Mechani cs of ©Iygl;soeanidlfac‘:!tl§n S%lllth Agsliamte Eg 5&1!1 g[l] righ.s pagtgl!ed.e "Fhis%gtler}éllf:ig p90@e§tedl\14§£r%ﬁ'!:opyright 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.

2-1 The center portion of the rubber balloon has a
diameter of d =100 mm. If the air pressure
within it causes the balloon's diameter to
become d =125 mm, determine the average
normal strain in the rubber.

Given: dO = 100mm d:= 125mm

Solution: d

nd—ndo
g=—

TCdO

mm
€ = 0.2500 — Ans
mm

Ans:
€cz = 0.00250 mm /mm, €zp = 0.00107 mm /mm
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2-2. A thin strip of rubber has an unstretched length of
375 mm. If it is stretched around a pipe having an outer
diameter of 125 mm, determine the average normal strain
in the strip.

Ly=375mm

L = 7(125 mm)

e=L=Lo_ 1257 =375 _ 1475 mm/mm
Lo 375

Ans.

Ans:
€ = 0.0472 mm/mm

106




© Pearson Education South Asia Pte Ltd 2014. 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.

2-3. The rigid beam is supported by a pin at A and wires
BD and CE. If the load P on the beam causes the end C to _bT 5
be displaced 10 mm downward, determine the normal strain

developed in wires CE and BD.

ALgp  ALcg
37
3 (10)

ALcg 10

€CET T T 2000 0.00250 mm/mm Ans.
AL 4.286

€sp = LBD = 4000 = 200107 mm/mm Ans.

3 & pr

Ans:
€ceg = 0.00250 mm/mm, egp = 0.00107 mm/mm
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*2-4. The force applied at the handle of the rigid lever
causes the lever to rotate clockwise about the pin B through
an angle of 2°. Determine the average normal strain
developed in each wire. The wires are unstretched when the
lever is in the horizontal position.

o

2
Geometry: The lever arm rotates through an angle of § = (180

)ﬂ-rad = (0.03491 rad.

Since 6 is small, the displacements of points A, C, and D can be approximated by

8,4 = 200(0.03491) = 6.9813 mm
8¢ = 300(0.03491) = 10.4720 mm
8p = 500(0.03491) = 17.4533 mm

Average Normal Strain: The unstretched length of wires AH, CG, and DF are

L, = 200 mm, Lo = 300 mm, and Lpr = 300 mm. We obtain

) 6.9813

(favg)AH = T:H = 200 = 0.0349 mm/mm Ans.
Sc 10.4720

(€avg)cG = TCCG =30 0.0349 mm/mm Ans.
o 17.4533

(€aveg)DF = ngF = 30 0.0582 mm/mm Ans.
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2-5. The two wires are connected together at A. If the force P
causes point A to be displaced horizontally 2 mm, determine
the normal strain developed in each wire.

Ll = V300% + 22 — 2(300)(2) cos 150° = 301.734 mm

Ly — L 301.734 — 300
€ac = €ap = ACLAC AC _ 200 = 0.00578 mm/mm

300 may, ¢

1Sp° 2 YA,

Ans.

Ans:
EAC = €EAB — 0.00578 mm/mm
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2-6. The rubber band of unstretched length 27 is forced
down the frustum of the cone. Determine the average
normal strain in the band as a function of z.

Geometry: Using similar triangles shown in Fig. a,
h _h+h
ro 2r, 0

h" =h

Subsequently, using the result of A’

)
= . = —(z +
r Y (z+h)

Average No;mal Strain: The length of the rubber band as a function of z is
T
L =2zr = % (z+h). With Ly = 2ry, we have

27Tr0 R -2
L_LO h (z ) o

- - - .
€avg . 2 (z+h) -1 Ans

Ans:

a
eavg:;(z-i_h)_1
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2-7. The pin-connected rigid rods AB and BC are inclined
at 6 = 30° when they are unloaded. When the force P is
applied 6 becomes 30.2°. Determine the average normal
strain developed in wire AC.

