)
=94.46 psi< 7,,,,., = 3ksi (0.K!)

%

=697

/2/n.
LD

Mb-in.)

1022-36
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11-30. The overhang beam is constructed using two 2-in. by
4-in. pieces of wood braced as shown. If the allowable
bending stress is o, = 600 psi, determine the largest load
P that can be applied. Also, determine the associated
maximum spacing of nails, s, along the beam section AC if
each nail can resist a shear force of 800 1b. Assume the beam
is pin-connected at A, B, and D. Neglect the axial force
developed in the beam along DA.

My =Mpux = 3p

Section properties:
I= 1—12(4)(4)3 =21.33 in’

Mpax = Oaniow S
3P(12) = 600(10.67)
P=17778=1781b Ans

Nail Spacing:
V=P= 17778 1b
0=@@)(1)=8in’

g=—%=2LL20) _ 66,67 b/in.
7 2133
=800 o0 Ans
66.67 Ib/in.

11-31. The tapered beam supports a concentrated force P
at its center. If it is made from a plate that has a constant o
width b, determine the absolute maximum bending stress in hy Iho
the beam. 9
L L L
2 v 2
P

Section Properties:

h—nh h
2= h==2{2x +L)
x 7
1 h N @)
I =—(b|=2 |(2x +1)° 3
12 L
\ A L
Z L 2 2 p
3 _—
B () (2 +00° g . £ F z
= = —(2x +L)” V='&
(20 +L) 6L2 Z
£
. . )M'é ST
Bending Stress: Applying the flexure formula,
x
M & 3PLx
OSSRk eL? t £
(20 +L)? §(2x +L) Z
X
In order to have the absolute maximum bending stress, %—c =0. -’g—
X
2 201) — L L
do _ 3_{{_ (x+L)*(1) = x(2)(2x+ L) (2) -0 Substituting x = 3 into Eq.[1] yields
dc bk} (2x+L)*
3PL
L 0 . =
- max Ans
x=3 8bh3
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#11-32. Determine the variation of the radius r of the
cantilevered beam that supports the uniform distributed
load so that it has a constant maximum bending stress o,
throughout its length.

Moment Function: As shown on FBD.

Section Properties:

I .
]:—r‘ S=-=2_=_y
4 c r 4
Bending Stress: Applying the flexure formula. [__—_-___—_ __‘ :::: J
e M
=5 Q
M == -
amax='§=13 Y=W"WxX X
3r =z
2wxl 1
UMIl il X‘
3

At x =L, r=ry. From Eq.[1],

s (2]
- nrg

ag

max

Equating Eq.{1] and [2] yields

2
P = _ozxz Ans

11-33. Determine the variation in the depth d of a
cantilevered beam that supports a concentrated force P at

its end so that it has a constant maximum bending stress W
Oalow throughout its length. The beam has a constant d do_x
width by. K{\i

Section properties: ‘ L
L(bo)d? 2
=—l'(bo)(d3) S=£=12( 0)( )=bod
12 c dl2 6 P
M P. A
X
Oallow = — = 1
o¥ S T bod?l6 o 1) M: Px
Atx=L p
PL
allow = 777 2
G PETT )
Equate Egs. (1) and (2) :
Px _ PL
do?16  bod?2l6
do 2 X
&= Ex; d= \/: Ans
( L x dy L
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11-34. The beam is made into the shape of a frustum  1501b
and has a diameter of 0.5 ft at A and a diameter of 1 ft at B. 3 ft |
If it supports a force of 150 Ib at A, determine the absolute

X*“
maximum bending stress in the beam and specify its ‘_

location x.
A 1ft
0.5 ft
B
Section Properties: \L
r=3 3 , _.\'+36 150 1b
x 36 12
V=1501p
; _r_t(x+36\‘ LI
T4l 2 ) 82944 M=]50X
s o mmUrIOT T g

- 36 -
= 6912

Bending Stress: Applying the flexure formuia.

