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10-1. Prove that the sum of the normal strains in
perpendicular directions is constant.

+ —-—

e = &1 8 B8 0520+ ™ sin2e 1N
2 2 2

g =218 B8 009 Yo gin2g @
2 2 2

Adding Eq. (1) and Eq. (2) yields :
Er + & = & + &, = constant QED

10-2. The state of strain at the point on the leaf of the
caster assembly has components of e, = —400(10°°),
€, = 860(10°°), and Yy = 375(107%). Use the strain-
transformation equations to determine the equivalent in-
plane strains on an element oriented at an angle of 6 = 30°
counterclockwise from the original position. Sketch the
deformed element due to these strains within the x—y plane.

Normal Strain and S hear Strain: In accordance with the sign
conventon,

£, =-400(10°) £, =860(10°) 1y, =375(107°)
6 =+30°

Strain Transformation Equations: Applying Eqs.10-5, 10-6,

and 10-7, K
1
E +E E, —E %
£ = =4 a5 20 + Kt sin2g .
=400+ 860 —400 - 860 375 » e X
=| + cos 60° + —=sin 60° |( 107°) AN
2 2 2 WS \
=77.4(10°) Ans N e d |30
év'd?' \ >, o\t
Y - X
ey o & in 26 + Lx2cos 20 Loy’
2 2 2 <
Yoy = [~(~400-860) sin 60° + 375 cos 60°] ( 10™*)
=1279(107°) Ans
E_+E E, —E
£, = "Zy—- "2 ycos29—y;ysin29
_ (~400+860 —-400- 860 L35 N
_( 3 - 5 cos 60 - sin 60 )( 107°)
=383(10°) Ans
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10-3. The state of strain at the point on the pin leaf
has components of e, = 200(10°°), € = 180(10°°), and
Yay = —300(107%). Use the strain-transformation equations Y
and determine the equivalent in-plane strains on an element

oriented at an angle of § = 60° counterclockwise from the

original position. Sketch the deformed element due to these X
strains within the x—y plane.

Normal Strain and S hear Strain: In accordance with the sign
convention,

£,=200(10") g =180(10°) 7y, =-300(10"°%)
0 = +60°

Strain Transformation Equations: Applying Eqs.10-5, 10-6,
and 10-7,

£ +E, E,—€
g, = 2L+ 2 yc0529+y"y5m29
2 2 2
200+ 180 200-180 . =300 3 6
=(___7.___+Tc05120“+ S smll()"J(lO )
=55.1(107) Ans
. £, €
szy =--2=Tsin 26 + y;ycos 20
Ye-y: = (=200 = 180) sin 120°+ (=300} cos 120°]( 107°)
=133(107°%) Ans
E,+E, E,-E
g, =22~ —Jcos 26 - T2 in 26
2 2 2
200+ 180 200-180 =300 6
:(T——Z—coslw"— —sin 120")(10 )
=325(107°) Ans

*10-4. Solve Prob. 10-3 for an element oriented 6 = 30°
clockwise. y

Normal Strain and S hear Strain: In accordance with the sign AN
convention, X

€, =200(10°) &, =180(107°) 7, =-300(10")
§=-30°

Strain Transformation Equations: Applying Eqs. 10-5. 10-6.

and 10-7,
E_+E E ~E
£ = Ao+ I Lo 26+Y;ysin29 o+
!
200+180  200-180 -300 P t
=| ———— + ————¢0s (—60°) + ——sin (—60°):l( 107°)
2 2 2
-6
=325(107") Ans ey’
¥ ¢
e £, € >
%y—=— "7 Y sin 26 +yij-c0528 >\," N
Yoy = [=(200~180) sin (=60°) +(~300) cos (=60°)] (10™*) 2 X
=-133(10°° Yo AN/
( ) Ans EL INOY 30°
2 Y
E, +E E, —€
S yc0526~%sm29 Exdx’ <’
_(200+180 200-180 =300 ) 6
—(—Z——Tcos (=60%) = ——sin (=60 ))( 107%)
=55.1(10%) Ans
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10-5. Due to the load P, the state of strain at the point
on the bracket has components of e, = 500(10°°),
€, = 350(107°), and y,, = —430(10°°). Use the strain-
transformation equations to determine the equivalent in-
plane strains on an element oriented at an angle of 6 = 30°
clockwise from the original position. Sketch the deformed
element due to these strains with in the x—y plane.

P

-/

Normal Strain and S hear Strain: In accordance with the sign
convention,

£,=500(10°) € =350(10"°) vy, =-430(107°)
=-30°

Strain Transformation Equations: Applying Eqs. 10-5. 10-6.

and 10-7,
E,t+E E, —€
R 2 cos 26 + 122 i 20
2 2 2
500+350 500 - 350 -430 »
_[_Z___ﬂ»_z__tos (=60°) + ——sin (—60°)]( 107°)
=649(107°) Ans
Ye'y _ £ — &y

sin 26 + V’;y cos 260

Yary: = [=(500=350) sin (=60°) +(~430) cos (~60°)] (10™°)
=-85.1(10"°) Ans

g, = E";:—Ey - -E"—;e-y—cos 26 -—%s'm 26
(5004350 500~ 350
_(*‘5_‘—7_
=201(10"°) Ans

R o —430 5 -6
cos (—60 )“Tsm (=60 ))( 10 )
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10-6. The state of strain at the point on a wrench
has components e, = 120(10°°), €, = —180(10°%), Yy =
150(10°°). Use the strain-transformation equations to determine
(a) the in-plane principal strains and (b) the maximum in-
plane shear strain and average normal strain. In each case
specify the orientation of the element and show how the
strains deform the element within the x—y plane.

& = 120(10°%) g = —180(107°) 7, = 150(10°)
& + &, E - 2 Yy
aj €, = ———Le 4 YY(=——=) +
) 1.2 TR ( 3 ) +( 2 )
- (1204- (-180) \/( 120 - (-180) )2 + (_1_53)2] 1078
2 - 2 2
& = 138(10°%); & = -198(10°°%) Ans

Orientation of £; and &;
LIS E—— I §
& ~ & {120 - (~180)]

an 26, =

6, = 13.28° and ~76.72°

Use Eq. 10- 5 10 determine the direction of £; and &;

£ + E Ex — & 7. : [}
€r = S— X 4 V06520 + 12 5in 20 £d
“ 2 2 2 " x|

6 =6, = 1328 ! i ,5,3;:

120 + (-180) _ 120 - (~180)
2
= 138 (10°%) = g

& = [

c0s(26.56°) + i:—o sin 26.56°) 107

Therefore 6,, = 13.3°; 6§, = -76.7° Ans

Ymax - 2 2
p 1s-plage = Ex Ey ny
) R S G () ]

?
Yasz = 2[\/ Pl A0 110 = 335 10%)  Ans é“l‘l
is-plans 2 2 J

Gets o (120% C180)) 156 - 3000107 Ans fr
2 2 # X

Eavg =

- 3 .
Orientation of 7gm,x \”\ 7

(& ~ &) _ -[120 - (~180)] dr’ ’
tan 26, = L = = =2 !
X - ™ 20 6‘3 %

8, =-3L7° and 58.3° Ans

Use Eq. 10- 11 10 determine the sign of ¥pex
is-plane
-——7;" =525 ; £ 5in 26 + —--7;’ cos 20

=6 = ~317°

120 - (-
ey = 21202 180

sin (~63.4°) + %0 cos (~63.4°)]10°¢ = 335 (10°%)
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10-7. The state of strain at the point on the gear tooth y
has components of e, = 850(10°), €, = 480(10°9),
Vay = 650(10°°). Use the strain-transformation equations to
determine (a) the in-plane principal strains and (b) the
maximum in-plane shear strain and average normal strain.
In each case specify the orientation of the element and show
how the strains deform the element within the x—y plane.

£, =850(10°) &, =480(10°%)  7,, =650(10"°)

a)
£, = Bt +‘/(£,-e,)1+(h)2
' 2 - 2 2
850+ 480 850-480 2 650 2., .
= t\/( ) + (=) 100
2 2 2
£ =1039(10%) Ans & =291(10%)  Ans
Orientation of €, and &;: ! L'
Vs 650 ‘d
wnf, = —2L— =
& —¢€,  850-480
!
A
6, =30.18° and  120.18° /\
-~
/’ \
Use Eq. 10 - § to determine the direction of £, and &;: \) \ é dx !
E.+E | E-E& Yy . [
£y = ek 4 e Lc0s 20 + == 5in 20 ’
2 2 2 &;dy A
6= 6, =30.18° ., %
302"*
o = [99;'“—80 + @%@cos(soas**) + E}Osm(m.ss")] (10°%) = 1039(10°%)
Therefore, 6,1 =30.2° Ans 6,2 =120° Ans
b)
YDII
1o -plage = Ex - & 2 + 1:_’_ 2
=3 (——-——2 ) +( > )
850-480_, 650 ) .
Yass =2(1/(—5’-——-)%(—)11(10‘)=m<1o“> Ans
n-plane 2 2
by = 225 (8—5955-'1’)<10‘>= 665(10%)  Ans
Orientation of ¥mqx:
26, = —(& = &) _ -(850-480)
Tay 650
X
0, =-14.8%and 75.2° Ans
2

Use Eq 10- 6 to determine the sign of Yoy :

in-plage

Z—"z—";=—£';£’sinza+77"cos28; 6=6, = -148°

Yey = [~(850-480)sin (~29.65°) + 650c0s (~29.65°)](10°°) = 748(10°°)
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*10-8. The state of strain at the point on the gear tooth y
has the components €, = 520(10°°), €, = —=760(10°9),
Yy = —750(107%). Use the strain-transformation equations

to determine (a) the in-plane principal strains and (b) the
maximum in-plane shear strain and average normal strain.
In each case specify the orientation of the element and show
how the strains deform the element within the x—y plane.

£ = 520(10°%) g, =-T60(10°%) ' 7, =-750(10"°)

.

- 2
a) €, = ELT_EL .i. (ELE_E_’.)I + (2%’.)
ek (=760) | \[(szo — T80 08 s
2 - 2 2
]
£ = 622(10%); & = —862(10°%) Ans * ‘ﬂ

Orientation of £, and &;
Yy =750

= = —-0.5859 ; 6, = —15.18° and e, = 74.82°
& - & (520 - (~760)]

an 26, =

Use Eq. 10-5 1 determine the direction of £, and &;.
e = f:_*z'..‘.z. + 5‘-3—‘!-00;29 + %’-smze

1
=6, = ~15.18° /
(3 / T

e = 22 *;'760) + 0 ‘2(‘760) cos(~3036%) + "—755-9 sin(~30.36)] 107 - 3

= 622(10% = & YRS

Therefore 6,, = —15.2° and 6,, = 74.8° Ans

Ya -
b wie G822

Yoz = 2[\/(20—'—2(—:1@ )z+ (? )2110"= -1484 (107%) Ans

& + &

: 520 + (-760)] 107

Eavg =

={ = ~120(107) Ans a

Orientation of Ymax
in-plane

- ~1520 ~ (~ Ans .
- - &) _ =[520 - (ZT60)) _ oo i’
Yoy -750

1an 26, =

L~ "\

6, = 29.8° and 6, =-60.2° éas d&' \: ) S, € dx !
) | 4 NP\
se Eq. 10- 6 to check the sign of ‘1;.'..:‘ . A

7—21;=-£'—%£lsin29+1—21c0529: =6, =298°

520 - (~760)
Yoy = 2[—___2(.___).

sin (59.6°) + :-72—5—0 cos (59.6°))10™ = - 1484 (10°°)
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10-9. The state of strain at the point on the spanner
wrench has components of e, = 260(10°°), €, = 320(10°9),
and  yy= 180(10°%). Use the strain-transformation
equations to determine (a) the in-plane principal strains
and (b) the maximum in-plane shear strain and average
normal strain. In each case specify the orientation of the
element and show how the strains deform the element
within the x—y plane.

a) ) Normal Strain and S hear strain: In accordance with the sign
In-Plane Principal Strain: Applying Eq.10-9, convention,
— ¢ 2 2 _ -
et [ () L) a (), -G
r 3 3
260+320 260-320\" (180
R EEINNTOS
2 ) 2
=290+94.87
€, =385(107) € =195(107%) Ans

Orientation of Principal Strain: Applying Eq. 10— 8.

s o Yoo 1BO00C)
o S e —E, T (260-3200(10%)

6,=-35.78° and 54.22°

Use Eq. 10 -5 to determine which principal strain deforms the element
in the x” direcuon with 8 = —-35.78°.

£, +E, &~ y
= Y+

E .=
. 2
20 260-32 y
=[¥+Tcos( 71569 + 20 sm( -71.56%) }(10 )
=195(10°%) =¢,
Hence, 6, =542° and 6, =-35.8° Ans

Py P2

b)
Maximum In-Plane Shear Strain: Applying Eq. 10— 11,

Tt _ (E_,—_S,)z+(7,,)
2 2 2

[ Z[Wi;ﬁ) (180] j( 10°%)

=190( 107%) Ans

2

Orientation of Maximum In-Plane Shear Strain: Applying Eq.10~ 10,

£, —€, 260-320 The proper signof ¥ .., can be determined by substituting 8 = 9.22° into
tan 26, = - == =0.3333 in-plane
Yoy Eq.10-6.
6,=9.22° and -80.8° Ans Yoo g, ~

“sin 26 + L2 cos 26
Yoy =[=(260—320)sin 18.44°+ 180 cos 18.44°] ( 10™*)
=190(107°)

Average Normal Strain: Applying Eq.10-12,

eavg = 2

£ +E, _[260+ 320

> ]( 10°°) =290(10*)  Ans
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10-10. The state of strain at the point on the arm has com- y
ponents €, = 250(107°), €, = —450(107%), v,, = —825(10°°).

