Sem. 131 Key Solution HW 9 CE 203

5-95. Compare the values of the maximum elastic shear stress and the angle of twist developed in
304 stainless steel shafts having circular and square cross sections. Each shaft has the same cross-

sectional area of 5600 mm”2, length of 900 mm, and is subjected to a torque of 500 N.m.
Solution:

a A
. —a—|
Maximum Shear Stress:
For circular shaft
A=mc? =5600; c= 42.22 mm
Tc Tc 2T 2*500* 1000
(Tc)max = ik 7 ™ “w@2227 423 MPa. Ans.

For rectangular shaft

A =a®=5600; a=74.833 mm

: _A8IT _ 481+500:1000 .~
Tr)max = [I‘; = (74.833)3 = o. a. ns.

Angle of Twist:

For circular shaft

» 500+1000%900 0.
~ ~= — 7 5600 e ad. Ans.

~ JG 7 )2 % 75 % 1073

b

For rectangular shaft

¢, = LIL _ 710+500+ 10005900 _ 5156 pog, 4
: atG 74.833% % 75+ 10~3 " ad. Ans.

The rectangular shaft has a greater maximum shear stress and angle of twist.
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5-106. The steel shaft is 300 mm. long and is screwed into the wall using a wrench. Determine the
maximum shear stress in the shaft and the amount of displacement that each couple force undergoes
if the couple forces have a magnitude of F = 150 N, Gst = 75 GPa.

Solution:

F
T—150%400 =0; T = 60000 N.mm
418T  4.18 x 60000 F
Tmar = ——3— = ——5=3 =16.1 MPa. Ans.

p_ 7ATL _7.1%60000300 _ o0
TTa*G | 25%+75%108 aa-

6 = 200+ 0.00436 = 0.872 mm Ans. / T
)

F= 150N o

F 2 150N
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5-111. A torque T is applied to two tubes having the
cross sections shown. Compare the shear flow developed in
each tube.

Circular tube:

T T _ar

e =54, ~ 2m(a2p wd
Square tube:
oo T _ T
It =54, 28
4w T/2d) =«
ch 2‘]":.-"‘( m |:T1 ] _1'
Thus;

™
st = — da

Ans.

——

i _'|
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#5-137. The shear stress-strain diagram for a solid
50-mm-diameter shaft can be approximated as shown in
the figure. Determine the torque T required to cause a
maximum shear stress in the shaft of 125 MPa. If the shaft is
1.5 m long, what is the corresponding angle of twist?

Strain Diagram:

¥ (rad)

0.0025 0.010

Py 0025
= =2 ~ 0.00625
00025 o001 "7 o

Stress Diagram:

50(10%) -
™ = hooe2s P = 810 p
: . . froo00as red
T, — 50(10°)  125(10%) — 50(10°)
= yu-awamd-

p — 0.00625 0.025 — 0.00625

/.
7, = 4(10°) p + 25(10°) k

g

The Ultimate Torgue: 50 AP,
128 MAe
C
t’ld-'
T=2w [ vp'd
' [ prap o
(L.00625 m D00kLS5m
=27 f 8(10°) p* dp oo
0

(.025 m

+ 27 / 4(10°)p + 25(10°)|o%ap
JO00E25 m - ) N

_ EW[Z( 10° :I ,04] :é:_-:|[ilﬁlﬁ m

25(]0{1)'01:| 0023 m

3

+ 2;{1(10") ot +

0.00625 m

= 326030 N-m = 3.2TkN+-m Ans.

Angle of Twist:

¥max 0.01 )
= — p— q == o p— o . = : |-l
& . L (0.{}25 (1.5) = 0.60 rad = 34.4 Ans




Sem. 131

Key Solution HW 9

6-5. Draw the shear and moment diagrams for the beam.
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6-6. Draw the shear and moment diagrams for the

overhang beam.
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