- = M 150x _ 1036800x | 3in
TS s (x+36)°  m(x+36)° ( >in
. do .
In order 1o have the absolute maximum bending stress. — = (.
dx
do 1036800 (x+36)3 (1) =x(3)(x+36)3(1) 0 Subsutuung x = 18.0 1n. into Eq.[1] yields
& r (x+36)° h
_ 1036800(18) = 37.7 psi
x=180in. = 1.50 ft Ans T E TS

11-35. The beam has a width w and a depth that varies as
shown. If it supports a concentrated force P at its end,
determine the absolute maximum bending stress in the
beam and specify its location x.

b-b, by —-b b _xthy b)) +b L
« L N L
] = —wb?
2
I Lwh  w :
N =;=I‘T=E[-\‘(bg—bl)+bl1{|

Bending Stress: Applying the flexure formula,

o= M Px
S T Extb,~b+b L]
6PL x

i

T wlxtby, —b) +b, LT

. do
In order to have the absolute maximum bending stress, i 0.
X

: - b
da_6PL3{[x(b:-bl)+blL]“(1)—x(2)[x(bz—b,)+b,L](b:—b,)'|'0 Substituting x = _'b L into Eq.[1] yields
& w | [x(by =) +b, L] ] O
3PL
bl amu=~§
ok Ans 2wb, (b, —by)
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*11-36. The tapered beam supports a uniform distributed
load w. If it is made from a plate and has a constant width b,
determine the absolute maximum bending stress in the
beam.

Section properties:
ﬂ:’:.ﬂ; h=ho(-2-x+l)
x 2 L

1,.3,2 3
I = —bhy(~-.
2 ho(LI+ 1)

1 pd (2e 4 1)3
s=.1.=Eh_h'i.z(_7-'& =lbh},(?.x+1)z
23+ 1) 6 L

Bending stress:
M ¥(Lx - £ 3 -
R 0
S gbhi(3x+ 1) bk} (3x+ 1)?

do _ 3w (Gx+ DXL - 29 - (Lx - A)(x + DD, _
dx b} (Gx + 1)4 -

2 4 2 L
z (L - - =(Lx — =0: ==
(Lx-t- )¢ 2x) i(Lx x) =0; x 3

Hence, from Eq. (1),

P
GBI

TR L

ﬁ
Nt~

L .
2

do‘_2PL3[(x+L)3(l)—x(3}(x+L)2(l)
de m | (x+L)

X =

N~

L
Subsutuung x = 3 into Eq.[1] yields

8PL

Oax = 5 Ans
™t T 27

3w L) -(%)? 2 h-hA,
Omax = _"zi __________2(73 (4)2 = ——"WLI Ans
bhg (2% + 1) Abhj
11-37. The tapered simply supported beam supports the P
concentrated force P at its center. Determine the absolute
maximum bending stress in the beam. <
L
Moment Function: As shown on FBD(b).
o
Section Properties:
L
r:"r):’_o r=—o-(x+L) \/
P
4 4
_ 0 _ 4
!l = —[—(Y +L)] = &F(HL)
I Bt mn , 1
S=-=2T o0y z
¢ Ban [ ;‘,
£ z
< @)
Bending Stress: Applying the flexure formula,
V£
z
o= M fx _ 2PLx ()
S M ceLy mGrD)} ) M=£x
In order 1 have the absolute maximum bending stress, d—a =0. *
dx _g ®)
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11-38. The bearings at A and D exert only y and z
components of force on the shaft. If 7,4, = 60 MPa,
determine to the nearest millimeter the smallest-diameter
shaft that will support the loading. Use the maximum-shear-
stress theory of failure.

Shaft Design: By observation, the critical section is located just to

the left of gear € and just to right of gear B, where M = y/ 1.00? +0.500?2
= 1L118 kN mand T=0.250 kN - m. Using the maximum shear stress

theorv.
2 3
(,‘=( ‘/MZ..,TzJ
Tlalow

= ’ JI1118(10%)7 +(0.250(10° 7
O N7 +(0. 0(10)]]
=0.02299 m
d=2¢c=2(0.02299) =0.04599 m = 45.99 mm

Use d =46 mm Ans
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11-39. Solve Prob. 11-38 using the maximum-distortion-
energy theory of failure with oy, = 180 MPa.

