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

=8t S BT 00+ I2sin2e )
2 2 2

g = 24 E BT B 09 - Y2 gin2g @
2 2 2

Adding Eq. (1) and Eq. (2) yields :
£ + £ = & + £, = constant  QED
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10-2 The state of strain at the point on the bracket has
components & = ~200(107%), € = -650(1076), ey =
-175(10°%). Use the strain-transformation equations to
determine the equivalent in-plane strains on an element ori-
ented at an angle of § = 20° counterclockwise from the orig-
inal position. Sketch the deformed element due to these
strains within the x-y plane.

£, =-200(10°) g, =-650(10"") 7, =-175(10°)  6=20°
& = ErE B8 0520+ T2 sin20
2 2 2
[_2°°+2('65°) ('200)2( 590) cosa0e) + ZL2) 175)sm(40°)](10‘6) =-309(10°)  Ans
& = ErS & 50520 - 22sin2e
2 2 2
=[“200“'2('650)—_200‘2('650)cos(40°) ¢ 1275)sm(40°)](10'6)——541(10_6) Ans
Yoyt o B T8 Gnoe + Y2 cos 26
2 2

Yoy = [~(=200— (—650))sin (40°) + (~175)cos (40°)](10°%) = -423(10™°)

!

€yd

Ans
|
’
3 X
AN e
= f
€ dx’
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10-3 A differential element on the bracket is subjected to
plane strain that has the following components: ¢, =
150(10-%), & = 200(1076), vy, = —700(107%). Use the strain-
transformation equations and determine the equivalent
in-plane strains on an element oriented at an angle of 6 =
60° counterclockwise from the original position. Sketch the
deformed element within the x—y plane due to these strains.

v

V@ e

£ = 150(10°%) g =200(107°) 7y, = -700(10°) 6 = 60°

g = 2 F 8 L &5 0520 + T2 sin26
2 2 2
o130+ 200, 150200 o 4500 4 ('72)0 ) sin 120°]10°° =-116 (10°)  Ans
2
g = 2t S B8 00- Y2 gin2e
2 2 2
~(150+200 150 - 200 06 120° = (Z12) 6in 120°1 107 = 466 (10°) Ans
2 2 2
Yoy _ _ & T8 g+ Y2 0520
2 2 2
Yoy = 2[- 129——2—20—0‘sin 120° + (—7;)0 ) cos 120° 1107 = 393 (107%) Ans

:77{ €,dx’
bo*
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*10-4 Solve Prob. 10-3 for an element oriented 6 = 30°
clockwise.

£ = 150(10°) & =200(10°) 7, = -700(10°) 6 = -30°

&y = Ext & | B~ B o526 + 12 sin26
2 2 2
_ (1504200 | 150 - 200 5 _60%) + (T7%) sin (-60°) ] 10 = 466 (10™)  Ans
2 2 2
g, =8 B8 509 P2inzg
¢ 2 2
- (150200 150 - 200 o6 (_g0) ~(T1%) in (-60°) 1 10 = -116 (10™%)  Ans
2 2 2
Yoy o B Bgnog + X2 cos26
2 2 2
Yoy = zl—ﬂ%&sm (-60°) + 2790 os (-60°) 110" = —393 (10 Ans
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10-5 The statc of strain at the point on the bracket has com
ponents ¢~ 400(10 ®), € = 250010 %), y,, 310010 *).
Use the strain-transformation equations to determine the
cquivalent in-planc strains on an clement oriented at an
angle of 0 == 30° clockwise from the original position. Sketch
the deformed clement due to these strains within the y-v
planc. - .

