HW 23 SOLUTIONS

10-2. The state of strain at the point on the leaf of the
caster assembly has components of e, = —400(107%),
€, = 860(10°%), and vy,, = 375(10°°). Use the strain-
transformation equations to determine the equivalent in-
plane sirains on an element oriented at an angle of f = 307
counterclockwise from the original position. Sketch the
deformed element due to these strains within the x=y plane.

Naormal Strain and §hear Strain: In sccordance with the sign
conventon,

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

Strain Transformarion Equations: Applying Eqs. 10-5, 10-6,
and 10=7,
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“

=77.4( 107%) Ans
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Yoy =1=(=400-860) sin 60° + 375 cos 60°] ( 107)
= 1279 107%) Ans
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#*10-8. The state of strain at the point on the gear tooth
has the components &, = 520(107°), €, = =760{107°),
Yoy = —750(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.

£ = S20(10°%) g, =-T6000TT) Ty, =-T50(10°%)

9 oaa = B8 L EZE Y Ly

- [520 +2{-T6Cl] + JLS'ID -;—760))?

+(ﬂ}z] 107
2
£ = 622(10°%); & = —862(107%) Ans

Orientation of £; and €;

wn26, = 12 = -1 = -0.5859; B, = - 15.18" and 6, = 74.82°

€ -6 (520 - (-160))

UmEq.io-Smd:muhdimcﬂmofen and €.
,-‘-'—;—87- g—‘?-’—mni- 2 sin 20

0=0, = -1518

520 + (=760) 520 — (~760)
+
2 2
= 62(10°% = g

& =

cos{=30.36%) + T U in(-30.36%] 107

Therefore §,, = ~15.2° and 6,, = 748° Ans
i =
b e oG8, 2o
2

Yaur = R{V(wn + 2 100 = <1488 009 Ans
meplana 2

Bt By 520 + (—760}. 10
2 1

= ~120(107%) Ans

Orientation of 7,

. L
in-plasa

w28, = Gl = - 1520 — (-760)] = 1.7067
Yoy =750

6, = 29.8° and B, =-60.2°

Use Q. 10-6 1 check the sign of Y .

35122- = -‘._.z-.nzmzw fz cos28;: 8=86, = 298

- (-'160] =150

Yoy = -0 sin (59.6%) + Tm{sp.s-mo" = ~ 1484 (107

Ans
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10-15. Solve Prob. 10-2 using Mohr’s circle,

Censtruction of the Circle: In accordance with the sign conven!
—400{ 10} . &, =860( 107*) and
= 187.5( 107%) . Hence,

E =
Toy
2

£ =

£, +£,  (—400+ 860
e =5 5(7

i J( 107*) =230( 107*)
The coordinates for reference points A and C are

Ar=200. 187.5(107%) 230, o 107%)

The radius of the circle is

R = (V(400+230)" + 1875 }( 107) = 657.31(10°)

Strain on the Inclined Element: The normal and shear
stran [E,- and },‘T’J are represented by the coordinaes of point P

on the curcle. £, can be determined by calculating the coordinates of
point {Jon the curele.

Pelb5]”

815
2

RS

%’-{m")
£, =1(230-657.31cos TA.57") (107"} =774(107°)  Ans
—“3'" = (657.31sin 76.57°) (10°%)
Yoy =1279(10°7%)

Ans

£, =(230+65731cos 76.57%) (107°) =383( 107°)  Ams



-2, Solve Prob 108 using Mohi's circle.

¥

8 £ = SHNI0H) g = 76107

A(520, 375 C(=-120, 0)
Ro= (520 + 120 ) + 3752 = 74177

£ =T4LTT - 120= 622(10°%)
€2 == 120 = T41.77 = -B62(10°%)

375

2 = —_—
o 26, (120 + 520)

= (L5850

8, = 15.2°

b me =2 = 204177)

Yamua = — 14B4{10°%)

in-pling

£aeg = —120{ 107)

an 28, = %@: 17067

= I9.8%

Tap = —T750( w-i}

Ans

Ans

Ans

Ans

1’27— = —375(10°7Y)
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10-23. The strain at point A on the bracket has components
€, = 300{10°"), e, = 350{10°°), y,, = —650{10°"), e, = 0. Atdog -1257
Determine (a) the principal strains at A, (b) the maximum
shear strain in the x—y plane, and (¢) the absolule maximum

shear strain. € €, &t
.]U
Loy

& =300(107%) g, =550(107%)  y,, =-650(10°) l;t-w—szmu"}

A(300,-325)10°°  C(425,0010°

R = [/ (425300 +(=325)71107 = 348.210°%)

a)
£y = (4254 D0 =7TH10%)  Ans
£ = (d25- M8.2X(107%) = 76.5(10%)  Ans

b)

T, = IR =2A3482)007) = 696(10°)  Ans
]

Tans
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#1028, The 457 strain rosette is mounted on the surface
of an aluminum plate, The following readings are obtained
for each pauge: e, = 475(107%), & = 2500107}, and
e, = —360(107"). Determine the in-plane principal strains.