Torque and Moment Diagrams: As shown.

In-Plane Principal Stresses: Applying Eq.9-5 with g, =0,
Mc aM Tc_ 2T

o, =—=—,ad T, = —=—
T mey’ 27 ey

2
o, +0, g, -o, )
Oy, =——2% )%

2
M M\ (2T Y
-t () () S
nc c
2 3.333 kN
= iM-—t — M2+ T
el med o
M My (KF )
Maximum Distortion Energy Theory: Let a = P and .00 0.500

2

b=—/M+T? then of = @' +b'+2b, 010, =a’ -,
-
P =a'+b -2b and o -0,0,+0; =3b*+d".

021"01‘72‘*0% =a§llow
2 2 oMY}
3(— M2+71) +(——) =
el mc?

4 :
2 2
c=[W(4M +3T )]

allow

ofllow

Shaft Design: By observation, the critical section is located just to

the left of gear C and just to right of gear B, where M = ' 1.002 +0.5002
= 1.118 kN - m and T = 0.250 kN - m. Using the maximum distortion
energy theory,

4 U
c=[”:d, (am +3T)]

allow

- 4 2 , i
—{F[Ts'o(_l_os)ﬁ[“(“w) +3(250) ]}

=0.02005 m
d = 2¢ =2(0.02005) = 0.04009 m = 40.09 mm

Use d=41 mm Ans

597




© 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.

*11-40. The bearings at A and D exert only y and z

components of force on the shaft. If 7,4, = 60 MPa,

determine to the nearest millimeter the smallest-diameter .
shaft that will support the loading. Use the maximum-shear-

stress theory of failure.

Critical moment is at point B :

M=/(473.7 +(147.4)? = 496.1 N-m

T=150N-m
2 2
c=( VM2 4T2 ) o (2 3 s _
P — )T =( 0 06),/496.1 +150%)'" =0.0176 m

¢=0.0176 m = 17.6 mm
d=2c=353mm
Used =36 mm Ans

M,(rl-m) 442 N M
"t ‘
d
1 t- s
My(N-m
+73.7
23)
+ } f——x
T(Hm)
I8
J|—)t
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11-41. Solve Prob. 11-40 using the maximum-distor-
tionenergy theory of failure. o0 = 130 MPa.

The critical moment is a2 B.

M=/ A137P +(1474) = 496.1 N-m

T=1SON-m

Since,
o ’
Ta.d =;i (-Z-)z#fz

La—‘23=A wd \f(Z) eei =B

ol=(A+B)? ok =(A-B)°
O, 0y = (A+B)A~B)
0l =00+ = A + B+ 24B-A* + B+ A + B - 248 o

=A*+38°
aa

= o 2
7+3(T+f )
= o + 377

2
Tp =0, 0 + abz b alzll.-

61"‘3‘) - U.zn.- )

From Eq (1) } t —x
16 M2 12717 TN-m)
e i e 150

16”2 + IZT').,‘

‘26.2".. : :

cx(

. 16(496.1)* + 12(150)

IIC‘
%2((130)(10%))? )¢ =001712m

d=2c=343mm Ans
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11-42. The pulleys attached to the shaft are loaded as
shown. If the bearings at A and B exert only horizontal and
vertical forces on the shaft, determine the required diameter
of the shaft to the nearest % in. using the maximum-shear-
stress theory of failure. 7,5 = 12 ksi.

100 /b 400 ,o0n
. S0 1h-ft soB-)t C /
T T !
) Ty s/t T 2441
3504 4ootb / #t solb

Mt )

Section just to the left of point C is the most critical. 3%0
M = /600 + 1002 = 608.28 Ib - ft 100

1 T ﬁa—
T =50 fi

My (16-41)
c= [ T T = [—2_ JI(608.28) (1217 + [50(1D)12) beo
T Tatiow #(12)(10%)

¢ = 0.7297 in. %

T t ‘r—a'
d = 2c = 146in. Tl-§t)

50 so

1, | |

Used = 15 in. Ans { ! ' 3’
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1143 Solve Prob. 11-42 using the maximum-dis'.onion-
energy theory of failure, oqow = 20 ksi.

