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SOLUTION
Hooke’s Law. We note that o, = 0. Using Egs. (2.28) we find the
strain in each of the coordinate directions.
o, Ly va,
€, = +— — — —
B E E
Il . N 1 . S T
= ———— | (12 ksi) — 0 — (20 ksi) | = +0.533 X 10" in./in.
10 > 10" psi 3
o, oy ro,
e
5 E E E
1l L I . 1 \ — —%
= ————— | ——{¥8 ksi) -+ 0 — =(20ksi)| = —1.067 > FO~ in.in.
10 > 10" psi 3 3
_ o, voy o,
S e E E
1 i £ ; - = p
= ————————| —— (12 ksi) — 0 + (20 ksi) | = +1.600 X 10 " in./in.
10 X 10% psil 3
a. Diameter AB. The change in length is g8 = e€.d.
Bpa = €d = (+0.533 X 107% in/in ) (9 in.)
6.5__.-1 = +4.8 X lL.a-'_-f iT1.
b. Diameter CD.
Scp = €d = (+1.600 X 1077 in./in.)(9 in.)
Sc/p = +14.4 X 107% in.
c. Thickness. Recalling that ¢t = 2 in., we have
8, = g4 = (—1.067 X 10 %in./in.)(% in.)
8 = —0.800 % 1072 in.
d. Volume of the Plate. Using Eq. (2.30), we write
e =€ + €, + € = (+0.533 — 1.067 + 1.600)10™> = +1.067 X 1075
AV = eV = +1.067 X 1073[(15in.)(15 in.)Ein.)]AV = +0.187 X in®
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SOLUTION

a. Hollow Shaft as Designed. For the hollow shaft we have

1= —(et =Y =—[(3in) = (2in)"] = 102.1 in*
- ], 2_\ 4 s |

S¢P
e =2in, | , -

Using Eq. (3.9), we write

. Te, T(3in.)
T e 12 ksi = ;
/ 102.1 in

T = 408 kip + in.

b. Solid Shaft of Equal Weight. For the shaft as designed and this
solid shaft to have the same weight and length, their cross-sectional areas
must be equal.

;'!Il'r_-:- = ."".,:Ii.._.
.' #[(3in) = (2in.)*] = w3 ¢y = 2.24 in,
' . Since 7,3 = 12 ksi, we write
y
= Te T(2.241n.)
T = 2 12ksi=———— T=2llkip*in
J ‘?I 2.24in.)*

¢. Hollow Shatt of 8-in. Diameter, For equal weight, the cross-
sectional areas again must be equal. We determine the inside diameter of
the shaft by writing

. 1 = f"-:jr.-;
o= din - 7[(3in.)* = (2in.)"] = #[(4in.)* - ¢3] = 3317,
gtk L.\ | L . e EX L
: | For ¢ = 3317 in, and ¢; = 4 in,,
] =={(4in)' - (3317in,)"] = 212 in*
:? -4 L
- With 7y = 12 ksi and ¢, = 4 in,,
Te, Ti4in)
Thi— 2 ksi = i = 636 kip * in
/ 212in 3
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ﬁjmh 5"’ , M AE’“ rnmg
M oo | 2,8 | 13.5200°
@| 300 | 7.5 | 2%
5| qo00 [5.75% 107
T . IS.Sx 0%
Yp N A0 - ”-5 mm

T]ne neoiwf axvis pf:s Smm abeve Ht? bo#om.

.yfvp T 30.7.8 =\0.8 mm t 0,015 m j Yld 2SS mm T =0,0175 m
| ! ;

Lt wbh +Ad' - & (90)(15Y +( g00)(5)?

Izl U Ady =k (20054 (200)10)*

.25 %10° mm?

35L12 10 !

(4]

L= L+4T, 7ei9m5S’ mu' < Clats o v

ol ¥ m SR
M = (4«10 )(61. 378 16 _

Turi $eusion .siJz: 50178 T JI8. 8 N-m
-9
Biblosx g oun, < BowwtYerazud®)
Om 2 LompresSion M 0075 = |06, ) Nem
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o) Principal Planes. Following the usual sign convention, we
write the stress components as

>4 MPa o, = +50 MPa o, = —10 MPa T = +40 MPa
4 = '
=0 \_|;' Substituting into Eq. (7.12), we have
1 27, 2(+40) 50
tan ‘_H — - = = = = e—
Fy— 1, 80 = (=10) 60
29, = 53.1° an 80° + 53.1° = 233.1°
Fig. 7.11 26, = 53 l- anl H[. _ 33.1 33.1
6, = 26.6° and 116.6°
[b] Principal Stresses. Formula (7.14) vields
r AMPa . e
; Tt T, e = Oy\" .
B T = T{) MPFa T max, min = 2 = \ L\ = ) Ly '.;’_-
A \4, = 26.6° =20 = V(30)* + (40)°
1 ;
& ' T = 20 + 50 = 70 MP
. \ T = 20 — 50 = —30 MPa

The principal planes and principal stresses are sketched in Fig. 7.12. Mak-

I pal | I I g

Fig. 7.12 ing @ = 26.6° in Eq. (7.5), we check that the normal stress exerted on
face BC of the element is the maxdmum stress:

50 - 10 3 + 10

o= - - a5 33.1°7 + 40 5in 33.1°
i 3 > cos 53.1 4{) 5in 53.1
15 = 26.6° . e s .
E/ = =0, = 20 + 30 cos 53.1° + 40 s5in 33.1° = T0 MPa = o,
- i = ¢/ Maximum Shearing Stress. Formula (7.16) vields
A<_}45 '- < .
i G for, — a2

[§4)

' w P \ |: 7} - -_‘ = V(30)® + (40) = 50 MPa

d=0—45"= —]84°
Sinee &, and v ]| we crlﬁ;umtc' signs the value obtained for T onax
Fig. 7.13 actually represents the maximum value of the shearing stress at the point

considered. The orientation of the planes of maximum shearing stress and

the sense of the shearing stresses are best determined by passing a section

along the diagonal plane AC of the element of Fig. 7.12. Since the faces

MP AB and BC of the element are contained in the princ 'p.i.| 1)|,Lm‘\ the
diagonal plane AC must be one of the planes of maximum shearing stress

(Fig. 7.13). Furthermore, the e juilibrium conditions for the prismatic

MPa element ABC require that the shearing stress exerted on AC be directed
s .‘\'lJli'\.'.:] -I-ll[‘ (".]].‘ll' E'E('“]['“T ['[}:'l'[“\l“J]]lI.'_:l';;" (4] I|ll' maxiumiim ﬁ]il'.l['iU.L"'
|6,= —184° stress is shown in Fig. 7.14, The normal stress on each of the four faces

“‘“‘f-n.‘ of the element is given by Eq. (7.17):
gy T Oy 50 = 10
= o=, = - - = = 20 MPa
ig. 7. 2 2
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