Geometry: Referring to Fig. a, the unstretched and stretched lengths of wire AD are
L,c = 2(600 sin 30°) = 600 mm
L ¢ = 2(600 sin 30.2°) = 603.6239 mm

Average Normal Strain:

Lac = Lac _ 603.6239 — 600
Lac 600

(avglac = = 6.04(10*)mm/mm  Ans.

@)

Ans:
(Eavg)AC = 604(1073) mm/mm
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*2-8. Part of a control linkage for an airplane consists of a
rigid member CBD and a flexible cable AB. If a force is
applied to the end D of the member and causes it to rotate
by 6 = 0.3°, determine the normal strain in the cable.

' 300 mm

Originally the cable is unstretched.

300 mm

AB = V400 + 300°> = 500 mm

AB’ = \V/400* + 300% — 2(400)(300) cos 90.3°

= 501.255 mm
_ AB' — AB _ 501255 — 500
€aB AB 500

= 0.00251 mm/mm Ans.
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2-9. Part of a control linkage for an airplane consists of a %9",’

rigid member CBD and a flexible cable AB. If a force is D /

applied to the end D of the member and causes a normal , P

strain in the cable of 0.0035 mm/mm, determine the ,
! 300 mm

displacement of point D. Originally the cable is unstretched.

300 mm
AB = V/300% + 400° = 500 mm
AB' = AB + s,3AB
= 500 + 0.0035(500) = 501.75 mm
501.75% = 300% + 400> — 2(300)(400) cos a
a = 90.4185°
6 = 90.4185° — 90° = 0.4185° = 1;)0 (0.4185) rad
Ap = 600(8) = 600( 1;)0)(0.4185) = 438 mm Ans.
I A‘
M
i
!
y/- &
Sogmm
Ans:
Ap = 438 mm
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2-10. The corners of the square plate are given the
displacements indicated. Determine the shear strain along
the edges of the plate at A and B.

At A:
o (97 _ )
> = tan (710.2) = 43.561
9" = 1.52056 rad
V)t =% ~ 1.52056
= 0.0502 rad

At B:

¢ ,1(10.2) B )
y tan 07 )~ 46.439

¢' = 1.62104 rad

(Y8t = g ~ 1.62104

= —0.0502 rad

3mm — |«

16 mm

/ 3mm |16 mm

Ans.

Ans.

Ans:

16 mm

10,2in,

b
t
-
1018,
/m
N

(Ya) = 0.0502 rad, (yg),, = —0.0502 rad
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2-11. The corners B and D of the square plate are given
the displacements indicated. Determine the average normal
strains along side AB and diagonal DB.

Referring to Fig. a,

Lag = V16* + 16 = V512 mm
Lag = \/m = \/@mm
Lgp =16 + 16 = 32 mm

Lgp =13 + 13 = 26 mm

Thus,

Lap — Lap V425 — V512

(eave) a5 = = — —0.0889 mm/mm

Lap V512

Lypy — Lgp 26 — 32

(eave) D = = —0.1875 mm/mm

Lo 32

lomm

\\ 16 mm
)
N
N
N
D N\ B
7/
//
3 mm — . -
7 )
7,
//
2 3 mm 16 mm

16 mm

16 mm

Ans.

Ans.
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2-12
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2-13

Ans:

€pp = €,45c082 0 + €cpsin® 6
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2-14. The force P applied at joint D of the square frame
causes the frame to sway and form the dashed rhombus.
Determine the average normal strain developed in wire AC.
Assume the three rods are rigid.

Geometry: Referring to Fig. a, the stretched length of L ¢ of wire AC’" can be
determined using the cosine law.

Lac = V400> + 400> — 2(400)(400) cos 93° = 580.30 mm

The unstretched length of wire AC is

Lc = V400> + 400> = 565.69 mm

Average Normal Strain:

Lac' = Lac _ 58030 — 565.69
Lac 565.69

(€avglac = = 0.0258 mm/mm  Ans.

400

mm

(o

Ans:
(€avg)ac = 0.0258 mm/mm
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2-15. The force P applied at joint D of the square frame <200 mm—~—200 mm
causes the frame to sway and form the dashed rhombus. P D ————— lf _____ MC
Determine the average normal strain developed in wire ik B
AE. Assume the three rods are rigid. i I
i |
U
400 mm
1l
!

b
()
o

Geometry: Referring to Fig. a, the stretched length of L, g of wire AE can be
determined using the cosine law.