D
Jig

”‘ 0.5 ft
11t 5ft—74

250 1b
150 Ib
z
100 1b 400 /b 200/
S0 1§t somk/
/
Section just 1o the left of point C is the most critical. i |
= = . S TR s/t T 244 1
M = /600 + 1002 = 608.28 Ib- ft 1504 4oomn / tton
T =501b-ft
Both states of stress will yield the same result. "
Oup = 6+V(6)2+12 “
ab 2 - 2 3so
100
Let £ = Aand -3—1+1'1=B —+ T ¢
= 2 — (A - R
%= (A+B), o) = (A-B) My (b
0.0y = (A + B)A~B) = A'- B boo
O -0, 0,+ 0 = A+ B +2AB ~ A> + B>+ A> + B® - 248
=A’+332=glz—-t-3(g—2+t’)=a“+31¢2 o
4 4 T t L 4
63 = Og Op + 0% = o%llmv
Tih-§¢)
& + 37" = Giow m 50 so
Mc Mc aM 1 —¥
C = = = E —
I et w3
o Te_ Tc_ 2T
J  Et me
From Eq. (1)
16M? 121
oy + e L.
16M? + 1272 1
c= [ -
720%10m r —-—"Y e 'Y
¢ = (161(608.28)(12))" + 12(50(12)]2)5

=2 [20(10°)]

0.7752 in. d =2c= 155in.

a
I

Used = 1< in. Ans

ool
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*11-44. The shaft is supported on journal bearings that do
not offer resistance to axial load. If the allowable normal
stress for the shaft is o), = 80 MPa, determine to the
nearest millimeter the smallest diameter of the shaft that
will support the loading. Use the maximum-distortion-
energy theory of failure.

Torque and Moment Diagrams: As shown.

In-Plane Principal Stresses: Applying Eq.9-5 with o, =0,

Mc aM Tc 2T
0, =—=—,and Ty = —=—.
I 3 Yl ;e

M
Maximum Distortion Energy Theory: Let a = — and M
el "(N‘M)

2
b=—VMI+T? then ol = ' +b*+2b. 0,0, =a’ b 296875

o =a*+b'-2ab , and o} -0, 0, +0% =3b +a’.

2 1 2
0, —0,0;+0; = Oyjjow

2 oMy °75
(T (4] e
el nel
PP 1
=| ——(aM?+3T
‘ [”Zaillow( )_.

Shaft Design: By observation, the critical section is located just to

the left of gear C, where M = y/39.06252 +46.012 = 60.354 N - m and
T =15.0 N - m. Using the maximum distortion energy theory,

c=[;(4Ml+ 372)]%
2 o'fuow /5.0
H
={W[4(60.354)2+3(15.0)2]} ~
=0.009942 m 025

eJs A }OV))
d=2c=2(0.009942) =0.01988 m = 19.88 mm

Use d=20mm Ans
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11-45. The shaft is supported on journal bearings that do
not offer resistance to axial load. If the allowable shear
stress for the shaft is 7,w = 35 MPa, determine to the
nearest millimeter the smallest diameter of the shaft that
will support the loading. Use the maximum-shear-stress
theory of failure.

Shaft Design: By observation, the critical section is located just to

the left of gear C, where M = ¢/39.06252 +46.012 = 60.354 N - m and
T =15.0 N-m. Using the maximum shear stress theory,

2 3
Tlallow

1
2 3 =2c= = =
- 03587 15.00 d=2c=2(0.01042) =0.02084 m = 20.84 mm
m(35) (10%)
=0.01042 m Use d=21 mm Ans

11-46. The shaft is supported by bearings at A and B that
exert force components only in the x and z directions on
the shaft. If the allowable normal stress for the shaft is
Tallow = 15 ksi, determine to the nearest % in. the smallest
diameter of the shaft that will support the gear loading. Use
the maximum-distortion-energy theory of failure.