Use the strain-transformation equations to determine (a) the
in-plane principal strains and (b) the maximum in-plane shear
strain and average normal strain. In each case specify the
orientation of the element and show how the strains deform

the element within the x—y plane.

£ =250(107°) &, =-450(10"%) 7, =-825(107%)

a)
& TtE €~ & 2 . Yy 2
Eya = b + (==
12 5 ‘/< S2) + () p y’
250- 450 250—(-450) 2 —825 2
= " \/( A0 Y + (B2 a0
2 2 2
& =441(10°°%)  Ans & =-641(10"°)  Ans .
N, 5
Orientation of €, and &; : ki
7 -825 ~F X
un29, = L4 = v .
& — &  250-(-450) - ! 248
I~
6, =-24.84° and 6, =65.16° &drsr " x!

Use Eq. 10- 5 to determine the direction of &; and &; :

Ep = &tE + .e_".:._i’.cgsza + 7_"511‘29
2 2 2
6=0, =-2484°
250-450 250~ (~450 - - -
& =1 T ( )cos(—-49.69°)+-§-2-2—5-sin(—49.69°))(10 %) = 441(10°%)
Therefore, 6, =-24.8° Ans 0p2 =652° Ans

b)

Ymax
ia-plane = Ex — &, 2 Yay 2
2 \/ ( 3 ) + (—-L2 )

) -‘;l.lll': = 2[ J(E&%ﬂ)z * (.-—82?2)2 ](lo—é) - log(lo_’) Ans

(5

&t 250-450

Eavg 3 (—T—)(10'°)=-1oouo") Ans
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10-11. The state of strain at the point on the fan blade
has components of €, = 250(10°°), €, = —450(10°%), and
Vay = —825(107%). Use the strain-transformation equations
to determine (a) the in-plane principal strains and (b) the
maximum in-plane shear strain and average normal strain.
In each case specify the orientation of the element and show
how the strains deform the element within the x—y plane.

a) .
In-Plane Principal Strain: Applying Eq.10-9, Normal Strain and S hear Strain: In accordance with the sign
convention,

£, =250(107°) g, =-450(10°) vy, =-825(10"°)

2
=-100x540.98

_{250“'450) -

[1250- (=450 (-825|
(== ]*(TjJ(‘OG)

g, =H1(107) £, =-641(107°) Ans
Orientation of Principal Strain: Applying Eq.10-8,

vo, - 1o ~825(10°) A
26 = = =-1.17
B T e e, T (250 (<450)) (10%)

6p=-24.84° and  65.16°

Use Eq. 10 -5 to determine which principal strain deforms the element X
in the x” direction with 6 = —24.84°.
£, :E'_*.E‘_ E‘__E‘LCOS 26 +Zi’_5'm 26 X
2 2 , "
250+ (-450) 250-(-450 -825 | _

=[ (2 U (2 ) cos (~49.68°) + ——sin (—49.68")]( 10°) kg

=441(107°%) = ¢,
Hence, 6, =-248 and 6, =65.2° Ans é?dL — <

SRV ,
o’ ‘\ Ear’,d-ll 22
AT
b) T_rm
Maximum In-Plane Shear Strain: Applying Eq.10-11, 'Eghu.
Y

1o e _ (e, -¢, )1(7“ )2
2 2 2
~ 250 (-450)\* (-825V\*|,
Y max —ZW(———Z }*LT) }(10 )

1o-plane

=1082(107°) Ans

Orientaticn of Maximum In-Plane S hear Strain: Applying Eq.10- 10,

The proper signof ¥ ,, can be determined by subsututing 6 = 20.2° intc

€ -, 250~ (=450} 0 "piaae
tan 26, = - » = YT =0.8485 Eq.10-6.
Yoo £, —E, . Yxy
6, =20.2° and -69.8° Ans —— == 3 ~sin 260 + 5-cos 20
* 2

Yery = {=[250-(~450)] sin 40.3°+ (-825) cos 40.3°}( 10°°*)
=-1082(107°)

Average Normal Strain: Applying Eq.10- 12,

£,

_ & +E, [250+(-450)
avg - 2 - 2

]( 10°) =-100(10°)  Ans
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*10-12. A strain gauge is mounted on the 1-in.-diameter
A-36 steel shaft in the manner shown. When the shaft is . 1min. 27rad
rotating with an angular velocity of @ = 1760 rev/min, w=(1760rev/mm)(g.Tse—c)( 1rev ) = 184.307 rad/s
using a slip ring the reading on the strain gauge is

€ = 800(10°%). Determine the power output of the motor. £ =8 =0
Assume the shaft is only subjected to a torque.

= .e_x_is_y.-‘..e_".icos 20+ Zﬂsm 26
2 2 2

'

800(10°) = 0+0+ 1‘2'-’-sin 120°

Yoy = 1.848(107) rad

=G 7, = 11(10°)(1.848)(10™) = 20.323 ksi

T= Zf; 20323 = go'i;
J £0.5)*

T=3991Ib-in=33251b-ft
P=Tw-=0.332.5(184.307) = 61.3 Ib-ft/s=111 hp Ans.

10-13. The state of strain at the point on the support
has components of €, = 350(10°°), €, = 400(10°9),
Vay = —675(107%). Use the strain-transformation equations
to determine (a) the in-plane principal strains and (b) the
maximum in-plane shear strain and average normal strain.
In each case specify the orientation of the element and show
how the strains deform the element within the x—y plane.

a)
E.+E €. —E 7,
£14 = Y 4. f(E="5 2 (Y2
12 3 ( )2+ ( > )
350+400 , [350-400, —675
= + 2 —_ty2
2 \/( 7 ) (D)
£ =713(10°) Ans g =36.6(10°) Ans
an20, = Yoy - __~65
&~ (350-400)
6, =42.9° Ans
b)

(Yxy dmax = Ex—Ey ., Yay <2
2 V( 2 ) +(—2"')

(YX‘y')max - \/(350‘4(1)
2 2

.. 675,
) +(-———2 )

(y.\r'y')mlx = 677(10_6) Ans

Ex+€, _ 350+400
2 2

Eavg =

=375(10°)  Ans

tan 26, = ~Ex= &) _ 350-400
Yy 675

6, =-2.12° Ans
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10-15. Solve Prob. 10-2 using Mohr’s circle.

Construction of the Circle: In accordance with the sign conven'
e, =-400(10™), £, = 860(10™) and

Lee = 187.5(10°°) . Hence,

—4
Eavg = & ;E’ =(—902+—860)( 107°) =230( 107%)

The coordinates for reference points A and C are

A(-400. 187.5)(107%)  €(230, 0)(10™)

The radius of the circle is

R =(V(400+230)° +187.52 ) (10°*) = 65731 (10™°)
Ly’ - (657.315in 76.57%) (10°°)

Strain on the Inclined Element: The normal and shear <
Yoy = l279( 10_6) Ans

€, =(230-657.31cos 76.57°) (10™°) =77.4(10°)  Ans

strain (e,. and Y’Z'Y( ) are represented by the coordinates of point P
on the cucle. €, can be determined by calculating the coordinates of 6 6

_ . €, =(230+657.31cos 76.57°) (107™°) =383(107°) Ans
point Q on the circle.

#10-16. Solve Prob. 104 using Mohr’s circle.

Construction of the Circle: In accordance with the sign
convention, £, = 200( 10'6) ) Ey = 180( 10'6) , and

7;’ =-150(107%) . Hence,
fay = = ;’er =(20'+’80)( 107) = 190( 10°)

The coordinates for reference points A and C are

A(200, =150) (107°)  C(190. 0)( 10™°)

The radius of the circle is

R = (V2001907 + 1502 )(10) = 150.33( 10™*) & = (190+150.33c05 26.19°) (10™°) =325(10™°)  Ans

Strain on the Inclined Element: The normal and shear 7’2'" = —(150.33sin 26.19°)( 10—6)
. Yery
. and L) i i i
strain (e, an 3 are represented by coordinates of point P Yoy = _]33( 10 6) Ans
on the circle. £, can be determined by calculating the coordinates of
point @ on the circle. €, =(190~150.33cos 26.19°) ( 107°) =55.1(10°°)  Ans
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10-17. Solve Prob. 10-3 using Mohr’s circle.

Construction of the Circle: In accordance with the sign
convention, &, = 200( 10'6), g, = 180( 107), and

¥y
7;" =-150(107%) . Hence,
N
. £y = = ;E' = (20%;180)( 10*) = 190( 107)

The coordinates for reference points A and C are

A(200, -150)(10°)  C(190, 0)(107°)

The radius of the circle is X;'ﬂ ’
2
R = (Y200- 190 + 150 ) (10*) =150.33( 10°*)
Strain on The Inclined Element: The normal and shear
v . . 200
strain &(ex, and 14 J are represented by coordinates of point P 5 £:/50.33
A
on the circle. £, can be determined by calculating the coordinates of 236
point @ on the circle. 20" 8649\ q |150
—] t ¢ lo
£, = (190-150.33c0s 26.19°) (10°°) =55.1(10°)  Ans Zan €w™)
PN\Y-219
Ter - (150.335in 26.19°) (10°%)
2
Yoy =133(107) Ans 190
%-(/0“)
€, = (190+150.33cos 26.19°) (107°) =325(10°°)  Ans
10-18. Solve Prob. 10-5 using Mohr’s circle.
Construction of the Circle: In accordance with the sign
convention, €, = 500(107°), &, =350(107), and
12— =-215(107) . Hence,
£ +E 500+ 350
£y = 22 Er =(___)( 10°) = 425(10°)
2 2
and coordinates for reference points A and C are
A(500. =215)(107°) €425, 0)( 107°)
The radius of the circle is
R=(Y(s00-4257 +2152 ) (10) =227.71(10°)
. . Y
Strain on the Inclined Element: The normal and shear % !
strains (s,- and Yoy ) are represented by the coordinates of point P
Soo
on the circle. £, can be determined by calculating the coordinates of é}’d,'
point Q on the circle. \ti
€, =(425+227.71cos 10.77°) (107°) = 649(107°)  Ans 7 ¥
I’ K
Yeu . -6 " }\ / .
S =-(227.71sin 10.77°) ( 107°%) El X/ /30
oy =—-85.1(107 Ans
7 (107) Exdx’ X 425
= - °)(107%) = -6 ¥
£, =(425-227.71cos 10.77°) (107°) =201(10°)  Ans 2%
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10-19. Solve Prob. 10-6 using Mohr’s circle.

Construction of the circle:

E_tE —
= :(12‘“; 180)](10-6):—30(10-6) Ans

m

The coordinates for points 4 and C are

P > & (io )
A(120, 75)(10%) C(—30, 0)(1H K %
The radius of the circle is :
1
] R = V61708

Rr=(J020= (5307 +757 §0*)=167.705G0"* )

In-Plane Principal Strain: The coordinates of points B and D represent _; and _»,
respectively.

e, =(-30+167.705){0°)=138G0°)  Ans
£, =(-30-167.705)§0 )=-198G0°)  Ans

Orientation of Principal Strain: From the circle,

tan26, = N - =0.500 20, =26.57°
120-(-30) '

6, =13.3° Ans

26, =180°-20, =153.43° clockwise

6 =-76.7° Ans

Pz__

Maximum In-Plane Shear Strain: Represented by the coordinates of point E on the

circle,
}/max
m-;‘a"e =-R= —167‘705@0_6)
- =_33560—6) Ans

in-plane
Orientation of Maximum In-Plane Shear Strain: From the circle,

120-(=30) _
75
0, =—31.7° 58.3°

tan 20, = 2
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#10-20. Solve Prob. 10-8 using Mohr’s circle.

y

a) g =520(10°) g = -760(10°) 7, = —750(10°°) ”—ZL = ~375(107%)

A (520, -375); C (-120, 0)

2
R = \/(520 + 120 ) + 3752 = 741.77

£ =74177 - 120= 622(10°) Ans 4 ‘
& =-120 - 741.77 = -862(10°%) Ans 27
KT 2.5°
375 Eandf X Cnug A’
@an20, = ——— = (), 4 ’ 9
= 20 + 520 08 .
Bimag
6, = 15.2° ‘ Ans - L)
D) Tmex = 2R = 2(741.77) A(520,-375)
in-plane .
< Ip. : o) Ewot)
N 26, 6,0
Ymax = - 1484( 10'.6) Ans (é‘! ) (4
in-plane
Eav, =-120 10_6 - ;
. (1(20 +)520 Ane X(w®)
tan 26, = ———_)= 1.7067
375
'
%
6, = 29.8° Ans 1
lad
S .
\ T de’
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10-21. Solve Prob. 10-7 using Mohr’s circle.

y

£, =850(10%) g, =480(10°°)  7,, = 650(10°°%) 2’%’- =325(10"%)

A(850,325)(10°%)  C(665,0)(10°%)

R =1/ (850 665) +3252](10°%) = 373.97(10°°)
£ =(665+373.97)(10°) = 1039(10°)  Ans ‘ Clé65,0) \ ¢,
& =(665-373.97)(10°%) =291(10%)  Ans & NS W)
LMW ¥, A (850, 325
T 2 (g (59,325
850 665
26, = 60.35° (Mohr's circle)
6, =30.2° (element) Ans ,
¥ }
. Ymax
m-gllu =R )
2 » ,/' \\\ X !
Edy’ !