Lz = V400% + 200 — 2(400)(200) cos 93° = 456.48 mm

The unstretched length of wire AE is

Lar = V400°+200° = 447.21 mm

Average Normal Strain:

Lag — Lag  456.48 — 44721
(€avg)ur = Lon = 4471 = 0.0207 mm/mm  Ans.

Ans:
(€avg)ag = 0.0207 mm/mm
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#2-16. The triangular plate ABC is deformed into the y
shape shown by the dashed lines. If at A, 45 = 0.0075,
€4c = 0.01 and vy,, = 0.005 rad, determine the average
normal strain along edge BC. S N R

| h N

I N

300 mm | | R
7 /‘\’yxy N b N
! > N
| N N

A 400 mm B

Average Normal Strain: The stretched length of sides AB and AC are
Lyc = (1 + &)Lac = (1 + 0.01)(300) = 303 mm
Lap = (1 + g)Lap = (1 + 0.0075)(400) = 403 mm

Also,

9 == — 0005 = 1.5658 rad( 180 ) = 89.7135°
2 mrrad

The unstretched length of edge BC'is

Lpc = V300% + 400° = 500 mm

and the stretched length of this edge is
Lye = V3032 + 4037 — 2(303)(403) cos 89.7135°

= 502.9880 mm
We obtain,
Lyce — L 502.9880 — 500
€pc = BCLBC B _ 00 = 5.98(107%) mm/mm Ans.
c /
\\\
~N

-y
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2-17. The plate is deformed uniformly into the shape , y
shown by the dashed lines. If at A, y,, = 0.0075 rad., while Y
€ap = €4 = 0,determine the average shear strain at point
G with respect to the x” and y’ axes.
F E
I 7 ¥
| [
|
600 mm ,I DH————— C%
e /‘\ny |
I )’ 300 mm
I I l
180° 4 600 mm )
Geometry: Here, y,, = 0.0075 rad ad) = 0.4297°. Thus, 300 mm mm

Y =90° — 0.4297° = 89.5703° B =90° + 0.4297° = 90.4297°

Subsequently, applying the cosine law to triangles AGF’ and GBC', Fig. a,

Lgr = V600% + 300> — 2(600)(300) cos 89.5703° = 668.8049 mm

Lo = V6002 + 300> — 2(600)(300) cos 90.4297° = 672.8298 mm

Then, applying the sine law to the same triangles,

sing  sin 89.5703°
600 668.8049 °

¢ = 63.7791°

sina  sin 90.4297°

300 672.8298 ° @ = 264787

Thus,
0 =180° — ¢ — a = 180° — 63.7791° — 26.4787°

of mrad)
= 89.7422 ( : 800) — 1.5663 rad
Shear Strain:
(Vo)xy = % —g= g ~ 15663 = 4.50(103) rad Ans.

Ans:
(Y6)vy = 4.50(107%) rad
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2-18. The piece of plastic is originally rectangular. y
Determine the shear strain vy,, at corners A and B if the 3 mmy
plastic distorts as shown by the dashed lines. 2 mm .
[ g NS Sttty T bmm
2 mm [ B |
Cl ! /
1 1
1 1
1 1
300 mm|/ !
’ !
! J
| :4‘ o f2mm
400 mm—»—J
3 mm
Geometry: For small angles,
Y 2 0.00662252 rad
a=¢=—=0. ra
302
5m
B=0 2 0.00496278 rad amm £
=0=—=0. ra RSy bt |
403 a1y 4[4
! e
Shear Strain: ; A
300mn |/ b
! 9 ~1. 2mm
(’YB)xy =at B _-:-_-‘—_7:_-1_..1_
oo % I__j' x
= 0.0116 rad = 11.6(10%) rad Ans. Foomm
(YA)xy =0+ !1[/
= 0.0116 rad = 11.6(107%) rad Ans.
Ans:
(YB)xy = 11.6(107%) rad,
(Ya)xy = 11.6(107%) rad
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2-19. The piece of plastic is originally rectangular.
Determine the shear strain vy, at corners D and C if the
plastic distorts as shown by the dashed lines. Eﬂ mm |
dmmp T B ,', J4 mm
Cl! !
j /
300 mm|/ !
/ |
| !
W "7 [2mm
D A *
400 mm—w——‘
3 mm
Geometry: For small angles,
5
[-—znn d}c
— = -2 — 00049627 vad o A pama y L -,
] 103 0.00496278 rad = ._J:E"'"
[] !
ire .'
e L "'zmm
by ]
A
: 7 —x
b 400 mm jmpl:‘—