4in. F,=2501b

Torque and Moment Diagrams: As shown.
In-Plane Principal Stresses: Applying Eq.9-5 with o, =0,

Mc aM Te 2T
O, = — = — anl T = —_— = —,
R AR ] A A X
y
o +o0, o, -0, \
0y, = * ( ) + 72
2 2 4
2M (ZM )1 2T )1
= —_— —_— | —
mcl nc (n’c J
2M 2
=+ = /MIIT?
mcd el
Maxi Distorti E Th Le M d ]
3 m istortion Lner, s Let = —
aximum S 1 8y eory a ]zc3 an M ({A 50,5 Zo,b
b —
b=—=/MI+T?, then of = a’+b'+2ab. 0,0, =a’ -0,
nc

o’% =a’+b*-2ab, and ()"Z—CJ'l o, +cr§ =3 +a%.

2
ol -0,0,+0% =0}

allow

2 oMy
3(—¢M2+r2) +(—) =d?
e’ \rme?

allow

4 2 2 :
c= [;;}I—‘: ( aM*+3T ) ]
S haft Design: By observation, the critical secuon is located at

supportA , where M = y/16002+0 = 1600 1b - in and 7= 800 Ib - in.
Using the maximum distortion energy theory,

4 2 2 IE
c=[”202 (am +3T)]

allow
!
4 2 2
={ ———|4
{”2[15“03)12[ (1600)* +3(800) ]f
=0.5290 in.
L
d'=2¢=2(0.5290) = 1.058 in. Use =lgin Ans
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11-47. Solve Prob. 11-46 using the maximum-shear-stress
toeory of failure with 7,5, = 6 ksi.

Shaft Design: By observation, the critical section is located at

support A , where M = ¢/ 16002+ 0= 16001b - in and 7= 800 Ib - in.
Using the maximum shea stress theory.,

3
( 2+T2)
Tallow

erm]

ll

. d=2c=2(0.5747) = 1.149 in.
3
RETGRE)

=0.5747 in. Use d

It
-

n. Ans

*11-48. The end gear connected to the shaft is subjected z
to the loading shown. If the bearings at A and B exert only

y and z components of force on the shaft, determine the

equilibrium torque 7" at gear C and then determine the 100 mm
smallest diameter of the shaft to the nearest millimeter that T
will support the loading. Use the maximum-shear-stress
theory of failure with 7,5, = 60 MPa.

jo0 N-Mm
1428 ST N
X
Zooeni
542:86N
Zr#2-86N
N M:(N'M)
| so0 225
27
From the free - body diagrams: I +— +——)
T=100N-m Ans
Me (A-m)
Critical se;uon is at support A. 4286
1 1
¢ = [——/MEF T = [—2 /2257 + 150°)° T Ny
LT n(60)<106) ‘ Tk
= 001421 m
7 (N-m)
d=2c=00284m = 28.4mm
/50
Used = 29 mm Ans t ——x
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11-49. Solve Prob. 11-48 using the maximum-distortion
energy theory of failure with o,;,,, = 80 MPa.

From the free - body diagrams .
T l0ON-m Ans

Critical section is a1 support A.

g,
Oy ® o Y2 + 13
12 2 ¥ % 54

o, o3
Let -, b e
a=x 3 ™ % -

o) = ﬂ'l'b. [/} = g-b

Require,
o%“alal'*a% .dllou

0’ +2ab+ b ~[a’* ~b*) +a - 2ab+ b = OB,

al + Jbz = dllov

o 2
vy + 3(-‘-:— + Th) = Odew

d + 3"137 = Qallew

M
('z,j;;)z + 3(;%)1 » Tlitew

I, AM 2
:;[(-;-)z + 3({)’] = Gliew
SO L Y 2N 1213

c}llcu ': 024.. - ’:

Y. i
S * 3T

. (w225 + 3050

4
(80(10%))3(x)?