Ymas =2(373.97)(107°)=748(10°)  Ans 2N /»\‘f/é'd"
in-plane X
Eavg =665(10°)  Ans

!
26, =90°-26, =29.65°  (Mohr's circle) 9 1
4
6, =—14.8° (element)
ém,d,' T
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10-22. Solve Prob. 10-9 using Mohr’s circle.

Construction of the Circle: In accordance with the sign
convention, £, = 260( 10'6) € = 320( 10'6) , and

Yo -
5 =90(107*) . Hence,

260+ 32
I =(6+3°)( 10°%) =200(10°)  Ans

EI\‘! B
The coordinates for reference point A and C are
A(260.90)(107°)  €(290. 0)(10™)

The radius of the circle is

R =(V/(290-260)* +902 ) (107) = 94.868( 10°)

In-Plane Principal Strain: The coordinates of points B and

D represent £, and €,, respecuvely. 29 |
1
€, =(290+94.868) (107°) = 385(10™°) Ans
R=
£, =(290-94.868) (107°) = 195(10™°) Ans 28, 54&
| ¢
P 8
Orientation of Principal Strain: From the circle, 90 26p,
/
26, = ——0 23000 26, =71.57° A&
727 290-260 e T 260 265
o Y -
26, =180°-26,, - @)
180°-71.57°
6, = —————— =54.2° (Counterclockwise) Ans

P

Maximum In-Plane Shear Strain: Represented by the
coordinates of point E on the circle.

y max

—;' =R=94.868(107°)

7 max = lgo( 10-6) Ans
in-plane

Orientation of Maximum In-Plane Shear Strain: From the

cicle,
an26, = 20720 _ 3333
T
6, =9.22° (Counterclockwise) Ans !
t
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10-23. The strain at point A on the bracket has components
€, = 300(107%), €, = 550(10°°%), y,, = —650(10°°), €, = 0.
Determine (a) the principal strains at A, (b) the maximum
shear strain in the x—y plane, and (c) the absolute maximum
shear strain.

A(20g-325)

/ O
y £ =300(10%) g, =550(10°) 7, =—650(10%) -7;—’ =-325(10%)
A A(300,~325)10°  €(425,0)10°
| X
o o R =[4/(425-300) + (=3252]10° = 348.2(10°%)
[ ]
. xl
» Z
£ = (425+3482)(10°) = 77310°)  Ans "
) £ =(425-348.2(10"°) = 76.8(10°)  Ans %s | &
Joax <2R= 2(3482)(10°°) = 696(10%)  Ans ﬁ(ﬁ
<)

Ly 7130076

2

P % =T73(10°°)  Ans

*10-24. The strain at a point has components of
€, = —480(10°°%), €, = 650(10°°), 7y,, = 780(10°°), and
€, = 0.Determine (a) the principal strains, (b) the maximum
shear strain in the x—y plane, and (c¢) the absolute maximum
shear strain.

| -850
i < e
390 | ®
A
E
480
v
— (0%
€min=-602, Emea®TT2
in =0
é. t é(m’b)
Yz
-z
Ll ¥
X, -
—2—(/0 ‘)

Construction of the Circle (x -y Plane): In accordance with the
sign convention, &, =-480(107*) , &, =650(107°),

and Zz_ =390( 107*) . Hence,
_E,+E, -480+ 650 6y _ 6
e = 25 _[—2 ]( 10) =850(10®)

The coordinates for reference points A and C are
A(=480.390)(107°)  €(85.0. 0)(10)

The radius of the circle is
R= (\/(480+ 85.0) + 3902)( 107°) = 686.53( 107°)

In-Plane Principal Strain: The coordinates of points B and
D represent £, and &, respectively.

£, =(85.0+686.53)(107°) =771.53(107°)
£, =(85-686.53) (107°) =-601.53( 107°)

Maximum In-Plane Shear Strain (x—y Plane): Represented
by the coordinates of point £ on the circle.

'}’A max

el - = 686.53(10°)

Y ma =1373(10) "
in-plaae

Three Mohr's Circles: From the results obtained above, the
principal strains are

Emax =772(107°) £, =0 £, =-602(10°)  Ans
Absolute Maximum S hear Stress:

Yabs = Emax ~ Emin
max

=[771.53-(-601.53)] (107°) = 1373(10°)  Ans
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10-25. The strain at a point on a pressure-vessel wall
has components of e, = 350(10°%), €, = —460(10°9),
Yy = —560(10°%), and €, = 0. Determine (a) the principal
strains at the point, (b) the maximum shear strain in the x—y
plane, and (c) the absolute maximum shear strain.

350
E
A
N
& 280
3 = > €Us®)
5540—»‘ e—
%(/0'6)
Eni 54T
L
I SN W

Construction of the Circle (x=y Plane): In accordance with the
sign convention, €, =350(107), g, =-460(107°),

Yev

and = =-280(10"*) . Hence,

£.. = =
2

£, +E, 350+ (—460)
avg = 2 ==

]( 107°) = -55.0( 10°)
The coordinates for reference points A and C are

A(350, -280)(107°)  C€(-55.0, 0)(107%)
The radius of the circle 1s

R= ( (350+55.0)% + 2301)( 107°) =492.37(107)

In-Plane Principal Strain: The coordinates of points B and
D represent £, and €,, respectively.

£, =(=55.0+49237) (107°) =437.37(107°)
€, =(-55.0-49237)(107°) = -547.37(10°)

Maximum In-Plane Shear Strain (x-y Plane): Represented
by the coordinates of point £ on the circle.

7

—;' =-R=-492.37(10"°)

Y max = —985( 10-6) Ans
10-plane

Three Mohr's Circle: From the results obtained above, the
principal strains are

s =437(10°°) £, =0 £, =-547(10°)  Ans
Absolute Maximum Shear Stress:
Yibs = Emax ~ Emin
=[437.37-(-547.37)] (107°) =985(10°)  Ans

10-26. The strain at point A on the leg of the
angle has components e, = —140(10°), €, = 180(10°°),
Yy = —125(10°%), €, = 0. Determine (a) the principal strains
at A, (b) the maximum shear strain in the x—y plane, and
(c) the absolute maximum shear strain.

£ = -140(107%) Yay

A(-140,-62.5)107°

£, =180(10°%) 3, =-125(10%)

C(20,0)10°

R = (/20— (-140))? + (~62.5)? )10 = 171.77(10°%)

a)
€ =(20+171.77)(10°%) = 192(10°%)
£ =(20~171.77)(10°) = -152(10°%)

Ans
Ans

b.c)
Tabs = Pmax = 2R =2(171.77)(10°%) = 344(107%)

max in-plane

Ans

22 = _62.5(107°
2 (107)

AC-140,

-625/)< R D;;:i

200 ¢ 0]

.

2
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10-27. The steel bar is subjected to the tensile load of 2 in.

500 Ib. If it is 0.5 in. thick determine the absolute maximum l

shear strain. £ = 29(103) ksi, v = 0.3. 500 1b 500 1b
-« —>

00 15 in.
=0 _500psi ©6,=0 o,=0
2(0.5)
£, = £(0,) = ——(500) = 17.2414(10°%) f
*TE YT 290109 ' pE
&
g, =€ =-VE, =-0.3(17.2414) (10™°) =-5.1724(10°°%) €0
€, §
£ =17.2414(10°%)  £,5 =-5.1724(10°)
Ju
Yavs = €1 — & =(17.2414~(=5.1724))(107%) =22.4(10°)  Ans
max
*#10-28. The 45° strain rosette is mounted on the surface
of an aluminum plate. The following readings are obtained a
for each gauge: €, = 475(10°%), ¢, = 250(10°°), and
€. = —360(10°). Determine the in-plane principal strains. 45
45°
]l S
Strain Rosettes (45°): Applying the equations in the text with g, = 475( 10‘6) .
€, =250(107), e, =-360(10"),6, =0°, 6, =~45°, and 6, = -90°,
475 (107*) = €,cos’0° + £, 5in?0° + ,, sin 0° cos 0°
e, =475(10°°)
250( 107%) =475 (107°) cos*(=45°) + &, sin’ (=45°) + ¥, sin(-45°)cos(~45°) 475
250(107%) =237.5(107°) +0.5¢, - 0.5 7,,
0.5e, ~0.57,, =12.5(10°) (1 ,\ff”" A
Qe ll%;
-360(107°) =475 (107°) cos?(=90°) + £, 5in*(=90°) + 7, sin(~90°)cos(~90°) k) c 5 Ew®)
&, =-360( 10°)
FromEq. (1], 7, =-385(10°) ~ k3575
Therefore, e, =475(10°) £ =-360(10°) v, =-385(10") v
—(10*)
Construction of the Circle: With 12—’ =-192.5(10") and
£ t+E 475+ (~360)\, -
Eop == r:( > )(106)=57A5(10 )
The coordinates for reference points A and C are
A (475, - 192_5)( 10-6) C(57.5. 0)( 10~6) In-Plane Principal Strain: The coordinates of points B and
D represent £, and &,, respectively.
The radius of the circle is
€, =(57.5+459.74)(10*) =517(10°) Ans
R= (./(475 -57.5) +192.52)(10°) = 459.74( 10°) €, =(57.5-459.74) (10™*) = -402( 10™) Ans
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10-29. The 60° strain rosette is mounted on the surface of

the bracket. The following readings are obtained for each S
gauge: e, = —780(10°%), €, = 400(10°%), and €, = 500(10°°).
Determine (a) the principal strains and (b) the maximum b
in-plane shear strain and associated average normal strain. (Y
In each case show the deformed element due to these strains. c
60°. >
a
60° o
=
Strain Rosettes (60°): Applying the equations in the text with
= -6 - -6 -
£, =~780(107), &, =400(107°) , e, =500( 107*) , 6, = 0°, 780
6, = 60° and 6, = 120°, | £
R=822-03
- 28
€ =£,=-780(10")
x a 2
577354 * "
> 2 5 W)
1 28,
€, =§(25b+256—ea) fu
1
= £[2(400) +2(500) - (=780)] ( 10™°
3 ( )] ( ) g |*—4o~a
=3860(107°) Y
- 0%)
yn =;r—(eb_£() 7‘
V3
2 -6
= ﬁmoo—soo)( 107°)
=-115.47(107%)
Construction of the Circle: With e, =-780(10°), €, =860(107°),
and 75" = -57.735(10°°) .
g, +€, (—780+860
Eag = =5 =(———2—-—)( 107°) =40.0(10°)  Ans
The coordinates for reference points A and C are
A(-780, -57.735)(10°°)  €(40.0, 0)(10™°)
The radius of the circle is
R=(V/(780+40.0)" + 577352 ) (10°°) =822.03(10°)
a) b)
In-Plane Principal Strain: The coordinates of points B and Maximum In-Plane Shear Strain: Represented by the
D represent £, and £, respectively. coordinates of point £ on the circle.
B . 7 ma ]
£, =(40.0+822.03)(107°) =862(107°) Ans _;l_ = -R =-822.03(107°)
_ Q9 -6 -_ -6 -
£, =(40.0-822.03)(107°) =-782(10°°)  Ans Y o =-1688(10°) Ans
10-plane

Orientation of Principal Strain: From the circle,
Orientation of Maximum In-Plane S hear Strain: From the

20, = 227 007041 26, =403 cucle.
ETe T T804 a0 R
_TB0H40 e
26,, =180°-26,, wn s =Syaas
180° — 4.03° i . )
6, = — =88.0° (Clockwise) Ans 6, =43.0° (Clockwise) Ans
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10-30. The 45° strain rosette is mounted near the tooth
of the wrench. The following readings are obtained for each
gauge: e, = 800(10°%), e, = 520(10°°), and €. = —450(10°°).
Determine (a) the in-plane principal strains and (b) the
maximum in-plane shear strain and associated average
normal strain. In each case show the deformed element due
to these strains.

Strain Rosettes (45°): Applying the equations in the text with £, = 800( 10‘6) ,
€, =520(10"%), e, =-450(107%), 6, = -135°, 6, = ~90° and 6, = ~45°,

520(107°) = g, cos® (=90°) + £, sin’ (=90°) + 7, sin(=90°) cos(-90°)
g, =520(10°)

800(107°) = £, cos’(~135°) +520( 10°°) sin’(=135°) + ¥, sin(~135°)cos(~135°)
540(107°) =0.5¢, +0.57,, ]

|
T
W

=450(107°) = g, cos™ (=45°) +520( 10°®) sin” (-45°) + 7, sin(=45) cos(~45°)
-710(10°) =05¢,-05y,, (2]

Solving Egs. (1] and [2] yields g, =-170( 10'6) Vey = 1250( 1()_6) €ao

Construction of the Circle: With e, =-170( 10®) , £, =520(107*), and
Yay

2

=625(107),

~170+520
Eug == ;E’ =(7—2+———)( 10°) =175(10°)  Ans

The coordinates for reference points A and C are
A(-170, 625)(10°) €175, 0)(10°%)
The radius of the circle is

R =(V(170+175) +6252 )(10°°) =71390( 10°)

a)
In-Plane Principal Strain: The coordinates of points B and
D represent €, and €,, respectively.