2
B =0 =—-—=0.00662252 rad

302
Shear Strain:
(yc)xy =a+ B
= 0.0116 rad = 11.6(10") rad Ans.
Ans.

(’YD)xy =60+ ¢
= 0.0116 rad = 11.6(107) rad

Ans:
(¥c)xy = 11.6(107%) rad,

(¥p)xy = 11.6(107%) rad
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#2-20. The piece of plastic is originally rectangular. y
Determine the average normal strain that occurs along the 2 mm)
diagonals AC and DB. 2 mm B
N o RS SES b T ]4 mm

2 mm ] B |

Cl !

1 1

1 1

1 1

300 mm|/ !

/ !

1 1

- __J

—————— - | |2mm X
400 mm———
3 mm
Geometry:

AC = DB = V400? + 300% = 500 mm

DB’ = V405 + 304> = 506.4 mm
A'C’ = V401% + 300% = 500.8 mm

Average Normal Strain:

A'C' — AC  500.8 — 500
AT T A T 500
= 0.00160 mm/mm = 1.60(10’3) mm/mm Ans.
DB' — DB 506.4 — 500
BT DB 500
Ans.

= 0.0128 mm/mm = 12.8(1073) mm/mm
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2-21. The rectangular plate is deformed into the shape of a
parallelogram shown by the dashed lines. Determine the

average shear strain vy, at corners A and B.

Geometry: Referring to Fig. @ and using small angle analysis,

6=-——=0.
300 0.01667 rad
¢ = 200 = 0.0125 rad

Shear Strain: Referring to Fig. a,

(Ya)xy = 0 + & = 0.01667 + 0.0125 = 0.0292 rad
(Y8)sy = 0 + ¢ = 0.01667 + 0.0125 = 0.0292 rad

300 mm /
|
: |
i _
- | Bmm N
A B
400 mm
Ans.
Ans.

Ans:
(Ya)xy = 0.0292 rad, (yp),y, = 0.0292 rad

125




© Pearson Education South Asia Pte Ltd 2014. 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.

2-22. 'The triangular plate is fixed at its base, and its apex A is
given a horizontal displacement of 5 mm. Determine the shear
strain, yy,, at A.

L = V800> + 52 — 2(800)(5) cos 135° = 803.54 mm

sin 135°  sin 6

20354~ 800" 0 = 44.75° = 0.7810 rad L
T T A0 &1
Yo =5~ 20= 2~ 207810) - A
135 i
= 0.00880 rad Ans.
Ans:

¥4y = 0.00880 rad
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2-23. The triangular plate is fixed at its base, and its apex A
is given a horizontal displacement of 5 mm. Determine the
average normal strain €, along the x axis.

L = V8002 + 52 — 2(800)(5) cos 135° = 803.54 mm

_803.54 — 800

€, 300 = 0.00443 mm/mm

Ans.

Ans:
€, = 0.00443 mm/mm
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*2-24. The triangular plate is fixed at its base, and its apex A
is given a horizontal displacement of 5 mm. Determine the
average normal strain €, along the x’ axis.

L = 800 cos 45° = 565.69 mm

5

€ = Se560 0.00884 mm/mm

Ans.

$9 00
‘I
L § g,
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2-25. The square rubber block is subjected to a shear
strain of vy,, = 40(10%x + 20(107%)y, where x and y are
in mm. This deformation is in the shape shown by the dashed
lines, where all the lines parallel to the y axis remain vertical
after the deformation. Determine the normal strain along
edge BC.