= 0.01605 m
d =2 = 0032Im = 3.1 mm

Used = 33mm Ans

100 mm

o™

2Z7F2-86A
1500 A
”,(”"‘)
L35
+1)
! 4 e s 4
He-(ﬂ"",
142-86
{A} x
7 (N-m)
159
} - X
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11-50. Draw the shear and moment diagrams for the shaft,
and then determine its required diameter to the nearest
millimeter if o,pew = 140 MPa and 7,5, = 80 MPa. The
bearings at A and B exert only vertical reactions on the
shaft.

Bending Stress: From the moment diagram. M., = 111 N.-m.
Assume bending controls the design. Applying the flexure formula,

M

_ max

Oaliow = 7

Cc

11

(

d =0.02008 m = 20.1 mm

~~

VTN

)

4

140(10°) =

b}
(1N

N

Use d=21 mm Ans
Shear Stress: Provide a shear stress check using the shear tormula

with

1=7(00105") =9.5466(10) m'

- i“’_-ol@[%(n)(o.mosf] =0.77175(10°) m’

max I

From the shear diagram, V,,,, = 1484 N.

T - lel Qmax
max lt
_ 1484[0.77175(10)]
9.5466(10-%) (0.021)

=571 MPa < 1, =80 MPa (0.K /)

A

=

800N

1500 N

125 mm 75 mm
8ol /500N
A ] 3
P O bom
0425 m oog’n
&5625 N 1484-375
V(N)
816
15.06 o5 08
5 }—X(m) -
0125
—1464'
MN-m)
102 1l
| N
p pery res

11-51. The cantilevered beam has a circular cross section.
If it supports a force P at its end, determine its radius y as a
function of x so that it is subjected to a constant maximum
bending stress o,y throughout its length.

Section properties:
l= -’—zy4

4

4

S = { = 152’— = ny3

c y 4
o _M _Px

allow S 5)’3

Ans

mePx (f
.

J—f—-f

%

P
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*11-52. The simply supported beam is made of timber 300 N /m
that has an allowable bending stress of o, = 8 MPa and
an allowable shear stress of 7.y, = 750 kPa. Determine its
dimensions if it is to be rectangular and have a height-to- :
width ratio of h/b = 1.25. A9 —

| 3m |

From the free - body diagram of the segment : 4 .
+TZF =0, 300- %(lOOx)x=0; x=2449m 4( : —
1
[2m T 2m |
300w 150

(GFIM=0 M+ %[100(2.449)](2.449)(3%19) ~300(2.449) = 0; M = 4899N - m

Flivox)x

= é(b)(l.zsb)3 = 0.16276 b*

Assume bending controls.

Mo, . 489.9 vn)
Gallow = ;o 8(10°) = ———
flow req'd ( ) 0.26042 b*
300 \
b = 0.06172m = 61.7 mm Ans t —x
-150

h=1.25(0.06172) =77.2 mm Ans
Hlnm) 4009

450
Check shear :
Tmax = 1.5Vas = 1.5(300) = 945kPa < Tow = 750kPa OK T ¥
A (0.06172)(1.25)(0.0617) P '

11-53. The beam is made in the shape of a frustum that
has a diameter of 1 ft at A and a diameter of 2 ft at B. If it
supports a couple moment of 8 kip - ft at its end, determine
the absolute maximum bending stress in the beam and
specify its location x.