€ =(175+713.90)(107°) = 889( 10°) Ans o
€ =(175-713.90) (107°) = -539(10°) Ans

Orientation of Principal Strain: From the circle,

26 625 1.8118 26, =61.10° &f}f ; )
tan = —_— =1, =61.1
» = 170+ 175 2 e )
éavzdx'
26, =180°-26 g
(0 P2 —ﬁ&
180° - 61.10° ) 2z
6, = — =59.4° (Counterclockwise) Ans
b)
Maximum In-Plane Shear Strain: Represented by the Orientation of Maximum In-Plane Shear Strain: From the
covrdinate of point £ on the circle. circle,
)'mf.rl:" » 20 = 170+175 0.552
et = R =713.90( 10°°) e = Tgs T
=1428( 107 A
y,nf"p‘,’;u ( ) ns 6, = 14.4° (Counterclockwise) Ans
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10-31. The 60° strain rosette is mounted on a beam. The
following readings are obtained from each gauge: €, =
150(10°°), €, = —330(10°°), and €, = 400(10 %). Determine
(a) the in-plane principal strains and (b) the maximum in-
plane shear strain and average normal strain. In each case

£ +E, (—253.33+400
€., = =
R 2

)( 10°%) =733(10°)  Ans
Coordinates for reference points A and C are
A(-25333, -=277.13)(10°°) (7333, 0)(107")

The radius of the circle is

R=(1(25333+73.33)° +277.13¢ ) (10°%) = 428.38(10°)
a)
In-Plane Principal Strain: The coordinates of points B and
D represent £, and £,, respectively.

€, =(73.33+428.38)(107*) =502(107) Ans
£, =(73.33-428.38) (107*) =-355(10°) Ans

Orientation of Principal Strain: From the circle,

277.13

= ———————— =().8484
Pz 253.33+73.33 848

tan 26, 26, =40.31°
26, =180°-286,,
_180°-40.31°

b, =69.8° (Clockwise) Ans

b)
Maximum In-Plane Shear Strain: Represented by the
coordinates of point £ on the circle,

7 max

o2l <R = -42838(10°)

Y max T —857( 10—6) Ane
1o-plaoe

| |.

I T

i

show the deformed element due to these strains. b
60°
30°
Strain Rosettes (60°): Applying the equations in the text with €, = 150( 10'6) , 30°
€, =-330(107%), e, =400(10°), 6, =-30°, 6, = 30° and 6, = 90°, a
400(107°) = £,cos*90° + £, 5in’90° + ¥, 5in90° c0s90°
€, =400( 10°%)
400( 107°) =€, cos*90° + £, 5in*90° + 7, 5in90° c0s90° 25332
€, = 400( 10'6) R=428-38 IS
\-4
Al T2
-6 2 -6 2
150(107°) = £,cos*(=30°) +400( 10™) sin*(=30°) + 7,, sin(=30°)cos(~30°) 27703 3 265,
50.0(10) =075 ¢, —0.4330 ,, 0 ¥ L )
.D 29& -
-330(107°) = €, cos*30° +400( 10°*) 5in*30° + 7, 5in30°cos30°
-430(107%) =0.75¢, +0.4330 7,, (2] = 7333
Construction of the Circle: With €, = -253.33(10°°), ¢, =400( 10™*) . and e
___</0-‘
7‘2’ =-277.13(107) 210
e

Orientation of Maximum In-Plane Shear Strain: From the

circle.

253.33+73.33

6, = = 11788
277.13

4.8° (Clockwise) Ans

2
I
[§)
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*10-32. The 45° strain rosette is mounted on a steel shaft.
The following readings are obtained from each gauge:
€,=800(107%), €5 = 520(107%), e, = —450(107°). Determine
the in-nlane orincinal strains and their orientation.

€, =80000™) & =520(10°) & =-450(10") /< A5
6, = -45° 6, =0° 6, =45° \<

*

]

45°
€5 = £,C087 0 + £, sin* 6, + ¥y Sin6y cos 6,
520(107%) = £,c05%0° + £, 5in*0° + 7,, sin 0° cos 0°
£, = 520(10°%)
Ea = £,C0S° 0, + €, Sin” B, + Vs, 5iN6, 05O,
800(107°) = £,c0s”(—45°) + £, sin” (~45°) + ¥, sin (~45°) cos (~45°)
800(107°) = 0.5¢, +0.5¢, —0.57,, )

A -
Ec = £,C05° B, +£,sin’ O, + 7y, sinf, cosb, (930, 625)
~450(107%) = £,c0s%45° + £, 5in’45° + 7,, sin 45° cos 45° R
-450(107%) = 0.5¢, +0.5¢, +0.57,, @ (&,0) w5 \€,0)
\ cvis,e) Ew*)

¢

Subwact Eq. (2) from Eq. (1)
1250(107°) = -,
Yey =~1250(107%)

£, =~170(10"%) ¥
Yy 4
Yo o 625010 46’4 J
2
A(520,~625)10°  €(175,0)10°° g’
R = [/(520- 175)* +6257] 107 = 713.90(10"°) 1 54y
4
& =(175+713.9)10" = 889(10°°)  Ans 7’.(
£2 = (175-713.9107° = -539(10%)  Ans NN
625 ; "
un 26, = ——r ! z 4
’ T 520-175 \y& )49,-50-4
28, =61.1° (Mohr's circle) €y -
74 ’
8, = ~30.6° (clement)  Ans x
10-34. For the case of plane stress, show that Hooke’s law
can be written as
E E
oy = m(e)C + vey), oy = —(1 — vz) (€y + vey)
Generalized Hooke's Law: For plane stress, o, = 0.
Applying Eq. 10-18,
1
€, =I-5(c,—vc,)
vEe, =(o, -V o'y) v Substituung o, o Eq. [2)
VEe, =v o, -V o, n
Ee, =-vo, + (ve +e,)
1 y x £y x
ey:z_(o'y—vo;) 1-y2 ’
Eg, =-vo +o0, (2) E(V€,+€,) Ee
S — )
Adding Eq. (1) and Eq.{ 2] yields, vid-vh v
. _Eve +Ee -Ee +Ee V'
vEevae\.=cr,—v'c'y - v(l-v2)
E
o, = l—V:(VE"+€") (Q.E.D.) =_l_vz(€, +ve,) (Q.ED.)
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10-35. Use Hooke’s law, Eq. 10-18, to develop the strain-
transformation equations, Egs. 10-5 and 10-6, from the
stress-transformation equations, Eqs. 9-1 and 9-2.

Stress wansformation equations:
6, + 0, Oy~ 0O

o, = > + ) cos 260 + 1,, sin 26 ¢V
Ty = EL:2—3!- sin 26 + 7., cos 20 @
o, = O ; 9 _ % ; % cos 26 — T, sin 28 3)
Hooke's law:

g = = ‘;"' * -gz )

Ty = GYy ©)

From Eqgs. (4) and (5)
(1 ~v)(o; + o)

&+ & = E ®
(1 +v)o, - g,

- g - N0 ®

From Egs. (6) and (7)

- £ (10)

- 2(1 + v)y"

From Eq. (4)
Oy v o,

Ef = ~— =~ X 1
E E an

Subsdmte Egs. (1) and (3) into Eq. (11)
“ = V)(ax + ay) + (l +V)(G’, - ay)

& = 2
E cos 20
I+ V)1, sin2
( )T, sin 28 12)

By using Egs. (8), (9) and (10) and substitute into Eq. (12),

E + € -
6= =225, fi'—-2-—£1c0529+ Z;—’SMZO QED

2
From Eq. (6),
E
Ty = G Yy (13)

T Iden

Substipute Egs. (13), (6) and (9) into Eq.(2),

E E(e; ~ &) . £
Yiy =~ 2
TR S0 +2(Hv)‘rncosze
'y’ € ~ . X
72: = - L 8) g, Z-zlco.SZG QED
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*10-36. A bar of copper alloyisloaded in a tension machine
and it is determined that €, = 940(10°°) and o, = 14 ksi,
o, =0, o, = 0. Determine the modulus of elasticity, F,,
and the dilatation, e, of the copper.v., = 0.35.

1
& = —| 0y~ V(O) + O,
E[ (oy +0)]

940(10°%) = EL[14(103)~0‘35(0+0)]

cu

E, =149(10°)ksi  Ans

1-2v 1-2(0.35) -3
ey = ———(0y+ 0, +0;) = ————=(14+0+0) = 0.282(10 Ans
E ( v+ ) 14.9(103)( ) 1o

10-37. The principal plane stresses and associated strains
in a plane at a point are o = 36ksi, o, = 16Xksi,
€1 = 1.02(1073), ; = 0.180(1073). Determine the modulus
of elasticity and Poisson’s ratio.

o3 =0

£ = %lcx - V(07 +03)]

1.02(107%) = é[sa- v (16)]
1.02(107%)E = 36— 16v )

1
£ =E[02‘V(0'1 +03)]

0.180(10°%) = %[16— v (36)]
Solving Egs. (1) and (2) yields:

0.180(10*)E = 16 - 36v %)) E=307(10°)ksi  Ans
v =0.291 Ans

10-38. Determine the bulk modulus for hard rubber if
E, = 0.68(10%) ksi and v, = 0.43.

Bulk Modulus: Applying Eq. 10-25,

E _ 068(10°)

k= = =1.62( 10%) ksi
3(1-2v)  3[1-2(043)] (10°) ksi Ans
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10-39. The principal strains at a point on the aluminum
fuselage of a jet aircraft are e; = 780(10°°%) and
€, = 400(10°%). Determine the associated principal stresses
at the point in the same plane. E, = 10(10%) ksi, v, = 0.33.
Hint: See Prob. 10-34.

Plane stress, o3 =0

Use the formula developed in Prob. 10- 34.

E
o = : (&1 +Vey)

)

10(10%)

= TToan 8 107%)+0.33(400)(10°%)) = 10.2 ksi Ans

oy = l_v2(52+V51)
10(10%)

037 (400(10™%) + 0.33(780)(10°%)) = 7.38 ksi Ans

*10-40. The rod is made of aluminum 2014-T6. If it is

subjected to the tensile load of 700 N and has a diameter of ¢ )
20 mm, determine the absolute maximum shear strain in the
rod at a point on its surface.

Normal Stress: For uniaxial loading, o, = g, =0.

- 6\ _
- 73.1(109)[2.228( 10°) 0]

=30.48(10°)

!
€ = E[U’ -v(o, +0,)]
- ! 6
= m[o-o.ss(z‘zzs( 10°) +0) |
=-10.67(10°)

!
£, =z-[°'z“’(°'x+0y)]
- 1 6
-W[O—oss(z.zzs( 10°) +0) |
= -10.67(10°)

Therefore.

Eman =30.48(107°) g, =-10.67(107°)

Absolute Maximum S hear Stress:

Yabs = £mlx - emm
max

=[30.48-(-10.67)](107°) =41.1(10°)  Ans
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10-41. The rod is made of aluminum 2014-Té6. If it is

subjected to the tensile load of 700 N and has a diameter of 70l0 NE — 700, N
20 mm, determine the principal strains at a point on the S
surface of the rod.

Normal Stress: For uniaxial loading, o,=0,=0
0, =—=———=2228MPa
3
Normal Strains: Applying the generalized Hooke's Law,

1
€ =E[o’ —v(ay+0':)]
1 6
= [222 -
73.1(109)[2'2 8(10%) -0]
=30.48( 10°)

€ = %:[o-y —v(o, + 6:)]
o
T 73.1(109)
=-10.67(10°)

[0-035(2228(10°) +0) |

1
€, =;:[az-v(ax+oy)]
1
T 73.1(10%)
= -1067(10°)

[0-0.35(2.228(10°) +0) ]

Principal Strains: From the results obtained above,

= 3045( 10_6) £1nl = Eﬂ’lln =_10.7( 10-6) Ans

£max

1042. A rod has a radius of 10 mm. If it is subjected to an
axial load of 15 N such that the axial strain in the rod is
€, = 2.75(10°°), determine the modulus of elasticity E and
the change in its diameter. v = 0.23.

G, = —— = 47746kPa, G, =0, 0 =0
7 (0.01)2

1
£ = — [0, — v(o, + G,)
E[ y z]

2.75(10°%) = l-f:[47.746(103) - 0.23(0 + 0)]

E = 17.4GPa Ans
g =& = —VE, = —023(2.75)(10°%) = —0.632(10°°)

Ad = 20(~0.632(107%)) = —12.6(10%) mm Ans
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1043. The principal strains at a point on the aluminum
surface of a tank are €; = 630(10°°) and e, = 350(10°%). If
this is a case of plane stress, determine the associated
principal stresses at the point in the same plane.
E,= 10(103) ksi, v, = 0.33. Hint: See Prob. 10-34.

For plane stress 03 = 0.
Use the formula developed in Prob. 10 - 34.