Strain Rosettes {45°): Applying the cquations in the ext with £, = 475( 107"},
£, =250 107*), £, =-360( 10°°) 8, = 07, §, = —45°, and B, = -50°,

475 ( 10"'] =g,c05°0% + E’alnzﬂ“'-n ¥y 5in 0F cos 07
e, =475 107%)

250( 107*) =475 ( 107) cos*(—45°) + £, 5in*(—45°) + 1, 5in(-45°Jcos(—45°)
2500 107%) =237.5(107°) +0.5¢, 05 ¥,
05e, =05y, = 125{ 10°*) i

=360 107°) =475 { 107°) cos”(=90F) « £, 5in(-00%) + ¥, Sini—-90"1cos(~90°)
£, = =360( 10"}

FromEg [1). ¥, =-385(107)
Therefore. £, =475(107°) e ==360(107%) ¢, =-385(107%)

Ter

Construction of the Circle: With = -192.5{ 107"} and

£, tE,
=l =
2

ATSH0-3600 4y "
fj(m ) =575 107%)

'gi""
The coordinates for reference points 4 and C© are

Aras, —oes(10)  cists o)

The radius of the circle is

R= |:\n'{415 -57.5)7 4 192,50 | 10°%) =as0.74( 10°%)

[
==
5
A2
478
h] A
e-*"q I:-;'.z-;'
2 c s cw™)

- =275

y

= {ieé)

In-Flane Principal Strain: The coordinates of points 8 and
[¥ represent £y and £, respectively.

£ =(57.5+459.74)( 10°7°) = S17(10°%) Ans
£, = (57.5-459.74) [ 107*) = ~02( 107*) Ans



10-31. The 60° strain rosette is mounted on a heam. The

following readings are obtained from each gauge: €, =
150(107%), €, = —330(107"), and €, = 400(107*). Determine
(a) the in-plane principal strains and (b) the maximum in-
plane shear sirain and average normal strain. In each case
show the deformed element due to these strains.

Strain Rosettes (60°): Applying the equations in the text with £, = 150( 10'6) v
g, =-330(107), £, = 400(10°) , 8, ==30°, 6, = 30° and 6, = 90°,

400( 107°) = £,c05*90°+ £, 5in*80° + ¥, , 5in90° cosY0°
€, =400( 10°)
400(107°) = £,c05"90° + £, 5in"90° + 7, 5in90° c0s90°

€, =400( 107°)

150( 107*) =, cos*(=30%) +400( 10*) sin*(=30°) + 7, sin(-30°)cos(~30°)
50.0(107°) =075 ¢, —043307,, [

-330(107%) = ¢, c0s730° +400( 10™*) 5in*30° + 7, 5in30°c0s 30°
-430(10*) =0.75¢, +0.4330 7,, [2]

253-33

,e=-428 '36
.

27773

(IO
=

n

26,

k7335

b 3
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Construction of the Cirele: With £, = 13333 10") | e, = 400 ||}'°"} . and

"_‘2; =-27113(107)

Ly 573

B 4E, _(-253.33+~tﬂ(!
N Fl

]l{ Wy =733(107°)  Ans
Coordinates for reference points A and C age
A-25333, —aman(0t) ci7aaa o)

The radius of the circle is

&= (V2533347233 277,03 ) (10°°) = 42838 10°%)

a)
In-Flane Principel Scrain: The coordinaes of poins § and

0 represent £, and €, , respocively.

g, = (7333+428.383{ 107°) = s02{ 10°%) Ans
£, =(7333-428.38)(107) = -355( 107" Ans

CUrientation of Principal Strain: From the circle,

1713
lan I8

5 —————— m L B8 28 431"
7S 3533347303 G

28, = 1807 -28,

1807 — 40,317
B, =—————— = 60E" (Clockwisel  Ans
b Orienration of Maximum In-Plane §kear Strain: From the
Mazximum In-Plane 5Shear Strain: Represened by the arcle.

canirdinmes of pone £ on the cirele,
253,33+ 7333

¥ oman L 28, = e = P LTSS
2B = R = -42838( 107) -
Y m =-857(107) Ans 8, =248 (Clockwise) Ans

o plane



#10-32, The 45" strain rosette is mounted on a steel shaft
The following readings are obtained from each gauge:
€, = 8O0(L07), e, = 52001079), €. = —450{ 107} Determine
the in-mlane princinal straing and their orientation .

£, =B0OUI0™™) & =5200107%) e, =-450(107%)
8, = -45° G =0° 8, =45°

£4 = £,008" By +s,s'u11 By + ¥., sinfycos b,

520(107*) = £,c05°0° + £, 5in*0° + 7,, sin 0 cos 0°

£, = 520(107%)

£a = £,€087 B, + E, sin® 8, + Yy 58, cos B,

800(10™*) = £,c05” (-45°) + £, 5in” (~45°) + 7., sin (~45°) cos (-45°)
300(10°%) = 0.5, +0.5, —0.57, (1)

€. =£,c05" B, +&,5in° 6, +7,, 5ind, cosb,

-450(10%) = £.c0s°45° +Ey sin®45° + ¥y 5in 45° cos 45°
-450(107%) = 0.5¢, +0.5¢, +0.57,, @

Subract Eq. (2) from Eq. (1)
1250(10°°) = ~7,,

Yay = =1250(10°°)

£, =-170(107%)

%"— = —625(10%)

A(520,-625)107%  ¢€(175,0010°¢

& = ({520~ 175)* + 6257]10°% = 713.90(10"%)

£ =(175+713.9)10° = 88%(10°%)  Ans
£ =(175-713.9)107 = -539(10%)  Ans

&n 26, = —35__
520-175
28, = 61.1° (Mohr's circle)

8, = -30.6° (clement)  Ans
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