Shear Strain: Along edge DC, y = 400 mm. Thus, (y,,)pc = 40(10%x + 0.008.

d
Here,ﬁ = tan (yyy)pc = tan [40(107%)x + 0.008]. Then,

X 300 mm
/ dy = / tan [40(10"%)x + 0.008]dx
JO 0

300 mm

1
8, = —76{111 cos {40(10_6)x + o.oosﬂ
40(10°°)

= 4.2003 mm

0

d
Along edge AB, y = 0. Thus, (vy)as = 40(107%)x. Here, ?i = tan(yyy)ap =
tan [40(10~%)x]. Then,

dp 300 mm
/ dy = / tan [40(10 %) x]dx
0 0
1

op = —40(106){ln cos {40(1076))(}}

= 1.8000 mm

300 mm

0

Average Normal Strain: The stretched length of edge BC is

Lpc = 400 + 4.2003 — 1.8000 = 402.4003 mm

We obtain,

Lpc — Lpc _ 402.4003 — 400

Lpc 400
*

(A —
P /% 'F

C

(€avg)Bc = = 6.00(107%) mm/mm Ans.

400mm

400 mm

Ans:
(€avg)pc = 6.00(107%) mm/mm
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2-26. The Polysulfone block is glued at its top and bottom
to the rigid plates. If a tangential force, applied to the top
plate, causes the material to deform so that its sides are
described by the equation y = 3.56x!4, determine the shear
strain in the material at its corners A and B.

o |
o x
BRSNS 1428l
Prob. 2-33
y=3.56 4

é! =0.890 x—3/4

dx

ix =1.123 x3/4

dy

AtA, x=0

At B,

2=3.56x"
x = 0.0996 mm

dx
7B = 5" 1.123(0.0996)*"* = 0.199 rad

Ans

Ans:

( €avg ) CA

= —5.59(107%) mm/mm
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2-27. The square plate ABCD is deformed into the shape y
shown by the dashed lines. If DC has a normal strain Y x
€, = 0.004, DA has a normal strain €, = 0.005 and at D,
Yxy = 0.02 rad, determine the shear strain at point E with A’600 mm
respect to the x” and y’ axes. 7 > B 7B
/ //
d /
d /
600 mm ,/ E !
/ //
/ /
/ /
/ / .
D c C’
Average Normal Strain: The stretched length of sides DC and BC are !
! X
\ A /
N Cii— L
74

LB'C' = (1 + Ey)LBC = (1 + 0005)(600) = 603 mm

Also,
1 o
a="T-002 = 15508 rad< 80 ) = 88.854° ’
2 mrrad éaomm
¢—3+002—15908rad( O)—91146° / N
2 R mrad) o Z.’Ii:c
J ! L
Thus, the length of C'A’" and DB’ can be determined using the cosine law with 1.
reference to Fig. a. 600 mm
Lea = V60242 + 6032 — 2(602.4)(603) cos 88.854° = 843.7807 mm @b )
Lpy = V602.42 + 6032 — 2(602.4)(603) cos 91.146° = 860.8273 mm
Thus,
Lca Lpp
Lpa = —<4 = 421.8903 mm Lpg = % = 430.4137 mm
Using this result and applying the cosine law to the triangle A'E’B’, Fig. a,
602.4% = 421.8903> + 430.4137% — 2(421.8903)(430.4137) cos 0
6 =89 94290(”“1) = 1.5698 rad
' 180° '
Shear Strain:
(YE)xy % — 9 =" — 15698 = 0.996(10"3) rad Ans.
Ans:

vE)yy = 0.996(1073) rad
y
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#*2-28. The wire is subjected to a normal strain that is
defined by € = (x/L)e_(X/L)Z. If the wire has an initial
length L, determine the increase in its length.

€= (x /L)e—(x/L)2

X -

1 [r .
AL = 7/ xe D ay
L Jy

/,-l‘ -gl}l

=~
e e
L

—(x/L* L
- -1 L =511 - (/0]

> [e — 1] Ans.
e
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2-29.