E
o, = ——*(51 + ver)

1 -2
1 *) _ ~
= Iﬂéo—mo (107°%) + 0.33 (350)(10™%)]
= 8.37 ksi Ans
o, = >(&2 + VEy)
1 - v?
10 (10%) _ _
= —1——-—(6(—)—[350(10 %) + 0.33 (630)(107%)]
= 6.26 ksi Ans
*10—44. A uniform edge load of 500 Ib/in. and 350 Ib/in. is 350 Ib /in
applied to the polystyrene specimen. If the specimen is P v v = o U

originally square and has dimensions ofa = 2in.,b = 21in,,

and a thickness of ¢ = 0.25in., determine its new - > '
dimensions a’, b’, and (' after the load is applied. - 5001b /in.
E, = 597(10°) psiand v, = 0.25. < >
a=72in. = >
Normal Stresses: For plane stress, o, = 0.
Y ¥ Y Y
500 ) 350 . b=2in.
0’1=675=2000p81 o'y=E=l400p51 F ‘4
Normal Strains: Applying the generalized Hooke's Law,
& = l[ -v(o,+0, )]
*E
= ————[2000-0.25(1 +
597(103)[ 0.25(1400 + 0)]
=2.7638(107)
1
g = E[G’ -v (0o, +0,)]
= ————[1400~-0.25 (2000 + O
597010 (2000 + 0)1
= 15075 ( 1 0-3) The new dimensions for the new specimen are,
1 ( ) a’=2+2[1.5075(107°) ] = 2.00302 in. Ans
g, ==lo,~v(o. +o
K ] b =2+2[27638(10") ] = 200553 in. Ans
= So7 (105 0~ 0-23(2000+ 1400)] r'=025+0.25[-1.4238( 107) | = 024964 in.  Ans

=-14238(107)
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10-45. The principal stresses at a point are shown. If the
material is graphite for which F, = 800 ksi and », = 0.23,
determine the principal strains.

Normal Strains: Applying the generalized Hooke's Law with
o, = 10ksi, 0, =-15ksi, and 0, = =26 ksi.

1
€, =E[a‘ -v (c’+cl)]
1
=—[10-0.23(-15-26
200! ( )]
=0.0242875

g, =%_[a, -v(o,+0,)]
1

= —[-15-0.23(10-26)]
800{ 3¢ )i

=-0.01415
1
£, = —b-_[o'l—v (o, +o,):|
1
=—[-26-0.23(10-15
800[ ( )]
=-0.0310625
Principal Strains: From the results obtained above,

£qa =00243 g =-001415 £, =-00311 Ans

min

26 ksi

15 ksi
10 ksi

10-46. The shaft has a radius of 15 mm and is made of L2
tool steel. Determine the strains in the x’ and y’ directions
if atorque 7' = 2 kN - m is applied to the shaft.

T 2 (10%) (0.015
£ = = ._(;__2.(.___2 = 377.26 MPa
J 7 (0.015%)
Stress - strain relationship :
Ty 37726 (105)

-3
& = TEeagy - 030007 rd

This is a pure shear case, therefore,

& =¢ =0

Applying Eq. 10- 15,

&, = £,c05°8, + £,sin°, + 7,,sin 6, cos 6,
Here 8, = 45°

£, =0+ 0+ 5.030(107)sind5°c0s45° = 2.52(107)

€y =&, =252(107)  Ans.
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10-47. The cross section of the rectangular beam is

subjected to the bending moment M. Determine an For line AB,

expression for the increase in length of lines AB and CD.The My My 12My

material has a modulus of elasticity £ and Poisson’s ratio is ». 0 =~ T =" Lpps =" b h?
12

_vo, _ 12vMy

E  EbW
4 12vM 2
_ 2 — 2
ALAB—j g d bR 0yy
- 3vM Ans
2Ebh
For line CD,
- _~Mc_nM% _ _6M
‘ 1 Lbh b
e = V% _ 6vM
* E Ebh
6vM
ALcp = € Lep = Eb—hz(b)
= M Ans
E n?

*10—48. The spherical pressure vessel has an inner diameter
of 2 m and a thickness of 10 mm. A strain gauge having a
length of 20 mm is attached to it, and it is observed to increase
in length by 0.012 mm when the vessel is pressurized.
Determine the pressure causing this deformation, and find the
maximum in-plane shear stress, and the absolute maximum
shear stress at a point on the outer surface of the vessel. The
material is steel, for which £y = 200 GPa and vy = 0.3.

Maximum In - Plane Shear Stress (Sphere's Surface):
Mohr's circle is simply a dot . As the result, the state of stress

Cr 1000 _
Normal Stresses: Since P 100> 10, the thin wall is the same consisting of two normal stresses with zero shear

analysis is valid to determine the normal stress in the wall of stress regardless of the orientation of the element
the spherical vessel. This is a plane stress problem where g,,;, =0
since there is no load acting on the outer surface of the wall. T pax =0 Ans
ias-plane
r 1000,
Omazx = Oint =1’27“ = Eéﬁ‘(?)—) =50.0p (1] Absolute Maximum S hear Stress:
Omax = Omia _ 171.43-0
Normal Strains: Applying the generalized Hooke's Law with Ty = —= 3 D= 3 =857MPa  Ans
0.012 _ max

€pax T Einc = =T 0.600( 10 3) mm/mm,

Gt =1T143+ P

1
Emax = E[dmtl =V (Gip + Oin) ]

1

]

. = —————[50.0p-0.3(50.0p+0 DM

0.600( 10°*) 2000157 (3000~ 0:3(500p + 0] Fo)
p =3.4286 MPa = 3.43 MPa Ans fg&*

FromEq.[1]  Gp,; = Oy = 50.0(3.4286) = 171.43 MPa
TP )
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10-49. A rod has a radius of 10 mm. If it is subjected to an
axial load of 15 N such that the axial strain in the rod is
€, = 2.75(107%), determine the modulus of elasticity £ and P 15

the change in its diameter. v = 0.23. %= AT ro0n) 41.746 kPa

Normal Stresses: For uniaxial loading, o, = 0, =0.

Normal Strains: Applying the generalized Hooke's Law,

1
£, =E[crx -v(o, +o':)1
6y _ | 3
2.75(10°) = 2[47.746( 10) -0]
E=1736GPa=17.4GPa Ans

€, = -ve, =-0.23(2.75)(10°) = -0.6325( 10™°)
Then.
8d=€,d=-0.6325(10"°) (20) = 12.65(10°) mm  Ans

10-50. A single strain gauge, placed in the vertical plane
on the outer surface and at an angle of 60° to the axis of
the pipe, gives a reading at point A of e, = —250(107°).
Determine the vertical force P if the pipe has an outer
diameter of 1 in. and an inner diameter of 0.6 in. The pipe is
made of C86100 bronze.

Internal Forces, Torque and Moments: As shown on FBD.

Section Properties:

I

Z

n n 3 .
=1, = Z(0.5 -03') =0.01367 in*

J= g(o,s‘ -03*) =002727 in*

(Q), =EyA’
4(0.5)r1 1 403)ri 2\ 1
=— = .5 - X
37 {2”(0 )52 [2”(03 ]
=0.06533 in’
. . My
Normal Stress: Applying the flexure formula o= -—=,
£
-8.00P(0)
Oy =———————— =
00136

Shear Stress: The ransverse shear stress in the y directon and
the torsional shear stress can be obtained using shear formula and

Vo Tc i
torsion formula. 1y = 7 and 7, = v respectively.

(7)), = (7)), + Tt
_ p(0.06533) 6.00P(0.9)
T 0.01367(2)(02) 002727
=38.93p

Strain Rosettes: For pure shear, €, =€, =0. Applying
Eq.10-15 with £, = -250( 10™®) and 6, = 60°,

0.5 "
-250( 107®) =0+0+ 7, sin 60°cos 60° s A
Yoy ==577.35(107°) 05 i
Shear Stress and Strain Relationship: Applying Hooke's
Law,
( tx)'),g = GY‘)
-38.93P = 5.60( 10°) [-577.35(107*) ] I 1
— 3893p

P =0.08305 kip=83.0Ib Ans
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10-51. A single strain gauge, placed in the vertical plane
on the outer surface and at an angle of 60° to the axis of
the pipe, gives a reading at point A of €, = —250(10°°).
Determine the principal strains in the pipe at point A. The
pipe has an outer diameter of 1 in. and an inner diameter of
0.6 in. and is made of C86100 bronze.

Internal Forces, Torque and Moments: As shown on FBD.
By observation, this is a pure shear problem.

Strain Rosettes: For pure shear, ¢, = £, =0. Applying
Eq.10- 15 with £, = 250( 10™) and 8, = 60°,

-250( 10°°) = 0+0+7,, sin 60°cos 60°
Yoy =—577.35(107%)

Construction of the Circle: In accordance with the sign convention.
e, =¢, =0 and % =-288.675(10°).

Hence.

The coordinates for reference points A and C are

A(0, -288.675)(107°) (0, 0)(107*)

o3 INn.

f 05 h
The radius of the circle is b4 k

R=(V/(0-0) +288.6752)(10°) = 288.675(10)

In- Plane Principal Strain: The coordinates of points B and
D represent £, and &, , respectvely.

£, =(0+288.675) (107°) =288.675( 10°%) gl
&, =(0-288.675) (10) = ~288.675(10°°) 288675 g
Q
Principal Stress: Since 0, = 0, = ¢, =0, then from the 'p C Ew®)
generalized Hooke's Law ¢, = 0. From the results obtained
above, we have
Eman =289(107°) £, =0 £, =-289(107°)  Anms r
z %)
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*10-52. A material is subjected to principal stresses o, y
and o,. Determine the orientation 6 of a strain gauge
placed at the point so that its reading of normal strain
responds only to o, and not o,. The material constants are
Eandv.

o

0.+ 0, O —

o, + &= o520 + T,y sin 20
2 2

Since 1,, =0,

O, +0, O;—0.
Op = —2L 4+ %2 cos 26
2 2

cos 20 =2 cos’ 6~ 1

Oy Oy 2 Ox Oy
O, =—+—=4+(0,—0,)cos - — +—=
=5t (0, - 0y) D
2 2
=06, (1— cos"0) + 0, cos” 0
= Oy cos’ 0+ oy sin’@
Opn4+90° =g.x_ﬁ—1‘_:.£&(;0529
2 2
o, O, ,O;—0y 2
==+ - (—=——2)(2cos"0-1)
2 2 ¢ 2 )
O, O, O, O
=—=4+2_(0,~0,)c0s 0+ =~ 2
2 2 2 2

= 0x(1 - cos? 0)+ o, cos’6

= 0, sin’6+ g, cos’ 6

1
&y = E(Gn -V o'n+90°)

(0, cos26+o',sin29— Vo, sin’6- v o, cosze)

&y |

If €, is to be independent of o, then
cos’@-vsin*=0  or tan’6=1/v

0= (an"(-L—) Ans

Jv
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10-53. The principal stresses at a point are shown in 26 ksi
the figure. If the material is aluminum for which

E, = 10(10% ksi and »,, = 0.33, determine the principal

strains.

1 1 y
& = 5(0:= V(0 + 02)) = o (10-0.33(-15-26)) = 235(10 )  Ans \
15ksi
1 1 _ 3 10ksi
& =20 -V +0) = (~15-033)(10-26)) =-0.972(10)  Ans

10(10%) ‘

1 1 _
£ = -E(O'z - V(0x+0y)) = m(—-26-—0.33(10— 15)) =—2.44(10"°)  Ans

10-54. A thin-walled cylindrical pressure vessel has an
inner radius r, thickness ¢, and length L. If it is subjected to
an internal pressure p, show that the increase in its inner
radius is dr = re; = pri(l — %V)/Et and the increase in
its length is AL = er(% — v)/Et. Using these results,
show that the change in internal volume becomes
dV = mr¥(1 + €)*(1 + ;)L — 7r*L. Since €; and ¢, are
small quantities, show further that the change in volume per
unit volume, called volumetric strain, can be written as
dv/V = pr(25 — 2v)/Et.

Normal stress :
Lo Pr pr
== g, = —

oy
t 2t

Normal strain : Applying Hooke's law

51=';‘[01"V(0'2+03)]- oy =0

= == -y = (1~ -
E(: 21) Ex( i
pr 1
dr=€gr==—(1-=-=-vV ED
r=er E( 2) Q
1
&g =—[oy-v(G +03)], o3 =0
=lpr_ver,_prld _
E(l r) E:(z v
plr 1
AL = L= - -V ED
& EI(Z ) Q

V'=:r(r+£|r)2(L+£1L); V= zr2L

V=V -Varrt(1+6) (1+&)-xr'L QED

(146 ) =1+2¢& neglect e} term

(1+ g )z(l +E)~ (1+26 )1 +6) =1+ 6 + 2¢& neglect €, £, term

\4
i‘;=l+€z+2£|*l=£z+2€|

pr i 2pr 1
= (= =V)+—— (]~ =
Et 2 ) El( ZV)
=2l as-2v) QED
Et
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10-55. The cylindrical pressure vessel is fabricated using

hemispherical end caps in order to reduce the bending For cylindrical vessel:

stress that would occur if flat ends were used. The bending o =PI o, = P

stresses at the seam where the caps are attached can be T TS

eliminated by proper choice of the thickness {5 and ¢, of the

caps and cylinder, respectively. This requires the radial & = .l_[a‘ -v(o: + 03)] 03 =0

expansion to be the same for both the hemispheres and E

cylinder. Show that this ratio is 7./r; = (2 — v)/(1 — »).

Assume that the vessel is made of the same material and =1 L _YRry _PT 1 v)

both the cylinder and hemispheres have the same inner Er 2t Et 2

radius. If the cylinder is to have a thickness of 0.5 in., what is ,

the required thickness of the hemispheres? Take v = 0.3. dr=gr= !.;_‘f_ a- % V) )
L

For hemispherical end caps:

.
o =0y = 2L
t 24

g =—=[oy —v(o: + 03)]; c; =0

=L@r_very_ pr o _
E 24, 28 2Ey
2
pr
dr=¢gr= 1 -V 2
r 7 ZEt;.( ) )
Equate Egs. (1) and (2):
2 2
pr 1 pr
—(Q-=-V="—(0U-vV
Etc( 2) 2Et,.( )

21 -1 -
{c_=__(__z_")___2__l' QED
[ 1-v 1-v
o= LoVE _A-0DO _ on05  ams

2~v 2-~-03

*10-56. 'The A-36 steel pipe is subjected to the axial loading
of 60 kN. Determine the change in volume of the material
after the load is applied.