£ =400(10°%) g =-250(10"%) 7, =31010%) 6=-30°

gy = = & L B 50520+ 2 sin26
) 2
2 = 10 - -
=[400+; 250) , 400—¢ 250)c0$(-60°)+(3T)Sin(—60°)](10 %) =103(10%) Ans
g = EBtE _ET8 20 Y in26
2 2 2
A0+ CB0 20230 o5 00) - 2 sin(-60%)110) = 46.710) A
2 2 2
Yoy _ fi_:_gy_sin 20 + Yoy 0526
2 2 2

Yoy = [~(400— (=250))sin (~60°) + 310cos (~60°)1(10°%) = 718(10°)  Anms

4
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l(l—é The state of strain at the point on the wrench
has components € = 120(107%), ¢ ~ ~180(10°%), ¥,

150(10°%). JUsc the strain-transformation cquations (o
determine (a) the in-plane principal strains and (h) the max-
imum in-plane shear strain and average normal strain. In
cach casc specifly the orientation of the clement and show
how the strains deform the clement within the x-y planc.

£ = 120(10%) g = -180(10°%) 7, = 150(10%)

& + € Ex — & 2 xy ¢
9 e = 2T ETRy 22y
- [120- (-180) = _ 150 2
=[i20+2( 180)‘:_ (120 2(!80))_’_(2 Yy10°

£ = 138(107%); g = -198(10°°) Ans

Orientation of £, and &;

& -¢g  [120 - (-180)]
6, = 13.28° and -76.72° 7 ! ‘7’
Use Eq. 10- 5 10 determine the direction of £; and &;

+ -
EYE (&5 E’co520+12xlsi1123

[4 =
“ 2

8 =6, =13.28°

d )
- - = 2
= (20 180, 120 - C180) 6560 + 120 sin 26.567) 10°¢ h, g Y
2 2 2 - — \ /
= 138(10°%) = & T \ %
\
] R °
Therefore 8,, = 13.3°; 6, = -76.7° Ans — ,dr?. )33
— X
e — .
b ra-plage _ Ex — & . Yy
) \/(————2 )2
- 1 2
Vans = 20 (21O, 001062 33510 Ans
in-plane 2 2
fay = 218 o (10 C180 156 300010 Ans
2 2
Orientation of ¥max
an26, = B = &) _ 2l - 180) _ o
Yoy 150
6, =-317° and 583° Ans
Use Eq. 10- 11 1o determine the sign of ¥,
Yeye e - in-plase
—%= . E"”’“*‘%’-cosZG X

6=6 = -317°

. = o120 - (-130) 150
Tor S AT sin 63400 + = s (6349110 = 335 (10°%)
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-7 The state of strain at the point on the gear tooth
has components e, = 850(10°%), €, = 480(10 *). v,

650(107%)." Use the strain-transformation equations to
determinc (a) the in-plane principal strains and () the max-
imum in-plane shear strain and average normal strain. In
each case specify the orientation of the clement and show
how the strains deform the element within the x-y planc.

£, =850(10% &, =480(10°) 7, =650(10°)

a)
fqa = ETE BB L, +(””)
2
850+ 480 850-480 2 650 2,
(2228 (220 + (22 100
2 2 2
=1039(10°) Ans & =291(10%)  Ans
Orientation of £; and €; : .a ! \1
w20, = Y2 - 50
T & - 850-480
’
o o A
, =30.18° and 12018 /z\
”
WA\
Use Eq. 10- 5 to determine the direction of £, and &; : N !
E + € £, = & ny ’\ é,d)‘
Ep = ——2 + =—Tcos 20 + =X 5in 260 ‘
2 2 ézd, A
6=6, =30.18° . - =
850+480 850-480 02
e —— +—2—cos(6035°)+ > 650, in(60.35°)] (10°®) = 1039(10°%)
Therefore, 6, =302°  Ans 6,2 =120° Ans
b

Ymax
wonse _ [Ex =& 2 Yo }

- (—-————-2 ) +(——2 )

Ve —2{\/(850 480)2+( 21(10%) = 748(10°)  Ans
10 pine

Euvy =%=(850+480)(10 )=665(10%)  Ans

Orientation of Ymax :