Ans:
(€avg)ac =0.0168 mm /mm,
(¥a)xy = 0.0116 rad
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2-30. The rectangular plate is deformed into the shape y
shown by the dashed lines. Determine the average normal
strain along diagonal BD, and the average shear strain at 6 mm
400 mm
corner B. ‘
me*‘gmm R
e 1 I6mm
1D C |
| I
| |
300 mm |
|
|
‘ ;J 2 mm
______ | )
a B r
Geometry: The unstretched length of diagonal BD is 400 mm -3 mm
Lgp = V3002 + 400> = 500 mm
Referring to Fig. a, the stretched length of diagonal BD is
Lgp = \/(300 +2 —2)% + (400 + 3 — 2)> = 500.8004 mm
Referring to Fig. a and using small angle analysis,
2
¢ = 08 - 0.004963 rad
o = m = (0.009868 rad
Average Normal Strain: Applying Eq. 2,
Lgpy — L 500.8004 — 500 _
(€avg)BD = BDLBD BD 500 = 1.60(10"%) mm/mm Ans.
Shear Strain: Referring to Fig. a,
(YB)xy = ¢ + @ = 0.004963 + 0.009868 = 0.0148 rad Ans.
% 3mm
(
2mm / —J
D IRl Ly by
- é"""‘“ I L omm
3 \\ ,:
Pl [
~
| ~ e
Jo0mm | i o ||| Beomm
~
mel; ) SO\ zam
| _ %
- T F x
= 2mm — [
400 mm 1N3mm
) Ans:
(€avg)pp = 1.60(107%) mm/mm,

(v8)xy = 0.0148 rad
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2-31. 'The nonuniform loading causes a normal strain in I |

the shaft that can be expressed as €, = kx?, where k is a \

constant. Determine the displacement of the end B. Also, A

what is the average normal strain in the rod? -
I

d(Ax)
& kx?
L 3
(Ax)p :/ kx® = kL Ans.
0 3
kL’
(Ax)s 3 kL2
(ex)avg = L = L = ? Ans.

Ans:

kL’
(Ax)p = Ta (Ex)avg = T

kL?
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#2-32 The rubber block is fixed along edge AB, and edge y
CD is moved so that the vertical displacement of any point
in the block is given by v(x) = (vy/b*)x>. Determine the
shear strain v, at points (b/2, a/2) and (b, a).

Shear Strain: From Fig. a,

v
-~ = tanvy,,

dx

31)0
?xz = tan Yxy

_1f 3
Yxy = tan 1<Fx2)
Thus, at point (b/2,a/2),
= 31}0 b 2
'ny = tan 1{?(5) :|
v,
= tan‘{%(;o)} Ans.

and at point (b, a),

3w
Yxy = tan 1[730@2)}

-y .
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2-33. The fiber AB has a length L and orientation 6. If its
ends A and B undergo very small displacements u 4 and vp,
respectively, determine the normal strain in the fiber when
it is in position A'B’.

Geometry:

Lag = V(LcosO — uy)? + (Lsing + vg)

= VL2 + 14 + v} + 2L(vgsin 6 — w4 cos6)

Average Normal Strain:

Lap - L
as= = p

_ uy + v% | 2(vgsin @ — uy cos6)
=,/1+ + -
\/ L? L

1

Neglecting higher terms 12 and v%

2(vgsin 6 — 1, cosh) b
EAB_[H(B —u )}_

Using the binomial theorem:

1(2vgsin @  2u, cosb
eAB:1+2< B - A >+_1

L L

vpsin®  u,cosh
L L

Ans.

Ans.

€AB =

vpsin®  uycosd

L L
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2-34. If the normal strain is defined in reference to the
final length, that is,

instead of in reference to the original length, Eq. 2-2 , show
that the difference in these strains is represented as a
second-order term, namely, €, — €, = €,¢€,,.

AS" — AS
= a5

AS' — AS AS' — AS
BTEAT NS T AY
AS’? — ASAS’ — AS’AS + AS?
ASAS’
_ AS? + AS? - 2A8'AS
B ASAS'

_(As - Asp <AS’ - AS)(AS’ - AS>

ASAS’ AS AS’

= €,€3 (Q.ED)
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