30 mm 40 mm Normal Stress: The pipe is subjected to uniaxial load. Therefore,

/ / N

60 kN [ K[ ] 60 kN 0, =0, =0ando, =+
Dilatation: Applying Eq.10~23.
1-2v

1%

v T E
6V_l—2vN)
A
5V

0.5m (o, +0,+0.)

E \A

—2vy
! ZVUZ)V However, V=AL
E \A

5v=(1_2v)~a
E

1-2(0.32) 3
=| ———"" |60y ( 10°) (0.
[Zoo(w,) }(6)( ) (0.5)
=54.0(107) m’ = 54.0 mm’ Ans
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10-57. The smooth rigid-body cavity is filled with liquid

Normal Strains: Since the aluminum is confined at its sides by a

6061-T6 ah}minum. When cooled it i§ 0.912 in. from the top rigid container and allowed to expand in the z direction, £, = £, =0;
of the cavity. If the top of the cavity is covered and the 0.012 ) _ '
temperature is increased by 200°F, determine the stress whereas £, = —— =0.002. Applying the generalized Hooke's Law
components oy, o,, and o, in the aluminum. Hint: Use with the additional thermal strain,

Eqgs. 10-18 with an additional strain term of «AT (Eq.4-4).
£ = %':O’X -v(o, +0'z)]+aAT

1

- _ -6
. 0= ———10_0“03)[@ 035( g, +0,) |+ 13.1(107°) (200)
0=0, -0.350, ~ 0350, +26.2 (1
s 1
0.012 in. €, = E[O'y -v(o, +0,)]+aAT
TS L NI, ~6
0=——[o, -035 )]+ 13.1( 107*) (200
\' l().O(lOJ)[a’ (o, +0)]+ ( ) (200)
4 IH~T 0=0, 0350, -0.350, +26.2 (2]

S L o

\J\ e:=é[c:—v(cx+ay)]+aAT
0.002 0.-035( 0, +0,) ]+13.1(10) (200)

_ 1
Y = 10.0(103)(
0=0,-0350,

H x

-0.350, +6.20 (31

Solving Egs.{1], [2] and [3] yields:

* o, =0,=-700ksi 0, =-552ksi Ans
10-58. The smooth rigid-body cavity is filled with liquid z
6061-T6 aluminum. When cooled it is 0.012 in. from the top
of the cavity. If the top of the cavity is not covered and the
temperature is increased by 200°F, determine the strain 0.012in.
components €., €,, and €, in the aluminum. Hint: Use
Eqgs. 10-18 with an additional strain term of «AT (Eq.4-4). SR

4 in.T
Normal Strains: Since the aluminum is confined at its sides by a /\ 4 in. \/ \Z 61in

rigid container , then \L
e =€ =0 Ans y

x b4

and since it is not restrained in z direction, o, = 0. Applying the
generalized Hooke's Law with the additonal thermal strain,

€ =lE[a,—v(a,+cz)]+aAT x

x

P l - _6
o_m[a, 0.35( 0, +0) ]+ 13.1( 107) (200)

0=o0, ~0350, +26.2 n

1
€, = E[G’ -v(0, +0,)]+aAT
1

)= -—-———-[
10.0(10%)
0=0,-0350, +26.2 (2]

o, -0.35(c, +0)]+13.1( 107°) (200)

Solving Eqgs.{1] and [2] yields:

o, =0, =-40.31 ksi
1

€. =Z_[a: -v(o, +cry)]+aAT

= U= - - _s
000107 (0703514031 +( 40.31)1}+13.1( 107%) (200)

=544(107%) Ans
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10-59. 'The thin-walled cylindrical pressure vessel of inner
radius r and thickness ¢ is subjected to an internal pressure p.
If the material constants are I and v, determine the strains
in the circumferential and longitudinal directions. Using
these results,compute the increase in both the diameter and
the length of a steel pressure vessel filled with air and
having an internal gauge pressure of 15 MPa. The vessel is
3 m long, and has an inner radius of 0.5 m and a wall thick of
10mm. Eg = 200 GPa, v = 0.3.

Normal stress:
(¢} =l—’1 g = E oy =0
t 2t
Normal strain:
1
Ecir = “[al -v(o: + 03)]
1
=—(£:—Vpr)=pr (2-v) Ans
E t 2t 2E:
1
Elong = E[O'Z -v(o + 0'3)]
1
=~ (BL-YEIy . PP g _gy) Ans
E 2: t 2E

Numerical substitution:

15 (10°)(0.5) 3
cip = e (2 — (.3) = 3.1875 (10
2(200)(10°)(0.01) ¢ ) 1)
Ad= g, d = 3.1875(10™) (1000) = 3.19 mm Ans
&
Eiong = 15 (107)(0.5) (1 - 2(0.3) = 0.75(107%)

2 (200)(10°)(0.01)

AL= g0, L = 0.75(107) (3000) = 2.25mm Ans

*10-60. Estimate the increase in volume of the tank in
Prob. 10-59. Suggestion: Use the results of Prob. 10-54 as a
check.

By basic principles,

AV=n(r+An0* L +AL) -~ nr*L = m(r®* + Ar* + 2rAr)(L + AL) — nr°L
m(r’L + r* AL + Ar*L+ Ar*AL + 2rAr L+ 2rAr AL - r* L)

n(r’AL + Ar*L + Ar*AL + 2rArL + 2rAr AL)

i

Neglecting the second order terms,
AV = m(r’AL + 2rAr L)

From Prob. 10-59,
AL = 000225m Ar = A-2—d = 0.00159375 m

AV = 7[(0.5%) (0.00225) + 2 (0.5)(0.00159375)(3)] = 0.0168 m’ Ans

Or use the result of Prob. 10- 54
Ligy 14

il LRy
_PTs = _15(10°)(05) _ 2
av=@25-2nv 300 (10000 09)(0.01)[2.5 2(0.3)1% (0.5%)(3)
= 0.0168 m’ Ans
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10-61. A soft material is placed within the confines of a
rigid cylinder which rests on a rigid support. Assuming that
€, =0 and €, = 0, determine the factor by which the |
modulus of elasticity will be increased when a load is

applied if v = 0.3 for the material.

Normal Strain: Since the material is confined in a rigid cylinder,
€, =€, = 0. Applying the generalized Hooke's Law,

& =IE[6‘ -v(o,+0,)]

0=0,-v(0,+0c,) m

€, = 'li‘[d’ ~v(g, +0,))]

0=0, -v(0, +0;) [2)

Solving Eqgs. [1] and [2] yields:

Thus, when the material is not being confined and undergoes the same

0, =0,=—0, . . C e .
-v normal strain of &, , then the required modulus of elasticity is
Thus, pafo_ 1V
1 g (1=-2v)(1+V)
& =5% v(a,+a,)]
_r v v . . E 1-v
= E[dg V(l — vax 1 Va‘)] The increased factoris k= —E- = m
_ o':[ _i] _ 1-03
E[ 1-v T [1-2(03)1(1+03)
_o[t-v=2* =135 Ans
TEL 1-v
_o [(H— v)(l—-Zv)]
T E 1-v

10-62. A thin-walled spherical pressure vessel having an
inner radius r and thickness ¢ is subjected to an internal
pressure p. Show that the increase in the volume within the
vessel is AV = (2pmr*/Et)(1 — v). Use a small-strain
analysis.

o =0, =2
2z Using Eq. 2-5,
03 =0 s
V+AV= 4"3' 1+324%
£1 =6 = é(cl -vo3) "
eva =2 =3¢

pr
€ =6 =——(1~-V
! : 2tE( )

Since gy =g, =

1
£ = E(—V(o'l +07))

r

2nr

eyor =36 = 53’1-(1 -V)

2n(r+Ar)~2xr _Ar

r

E3 :K—p_r tE

tE

2pnrt
AV = Veyy = ——(1 -V ED

V= 47[)'3 ! Et ( ) Q

3

3
V+AV= %E(r+Ar)3 AEr WAy
r

where AV<< V, Ar<<r

554




© 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.

10-63. A material is subjected to plane stress. Express the
distortion-energy theory of failure in terms of o, o, and
TXy .

Maximum distortion energy theory:

(6} - 010, + 03) = o} m

Ox

9+ 0
2 -

- 2
Leta = g’..}.?landb: ﬁ(o_‘_z_gl) + szy

oy =a+b; 6, =a-b

012 =

(

._0-2
5 Ly + 13

of

a* + b +2ab; a§=a2+bz-—2ab
0,0, =02~b2

From Eq. (1)
@+ +2ab- a*+P+a*+ b -2ab) = o

@ +3b) = &%

2 2
(cx+ay) +3("x"6y)

2
- +3%, = o}

ot + o - 0.0, +37% = 0} Ans

*10-64. A material is subjected to plane stress. Express
the maximum-shear-stress theory of failure in terms of o,
oy, and 7,,. Assume that the principal stresses are of
different algebraic signs.

Maximum shear stress theory:

|0'1 —0'2|= Oy (¢)]
O, + O, oy — 0, 2
Oi2 = 'Z’t\/(’2’)+73,

Ox — 0, 2
lo] *O'zl=2 (—x—z——’;) +13y

From Egq. (1)

4 [(‘—’i;—‘f’—f + 1= 6}

2
(0',—0,)+413y=0§ Ans
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10-65. The components of plane stress at a critical point 125 MPa
on an A-36 structural steel shell are shown. Determine if X
failure (yielding) has occurred on the basis of the
maximum-shear-stress theory. -—

75 MPa

Normal and Shear Stress: In accordance with the sign convention,

o, =-75MPa o, = 125 MPa 1., =—80 MPa | » 80 MPa

£37 JESS—

In- Plane Principal Stress: Applying Eq.9 -5, Y

o, -0,
o, =——=% (‘ ")+r},

25.0+128.06
o, = 153.06 MPa o, =-103.06 MPa

Maximum Shear Stress Theory: g, and 0, have opposite signs,
0

|0, - 03] =1153.06 - (~103.06)| =256.12 MPa > &, Ans

Based on the result obtained above, the material yields according
to the maximum shear stress theory. Ans

10-66. The components of plane stress at a critical point
on an A-36 structural steel shell are shown. Determine if
failure (yielding) has occurred on the basis of the
maximum-distortion-energy theory. -

125 MPa
A

Normal and Shear Stress: In accordance with the sign 75 MPa
convention,

o, =-15MPa 0,=125MPa <

x

y =~-80 MPa —1]—» 80MPa

In-Plane Principal Stress: Applying Eq.9 -5, y

o, +0 g, -0,
0, , = — ’i(‘ ’)+r}v
T2 2 :

=75+ 125 (—75— 125
t

2

=25.0%128.06

o, = 153.06 MPa o, =-103.06 MPa
Maximum Distortion Energy Theory:

0, -0,0,+0; = 0}
153.06" - 153.06(—103.06) + (—103.06)” = 49825 < o> = 62500 Ans

Based on the result obtained above, the material does not yield
according to the maximum distortion energy theory. Ans
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10-67. The yield stress for a zirconium-magnesium alloy is
oy = 153 ksi. If a machine part is made of this material
and a critical point in the material is subjected to in-plane
principal stresses o7 and o, = —0.507, determine the
magnitude of o that will cause yielding according to the
maximum-shear-stress theory.

oy = 15.3ksi
01— 07 = 15.3
ag—-(—-050;)= 153

o, = 10.2 ksi Ans

*10-68. Solve Prob. 10-67 using the maximum-distortion-
energy theory.

ot — o102 + 0% = 0}
o} - 6,(-0.50) + (-0.50,) = o}
17504 = (15.3)°

oy = 11.6ksi Ans

10-69. If ashaftis made of a material of which oy = 50 ksi,
determine the maximum torsional shear stress required to
cause yielding using the maximum-distortion-energy theory.

o =1, 0Oy =-T

0'12—0'1 7] +(}'2‘2 = O'yz
37% = 50°
T=289ksi Ans

10-70. Solve Prob. 10-69 using the maximum-shear-stress
theory. Both principal stresses have opposite signs.

o =7 Oy =—T
loy —o,| =0y
T—(—17) =50

T=25ksi Ans
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10-71. The yield stress for a plastic material is oy =
110 MPa. If this material is subjected to plane stress and
elastic failure occurs when one principal stress is 120 MPa,
what is the smallest magnitude of the other principal stress?
Use the maximum distortion-energy theory.

Using the distortion - energy theory:

ot - 610, + 0 = o}

120 — 120 0, + 0% = 110°

o — 1200, + 2300 = 0
Solving for the positive root:
o, = 239 MPa Ans

*10-72. Solve Prob. 10-71 using the maximum-shear-
stress theory. Both principal stresses have the same sign.

The material will fail for any o,since
120 MPa> 110 MPa Ans.