- (& — &) _ -(850-480)

tan 26, =
Yoy 650

6, =-14.8° and 75.2° Ans

Use Eq 10- 6 to determine the sign of Ymax

plsae

Ly o o -2—e’smza + 7;’ cos28; 6 =6, = —148°

Yoy = [-(850 - 480)sin (~29.65°) + 650cos (~29.65°)](107%) = 748(10™%)
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*10-8 The state of strain at the point on the gear tooth
has the comppnents € = 520(107%), &, = ~760(10 ). ¢, =
~750(107¢). Use the strain-transformation equations to
determine (@) the in-plane principal strains and () the max-
imum in planc 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.

- . - ~6.
e, = 520(10°%) €, =-760(10 6y ' yy ==T50(107)

"

e+e  fE"5 )2+(ky_)’
2 - 2

520 + (=760) . (520 —;—760) )1 . (-7250 )1 1 107
2 M

a) £12

=1

6 Ans
£ = 622(107%); & = —862(10 )

Orientation of £; and &;

-750
an 26, = o »

R A S
£ — & (520 - (~760)}

UseEq. 10-5 10 determine the direction of £; and &2.

g, = e  ETD & s 260 + L2 sin 26

- 2 2 2

=8 = ~1518

g = R0 520 = (=760) (-30.36°%) + :72—5‘-) sin(=30.36%)] 10°°

v 2

622 (10 = &

Ans
Thercfore 8,, = ~15.2° and 6, = 74.8°

Ymax 6 2 Ve 2
1n-plane _ x y y
p) BB = (_-——--2 ) + (-——2

530 — (<760) 2 —750 2.\ 6 _ 1434 (10°%) Ans

- 520 - CIO ¢, (=) 110" = -1484(

Jur, =2 2

e, = Bt E [22‘11‘_‘15’921 10 = -120(107) Ans
avg = 2 2

Orientation of Ymax

a-plane ,
so o e m8) L ZI50 = CTOL g0 3

w2 = T, 2750

9, = 298° and 8, =—602° Ans

Use Eq. 10-6 1o check the sign of ‘1,;‘.‘:‘.

Yoy o -,i‘_f’_sinzml;icosze; 6=6 =28
2 2

PR

= -0.5859; 9, = —15.18°and 6, = 74.82°

%

-

-
N
\
N

L-\
N

";:\v éaud d‘

)

9.8°

520 ~ (<760) —750 0 = - 1484 (10
Yoy = A= sin (969 + == cos (59.6°)110 1484 (10°)
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10-9 The state of strain at the point on the arm has com-
ponents €, = 250(1076), &, = —450(1076) yy, = -825(107).
Use the strain-transformation equations to determine (a) the
in-plane brincipal 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.

\— -6
£, =250(107°) &, =-450(10") 7., =-825(107)

a)

g, = 2t E g (5‘__'_2_’)24,(&)2
)2 2

= - 2
(250450 JEECR: S0 825 7 10%)
2 2 2
£ =441(10°) Ams & =-641(10°)  Ans '’
X 1Y
Oricntation of £, and €; : ~7
wn2g, = Yo o8B __ 653 X
P e -  250-(-450) .
~ { 248
g, =—2484° and 6, =6516° /§
& ‘dr / X'
Use Eq. 10- 5 to determine the direction of g and &; :

£ = EtE &8 =5 0520 + Yo gin2e6
* 2 2 2
=6, = -2484°
e, = (2502450, 2507450 (49,69 + :%zfsm(-w.sr)] (10°%) = 441(10°%)
* 2 2
Therefore, 6, =-24.8°  Ans 6,, =652° Ans b ) 1
b)
e _ G-y, T2 ¥ "
2 2 2 3'
b=\ .
f 825 s “ \ 202
Your' =2l (MV (522110 = 1.08(107)  Ans X
10-plane 2 2 en d 'd V X
7 APy
fag = 228 = (55—0;—439)(10'% =-10010%)  Ans Eovt
2
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