Section Properties:

r-6_ 6 _x+72
x 72 T2
rx+72Y n .
'Z( 2 ):82944(“72)
Bkipft
I oEs(x+72)°
s=lomult T T gy
c FEYH 6912

Bending Stress: Applying the flexure formula,

(1

g M__800012) 66355
°s

T+ mxe1D)}

Since o is a decreasing function, ©,,, occurs at x =0 Ans

Substituung x = 0 into Eq.[1] yields

663552

Omax = m =0.566 ksi Ans
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11-54. Select the lightest-weight steel wide-flange over-

hanging beam from Appendix B that will safely support the } 81t 7‘ 21t 41t ﬂ
loading. Assume the support at A is a pin and the support at A i = - i
B is aroller. The allowable bending stress is o,y = 24 ksi B Y
and the allowable shear stress is o, = 14 ksi. L “ I

T : 3 2 kip 2 kip
1 o il - |
) aft Tepet #7¢ 1
20 &;p botp 24y 2EP
Assume bending controls.
Swga = Mmax _ 16002) _ g4,
Callow 24 Vixip)
Selecta W10 x 12 40
12.0
3 I ™%
S = 109in”, d=9.87in., 4, =0.190 in. “2-0
MEp-f1)
Check shear :
Voax 4 . .
Tavg = —— = =———— = 2.13ksi < 14ksi OK
Av  9.87(0.190) — Fx
UseW10x12  Ans i
~/6-0
11-55. The bearings at A and B exert only x and z 7
components of force on the steel shaft. Determine the F.=5kN

shaft’s diameter to the nearest millimeter so that it can
resist the loadings of the gears without exceeding an
allowable shear stress of 7,70 = 80 MPa. Use the maximum-
shear-stress theory of failure.

M, (Nm)

375

Ma (-m)

Ska ™

/\‘szo——‘ |
' ¢

Maximum resultant moment M = +/1250? + 250> = 127475N - m
T(N-m)

VMY T = [— 2 /1274758 + 375%)5 = 0.0219 D —
= . = Q. m Il
7 Tallow 7(80)( 106) 1 U T }

c=|

d=2c=00439m = 439 mm

Used = 4 mm Ans
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*11-56. The bearings at A and B exert only x and z
components of force on the steel shaft. Determine the shaft’s
diameter to the nearest millimeter so that it can resist the
loadings of the gears without exceeding an allowable shear
stress of T,0w = 80 MPa. Use the maximum-distortion-
energy theory of failure with o,y = 200 MPa.

Maximum resultant moment M = /12502 + 250 = 1274.75N m

o, ot
a.;:;*_— -4i+r},

oy =a+b, oy = a-b

Require,
ol - 0102 + 0% = Ohiow

a*+2ab+bt -[a* - b1 +a® - 2ab+ b = OFyow

a4+ 3B = anow

M, ()
Mc Te 1250
(;—C;)I + 3(;';)2 = Oullow 3¢
! + %
1 [famy, 2ry]
?[(T) 3(7)] = Gl My ()
s 16 2 121 ée
c = M+ —— 250
Thnow ™ Shiow™ f L f Y. g
4 3
° [oi,.o.n:“‘“z 3 Tz’]' TR
‘ 375 375
e | (4127475 + 3075)H) | [ ' =
= | @oaonion (4(1274.75)° + 3(375)")

= 0.0203m = 203 mm

d = 40.6 mm Ans

609




© 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.

11-57. Select the lightest-weight steel wide-flange beam Skip 10kip 8kip
from Appendix B that will safely support the loading

shown. The allowable bending stress is oy = 22 ksi and % %
the allowable shear stress is 740w = 12 Ksi.

4|

_ @
10 ftJ‘S ftJ‘S ftJ*lO ft——

8Kip 19k Brip
Bending Stress: From the moment diagram, M,,,, = 155 kip - ft. L] J
Assume bending controls the design. Applying the flexure forroula, oft Tsplspl PR
13-0 kip 130kp
Suq‘l = Mmu
allow
V(Kip)
15502 oy ssin®
22
3 . . /3.0
Select WI8x50 (5, =88.9in’, d=17.99in., &, =0.355in.)

v
Shear Stress: Provide a shear stress check using 7= — fora

¢, d
W18 x 50 wide - flange section. From the shear diagram, V,,,, = 13.0 kip. ~Bo
Vs
Tmaz = —":;"j‘
130
"~ 0.355(17.99)

=2.04ksi < Ty = 12Kksi (0.K )

Hence, Use WI8x50 Ans
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