10-73. The plate is made of Tobin bronze, which yields at

oy = 25ksi. Using the maximum-shear-stress theory, oy = 0750,
determine the maximum tensile stress o, that can be
applied to the plate if a tensile stress o, = 0.750, is also
applied. .
O-X
Maximum Shear Stress Theory: o, = o, and 0, =0.750, have
the same signs. so
|o3]1 =10.750,| = oy
0.750, =25.0
o, =333 ksi
oyl =lo.| = oy
o, =25.0ks1 (Controls!) Ans
10-74. 'The plate is made of Tobin bronze, which yields at — 075
oy = 0750,

oy = 25 ksi. Using the maximum-distortion-energy theory,
determine the maximum tensile stress o, that can be
applied to the plate if a tensile stress o, = 0.750, is also
applied. -~

—

Maximum Distortion Energy Theory: With 6, = 0, and
g, =0.750,,

2 3

Cﬁ - 0,0, +0; =0y
o} -0, (0.750,)+(0.750,)" = 25°

o, =27.7 ksi Ans

x
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10-75. An aluminum alloy 6061-T6 is to be used for a
solid drive shaft such that it transmits 40 hp at 2400 rev/min.
Using a factor of safety of 2 with respect to yielding,
determine the smallest-diameter shaft that can be selected
based on the maximum-shear-stress theory.

= (2400 rcV)(Zurad)(lmm = 80 7 rad/s

r=F2_4060d12 3300, .
@ 80~x n

. Tc
Applying T = 5

_ (38 c 6600
et 2 c?

The principal stresses:
o omra S0 660

! 2 c?’ : nc?
Maximum shear stress theory: Both principal stresses have opposite sign, hence,

3 _ Oor . 37 (10°)

l" "’I " Es.’ (u" =) = [ ]
¢ = 0.4166 in.
d = 0.833 in. Ans

*10-76. Solve Prob. 10-75 using the maximum-distortion-
energy theory.

o= (2400 ‘e")(z':e':‘d)(l """) = 80 7 rad/s

T = ﬁ'_ 40(550) (12) _ 3300 b-in.
@ 80w T
Applying T = —T—Jf

(22 ¢ 6600

T = [ —
et nc3
The principal stresses:
0_1_6600' 0'——1—-6600
! ¥ ? 3

The maximum distortion - energy theory:

2
o - a0 +o‘=(£"—)
1 102 2 ES.

n% ] (37(103 )

¢=0.3971in.

d=0.794 in. Ans.
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10-77. An aluminum alloy is to be used for a drive shaft
such that it transmits 25 hp at 1500 rev/min. Using a factor
of safety of 2.5 with respect to yielding, determine the
smallest-diameter shaft that can be selected based on the
maximum-distortion-energy theory. oy = 3.5 ksi.

T= _I: 0= I_SQ(_Z_?.) =50xn
[} 60
T= 25(550)(12) _ 3300
507 .4
T= If J=Z
J 2
3300, oo
=% °_
T= zct T x2e
6600 _ -6600
Ly %= s
2 2 Oy 2
O —06,0,+ 05 =(—
| — 010, +0; (F.S.)
6600 , 3.5(10%) ,
(—=) = (=
(,,zcs) ( 25 )
¢=0.9388 in.

d=188in.  Ans

10-78. A bar with a square cross-sectional area is made of
a material having a yield stress of oy = 120 ksi. If the bar is
subjected to a bending moment of 75 kip * in., determine
the required size of the bar according to the maximum-
distortion-energy theory. Use a factor of safety of 1.5 with
respect to yielding.

Normal and Shear Stress: Applying the flexure formula,

_Mc_75(%) 450

I ll—za‘ a’
In-Plane Principal Stress: Sincc no shear stress acts on the ¢ | ;4‘5&1‘
element,
450
0, =0,=— o,=0,=0

Maximum Distortion Energy Theory:

O'f_clo'z* 2 :Uf“ou
4502 120)2
(——— -0+0= (—
a? 1.5
a=1.781n. Ans
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10-79. Solve Prob. 10-78 using the maximum-shear-stress
theory.

Maximum Shear Stress Theory: < —> 57

Normal and Shear Stress: Applying the flexure formula,

12(€
1021 =0< 00 = o 80.0ks1 (0.K )

Mc 75(%) 450
l -ll—za" a’
1011 = Caiow

. 5 2
In-Plane Principal Stress: Since no shear stress acts on the i"_(_) = 120

element a 1.5

0, =0, = — g,=0,=0 a=1.78in. Ans

*10-80. The principal plane stresses acting on a

differential element are shown. If the material is machine 475 MPa
steel having a yield stress of oy = 700 MPa, determine the

factor of safety with respect to yielding using the maximum-

distortion-energy theory.

480 MPa

In-Plane Principal Stresses: Since no shear stress acts on the
clement.

o, =0, =-475 MPa o, = g, =-480 MPa 30°

Maximum Distortion Energy Theory:

2

allow

(=475)% = (=475)(~480) + (-480)° = &

allow

2 2
0, -0,0,+05=0

Culow =477.52 MPa

The factor of safety is

FS=——=——=147 Ans
o, 2

allow

10-81. The principal plane stresses acting on a differential
element are shown. If the material is machine steel having a 50 MPa
yield stress of oy = 700 MPa, determine the factor of
safety with respect to yielding if the maximum-shear-stress
theory is considered.

Omaz = 80 MPa Opia =—-50 MPa -— —— 30 MPa

- Owax = Omin - 80’("50)

Tabs = =65 MPa
max 2 2

0 700
T =u2-’- - =350 MPa

ps.=Tmx 30 53 ans

Tabs
max
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10-82. The state of stress acting at a critical point on a
machine element is shown in the figure. Determine the
smallest yield stress for a steel that might be selected for the
part, based on the maximum-shear-stress theory.
10 ksi

The principal stresses:

Oy + O, [
ﬂ;_z=x L 4+

=0, 2

2 B2y + g
4—} %’8ksi

=.8_:_{9t"(.§#2)2+41

2

— ¥ 4ksi

o) = 8.8489ksi o0 = —10.8489 ksi

Maximum shear stress theory: Both principal stresses have opposite sign, hence,
|G‘ bt O’zl = Oy 8.8489 ~ (-10.8489) = Oy

oy = 19.7 ksi Ans

10-83. The vyield stress for a uranium alloy is
oy = 160 MPa. If a machine part is made of this material
and a critical point in the material is subjected to plane
stress, such that the principal stresses are o; and
oy = 0.2501, determine the magnitude of o, that will cause
yielding according to the maximum-distortion-energy
theory.

ol ~0,0y +07 = of

o2 - (6,)(0256,) +(0.256,)% = o}
081250 = of
0.81250 = (160)°
oy =178 MPa Ans

*10-84. Solve Prob. 10-83 using the maximum-shear-
stress theory.

O 0 160
Ta_tu =—21 T-uow=?y=—i-=80MPa

Tabs = Taflow
max

Iﬂz‘.! =80; o©;=160MPa Ans
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10-85. An aluminum alloy is to be used for a solid drive
shaft such that it transmits 30 hp at 1200 rev/min. Using a
factor of safety of 2.5 with respect to yielding, determine the
smallest-diameter shaft that can be selected based on the
maximum-shear-stress theory. oy = 10 ksi.

T=£ w=2n(1200)=40”
[ 60
_ 30(550)(12) _ 4950
40 r

T

9900 )= 10(10°%)

n2c? 25

L1

c=0.7945 in.

d=2c=159in. Ans

10-86. The state of stress acting at a critical point on the
seat frame of an automobile during a crash is shown in the
figure. Determine the smallest yield stress for a steel that
can be selected for the member, based on the maximum-
shear-stress theory.

Normal and Shear Stress: In accordance with the sign
convenuon,

o, =8ksi o0,=0 T, =25ksi

In-Plane Principal Stress: Applying Eq.9 -5,

o, +0, o, -0,V
o2 = 22|25 )5
—0\?
=80-t-0i (80 )) 4252
2 2
=40+47.170
Maximum S hear Stress Theory: o, and o, have opposite signs.
o, =87.170 ksi g, =-7.170 ksi S0

|6y =02 =0y
| 87.170 - (~7.170)| = oy

oy =943 ksi Ans
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10-87. Solve Prob. 10-86 using the maximum-distortion-
energy theory.

Normal and Shear Stress: In accordance with the sign
convention,

o, =80ksi o0,=0 1, =25ksi

In-Plane Principal Stress: Applying Eq.9-5,

7
o, +0 g, -
Oy: = 12 yiV( 2 )'*'fxzy
F

80+0 80-0
= 3 + ( 3 )4—252
=40£47.170

0, =87.170 ksi 0, =-7.170 ksi

Maximum Distortion Energy Theory:
o‘; -0,0;+ 0”; = O':
87.170° - 87.170(~7.170) + (~7.170)* = o3

oy =91.0ksi Ans

*10-88. If a machine part is made of titanium
(Ti-6A1-4V) and a critical point in the material is subjected
to plane stress, such that the principal stresses are o; and
oy = 0.50, determine the magnitude of o-; in MPa that will
cause yielding according to (a) the maximum-shear-stress
theory, and (b) the maximum-distortion-energy theory.

a)Maximum Shear Stress Theory: 6,and 0, =0.50, have the
same signs, SO

|02| =10.50,| = oy
0.50, =924
o, = 1848 MPa

|01| =0y
o, =924 MPa (Controls!) Ans

b)Maximum Distortion Energy Theory: With 0, and
0, =0.50,.

o -0,0,+0% =0t
o’: -0,(0.50,)+(0.50, )? =924

o, = 1067 MPa Ans
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10-89. Derive an expression for an equivalent torque 7,
that, if applied alone to a solid bar with a circular cross
section, would cause the same energy of distortion as the
combination of an applied bending moment M and torque 7.

T, c

T = —=—
J

Principal stress:
o =T, < O =-T

1

Ry =

;EV(o% - g0 + 0F)

2 2
wan = XV Y3k e

Bending moment and torsion:

1’ J
Principal stress:
-02
Lz=a+0+ (a 0)+t1

a%=a2+bz+2ab
g0, =a* - b
o§=az+b1-2ab

o}~ 010y + 0% =30 +a°

1+v
= o} - 0,0, + 04
Ug 35(‘ 102 2)
1+v 2 2 1+v 30 2 o’
kY = — +3 —
(M4)1=3E( +a”) 35(4*7‘*4)
1+v 2 2 Al +v) M* 3T
= +37°) = ———(— o —
3E( ) 3E (12 ﬂ)
gy = (ug)*
1+ wv3L: S+ v M . 311)
3E g 3E P
2 M
E=yg5*T"
];-_-1’%5{24.1'2 Ans
For circular shaft
J_fet
1 Ee T
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10-90. An aluminum alloy 6061-16 is to be used for a
drive shaft such that it transmits 50 hp at 1800 rev/min.
Using a factor of safety of F.S. = 2, with respect to yielding,
determine the smallest-diameter shaft that can be selected rev (2;1 rad] ! min

. . . = 1800 — —— =60.07 rad/s
based on the maximum-distortion-energy theory. © min 60 s i

Internal Torque: Using the power transmission formula,

ey

50 ft- Ib/
P =50hp (f——‘——f) = 27500 fi-b/s
L hp
=P 2% assom
w 60.0r

Shear Stress: Applying the wrsion formula,

Te 14589012)(4)  8916.26
RO RS
. 8916.26
In-Plane Principal Stress: In the case of pure torsion, o, = —
8916.26
and 0, = - FEE

Maximum Distortion Energy Theory:

5

o’:—olo'l-kof:o’

allow

(89]626)2 (891626)( 8916.26\+( 8916.26\:_[310(10")72

43 d3 €3 43 2

d=0.942in. Ans

10-91. Derive an expression for an equivalent bending
moment M, that, if applied alone to a solid bar with a
circular cross section, would cause the same energy of
distortion as the combination of an applied bending
moment M and torque 7.

Principal stresses:
o, ,—_M; o3 =0
1
1+ v
ug = 3E (&t - 010y + 0%)
1+ v Mt m
(ugh = -;F(T)
Principal stress:
o+ 0 o-02
Oz =3 # (=) +7
=2 ‘ff 2, =f-"-°—1+tz
o =s+y7 +h o= 7y
Equating Eq. (1) and (2) yicld;:
Distortion Energy: (1+v) M 1+v M 37-2‘_.2)

( ) = ——( +
fa‘ 3 3
Lc|a=g. b= ‘4—+r’ 3E I 3E I r

w_w v

o} =a® + b +2ab TEFEY R
FE S 2

oo =a - b M,z-—'M2+37‘2(§)

ok =a*+ b -2ab
For circular shaft

R -oo+d =3+ £=§c‘=}_
J  Fet 2

Mc, _Tc
Applyd—-T. T= 7 Hence, Mz =M’+31‘2(%)2

1+ v 2 2
= —— (36 +a%) = (= + —— +377)
(ua)2 3E ( 3E 4 ;T“ M, =‘sz+%7-z Ans
=l§téx(o’+3rz)=l+v(M‘ c) @

3E P 7
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*M10-92. The internal loadings at a critical section along
the steel drive shaft of a ship are calculated to be a torque of
2300 1b - ft, a bending moment of 1500 b - ft, and an axial
thrust of 2500 1b. If the yield points for tension and shear are
oy = 100 ksi and 7y = 50 ksi, respectively, determine the
required diameter of the shaft using the maximum-shear-
stress theory.

S 1500 1b-ft
~ 2300 Ib-ft
2500 1b
A=nd  1=%0 y=Z
4 2

P Mc 2500 1500(12)c). 2500 72000
Op = = + == = (e} e ) = (e o e
“TATTT (fb'cz L’—:—i ) (ncz nc3)

24 (220 m

ncl

2500 ¢+ 72 000 2500c + 72 600
T EY( 3
2z ¢ 2z

=~(

Assume 0} and o, have opposite signs:
loy~-0,] = oy

2‘/(2500c+72 000),+(55 200)2 - 10000%)
2n¢? nc?

(2500¢ + 72000)” + 110400 = 10 000(10°)7 2 c®

6.25¢% +360c+ 17372.16 - 10 0002° ¢ = 0

By trial and error:

¢=0.750 55 in.
Substitute ¢ into Eq. (1):

0, =22191psi 0, =-77 809 psi

0, and O, are of opposite signs OK
Therefore,

d=150in. Ans
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10-93. The element is subjected to the stresses shown. If
oy = 50 ksi, determine the factor of safety for this loading
based on (a) the maximum-shear-stress theory and (b) the
maximume-distortion-energy theory.

Normal and Shear Stress: In accordance with the sign
convention,

12ksi 0, =-8ksi 1, =7ksi

In-Plane Principal Stress: Applying Eq.9-5,

_ 12+(-8) + {12
=2.00£12.207

= 14.207 ksi g, =~10.207 ksi
a)Maximum Shear Stress Theory: o, and o, have opposite signs,
$0
|0y = 03] = CLiiow
| 14.207-(-10.207)| = o

atiow

Tutow = 24.414 ksi

8 ksi
—v > Tksi
12 ksi
< A
The factor of safety is
Fs:._d"_.__ﬂ..zzou Ans
Calow 24414
b)Maximum Distortion Energy Theory:
0}~ 0,0, +0) = Cljen
14.207° = 14.207(~10.207) + (=10.207)% = 051100
Oanow = 21.237 ksi
The factor of safety is
¢} 50
FS=——=_—"__=235 Ans
Oaiow  21.237

10-94. The state of stress acting at a critical point on a
wrench is shown in the figure. Determine the smallest yield
stress for steel that might be selected for the part, based on
the maximum-distortion-energy theory.

Normal and Shear Stress: In accordance with the sign
convention,

o, =25ksi o, =0

; = 10 ksi

In- Plane Principal Stress: Applying Eq.9-5,

o, 4—0Y
T, = +r2
1.2 2
_25+o+ 25 N
T2 T ( 2 )HO
=12.5%+16.008
0, = 28.508 ksi 0, =-3.508 ksi

Maximum Distortion Energy Theory:

0l -0,0,+0; =0y
28.508" ~28.508(~3.508) + (~3.508)" = 07

oy = 30.4 ksi Ans

—> 10 ksi

~T—> 25 ksi
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10-95. The state of stress acting at a critical point on a
wrench is shown in the figure. Determine the smallest yield Q)
stress for steel that might be selected for the part, based on

the maximum-shear-stress theory.

Normal and Shear Stresses: In accordance with the sign —> 10 ksi

conventon,
4% % 25 ksi
o, =25ksi o, =0 T, = 10ksi

Y

In-Plane Principal Stress: Applying Eq.9-5

e
25+0  [r25-0Y
= * (—————) +10?
=12.5+16.008
o, = 28.508 ksi 0, =-3.508 ksi

Maximum Shear Stress Theory: o, and 0, have opposite signs.
sO
10, —0y{ =0y

| 28.508~ (~3.508)| = oy

oy = 32.0 ksi Ans

*10-96. The short concrete cylinder having a diameter of 2 kN
50 mm is subjected to a torque of S00 N+-m and an axial
compressive force of 2 kN. Determine if it fails according to
the maximum-normal-stress theory. The ultimate stress of
the concrete is oy, = 28 MPa.

A= %"(o.os)z = 1.9635(10°%) m?

J= ’E'(o.ozs)‘ =0.61359(10%) m*

o=P o209 i oioMps 2kN
A~ 19635010)

~ 0.61359(10°%)

1=.ij 5000023 _ 4,373 MPa

0,=0 o,=-1019MPa 1, =20.372MPa

22 . oy
10181/

P 12'0“1J(“"‘z"o‘g))uzosn’ 20-37 M Py

o

0, =1987MPa &, =-20.89 MPa
Failure criteria :

loyl <ou=28MPa 0K

102] < O =28 MPa 0K

No. Ans
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10-97. If asolid shaft having a diameter d is subjected to a T T
torque T and moment M, show that by the maximum- Mlor

normal-stress theory the maximum allowable principal — — ‘ ;‘ \ ‘
stress is oo = (16/7d%)(M + V' M? + T?). ‘ Y /

Section properties:
4 4
I = E_é_.; J= nd

64 32

Stress components:
Mc M@ nM Te_T@ _ 16T
J

DD e D e 3T e T =

1 & d nd?

The principal stresses:

M 2M
Oy + Oy O; — Oy 2 2 =3 +0 « 7 d3 -02 167,
(o = + + Ty = £ + (—
2= 0 (B g - 2 EEY )

1M, 18 e
nd® - nd?

13

Maximum normal stress theory. Assume 0y > O,

Cullow = O} = 1.6_1_;.{ + —16—3-1/Mz + T?
nd nd

;:%[M‘»‘/Mz +T9 QED

10-98. The principal stresses acting at a point on a

thin-walled cylindrical pressure vessel are o = pr/t,

oy = pr/2t,and o5 = 0.If the yield stress is oy determine the a)Maximum Shear Stress Theory: ¢, and o, have the same signs,
maximum value of p based on (a) the maximum-shear-stress then

theory and (b) the maximum-distortion-energy theory. u

pr’
0, =0 ’— =0 =g
|02] Y % Y Oy

144 t
|oyl = oy ‘T‘=0y p=-0y (Controls!)  Ans
r
b)Maximum Distortion Energy Theory:
o1 -0,0,+ o = %

-G ==

P=ﬁo'y Ans
r

10-99. A thin-walled spherical pressure vessel has an
inner radius r, thickness ¢, and is subjected to an internal
pressure p. If the material constants are F and v, determine

the strain in the circumferential direction in terms of the
stated parameters.

r
Oy =0y :E—
2t

1
£ =6 =€= -E-,(G-VG)

I-v 1-v pr.  pr
== —(—)=—(-V Ans
=z o= F XY
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*10-100. The strain at point A on the shell has components

€, = 250(107°), €, = 400(10°°), y,, = 275(10°°), €, = 0. £ =250(107%) g, =400010°%) 7, =275010) 72—’ = 137.5010°%)
Determine (a) the principal strains at A, (b) the maximum A@50,137.5)10°  C(325,0)10°°

shear strain in the x—y plane, and (c) the absolute maximum

shear strain.

= (,/ (325 - 250)% + (137.5)* ]10" =156.62(10"°)

a)
£ = (325+156.62)10°° = 482(10°)  Ans
£ = (325-156.62)107° = 168(10°°)  Ans
b)
Y max = 2R =2(156.62)(107%)=313(10"°)  Ans
Ib- piane
©)
Tib: _ 482(10°°)
2 2
Tabs =482(10°)  Ans
\ Yok
<
C3es,0) o ) 3
- y (")
& €w’) w ¢
€ %8, |° L R
-zx!'(ld") 70
A28 737-5)
10-101. A differential element is subjected to plane
strain that has the following components: e, = 950(107%),
€, = 420(10°%), y,, = —=325(10°%). Use the strain-
transformation equations and determine (a) the principal
strains and (b) the maximum in-plane shear strain and
the associated average strain. In each case specify the b
orientation of the element and show how the strains deform 7 an
the element. T 1[(55.1""_’)1 +( 2y
2 2 2
_ . [050-420_, —325 . "
5._z=£'_;-fli1,(.e'_2_el)z+r‘} 7[:::-‘2[%"‘"_2 )1"'(——2 )2](10 )—622(10 ) Ans
950+420 __["950-420 325 » fag = 222 = (950+420)(10")=685(10") Ans
= Ey( P +(—=-)21007) 2
2 2
” Orientation of Ymax :
=996(10°) Ams & =374(10°) Ans
—(&s~€,) _ —(950-420)
. . 26, = 2l =
Orientation of &, and & : wn Ty -325

Yo _ =325
e—_; 950-420
6, =-15.76°, 714.24°
Use Eq. 10- 5 w0 determine the direction of €, and &;.

1an 26, =

6, =292°and 6, =119° Ans

- Use Eq. 10 - 6 10 determine the si fY max ©
g =2 t8 B8 0204 Xogin 20 9 180 OLY max

2 2 2 Ly o & —=—Zsin 20+ “ZLcos 20
2 2 2
8=0, =~1576°
8=6, =29.2°
= (204420 950-420 315294+ & 325’sm( 31.52°)}(10°°) = 996(10™) 950~ 420)
2 2 Yoy =2 sin(58.4%) + 22 = 222 0s(58.4)(10°%)
6, =—158° Ans 6, =742° Ans Txy = —=622(107°)
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10-102. The components of plane stress at a critical point 340 MPa
on a thin steel shell are shown. Determine if failure 4
(vielding) has occurred on the basis of the maximum-
distortion-energy theory. The yield stress for the steel is
oy = 650 MPa.

——> 65MPa

55 MPa

o;,=-55MPa 0, =340MPa 1, =65MPa

0, +0 0,=0
012 ="‘§'2_y'iV(‘—2‘l)2+ny2 v

_ ‘55;3‘“’1 (—55;340)2+652

06, =35042MPa 0, =~65.42 MPa

(61— 010, + 677) = [350.42% - 350.42(~65.42) + (-65.42)*]
=150000 <0y =422500 OK

No. Ans
10-103. Solve Prob. 10-102 using the maximum-shear- 340 MPa
stress theory. 4
——1— 65 MPa
55 MPa
-—

o,=-55MPa 0, =340MPa 7, =65MPa

0'1,2=9‘—;&1V(££-}°—}-)2+7’n2

—‘55;3""1 (-55534<))2+652

0y =35042MPa 0, =~6542 MPa
|61 — 02| =350.42~(~65.42) = 415.84 MPa < oy =650 MPa OK

No. Ans
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*10-104. 'The 60° strain rosette is mounted on a beam.The

following readings are obtained for each gauge: \ a

€, = 600(107%), €, = —700(107%), and e, = 350(10°%).

Determine (a) the in-plane principal strains and (b) the 60°
maximum in-plane shear strain and average normal strain.

In each case show the deformed element due to these

. 1O
strains. 60
. b
Strain Rosettes (60°): Applying Eq. 10— 15 with £, = 600( 10°) , 60°
€, ==700(107%), &, =350(10*), 8, = 150°, 6, =-150° and 6, = -90°, /
350(107*) =€, cos (=90°) + &, sin* (=90°) + 7, sin(=90°) cos(~90°)
-6
, =350(107°) . B
600( 10*) = €, cos>150° +350( 10™°) sin® 150° + 7, sin 150°cos 150° ’ ‘ ‘
512.5(107°) =0.75¢, - 04330 7,, (1
-700( 107%) = ¢, cos® (=150°) +350( 10*) sin* (~150°) + 7, sin(~150°) cos (~150%)
-787.5(107°) =0.75¢, +0.4330 7, (21 183.33
— R=]76:52

Solving Eq. [1] and [2] yields &, =-183.33(10™)  ,, =—1501.11(107°)

. =

Construction of the Circle: With g, = -183.33(107%) , €, =350( 10°°) , and

Yoy _ -6
T’~—750.56(10 ).

£

_E tE, (—183.33+350

v == )(10“’):83.3(10“") Ans

Il
The coordinates for reference points A and C are
A(-183.33, =750.56)(10™°)  C(83.33, 0)(10™°)

The radius of the circle is

R= («/( 183.33+83.33) +750A562)( 107°) =796.52(10°°)

a)
In-Plane Principal Strain: The coordinates of points B and
D represent £, and €,, respectively.

£, =(83.33+796.52) (107°) =880( 107°) Ans
€, =(83.33-796.52) (107°) =-713(10°%) Ans

Orientation of Principal Strain: From the circle,

~ 750.56
tan 26

= =28145 = 70.44°
7~ 183.33+83.33 26,, =70.44

26,, = 180° - 26,
180° - 70.44°
O

6 =54.8° (Clockwise) Ans

b)
Maximum In-Plane Shear Strain: Represented by the

coordinates of point £ on the circle. Orientation of Maximum In-Plane Shear Strain: From the :

curcle,
y m-l|\
tmoplane _ o -6
= R=-19652(107) 183.33+83.33
wn28, = ——— 77 203553
Y ma =-1593(107) Ans 750.56
10-plane
6, =9.78° (Clockwise) Ans
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10-105. The aluminum beam has the rectangular cross
section shown. If it is subjected to a bending moment of ’
M = 60kip-in., determine the increase in the 2-in.
dimension at the top of the beam and the decrease in this i
dimension at the bottom. E,; = 10(10°) ksi, »,; = 0.3.
3in. -
\
M=60 kip~in.—%7
In'general for the top or bottom of the beam : J\
Mc M4 6M
at=——=_|23=_——'z' T
1 bk bh L\
2 in.\~‘
Vo, 6vM
Ex = =——m =
E Ebh?
6vM
Ab =g b = —— (b
Ebn &
_6vM
E W
Atthetop :
= SO0 _ o102 in.  Ans
10(10%)(3%)
At the bottom :
Ab = - 1.2(107) in. Ans

The negative sign indicates shortening.
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