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2-1.

An air-filled rubber ball has a diameter of 6 in. If the air
pressure within the ball is increased until the diameter
becomes 7 in., determine the average normal strain in the

rubber.
Solution
dO = 6in.
d=7in.
pd -pdy 7-6
P= = = 0.167 in.>in. Ans.
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Ans:
P = 0.167 in.>in.
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2-2.

A thin strip of rubber has an unstretched length of 15 in. If it
is stretched around a pipe having an outer diameter of 5 in.,
determine the average normal strain in the strip.

Solution
Lo = 15in.
L = p@in)
L-1lp 5p-15
P = = = 0.0472 in.>in. Ans.
Lo 15
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Ans:
P = 0.0472 in.>in.
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2-3.

If the load P on the beam causes the end C to be displaced }
10 mm downward, determine the normal strain in wires CE D E
and BD.

Solution

Lgp = 7 = 4.286 mm

_Lce 10
Pcg = = = 0.00250 mm>mm Ans.
CE L 4000
4.286
Pon = —Leo _ 2258 _ 409107 mm>mm Ans
BD Jm L 42000 N
[ P
~ Alig= 10mm © OS eﬁ@
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Ans:
Pce = 0.00250 mm>mm, Pgp = 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

wires are unstretched when the lever is in the horizontal

position.
___H
Solution —
Geometry: The lever arm rotates through an angle of u = alg 0bprad = 0.03491 rad.
Since u is small, the displacements of points A, C, and D can be approximated by
d, = 200(0.03491) = 6.9813 mm
dc = 300(0.03491) = 10.4720 mm
dp = 500(0.03491) = 17.4533 mm
Average Normal Strain: The unstretched length of wires AH, CG, and DF are
Lan = 200mm, Lcg = 300 mm, and Lpg = 300 mm. We obtain S
da _ 6.9813 $© SO
A _ 6. _ & Snod.
Pasgdan = | = ogp = 0.0349 mmmm P @si \6.
N\

dc _ 104720
(Pavg)ce = Lce 300

do _ 17.4533
(Pavg)DF = Lpr 300

| grorevrs & -
VAL, NS P ATE S S0 C o

b e e W
» - Nunwn. VAL

Ans:
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(Pavg)an = 0.0349 mm>mm
(Pavg)ce = 0.0349 mm>mm
(Pavg)or = 0.0582 mm>mm
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2-5.
The rectangular plate is subjected to the deformation shown y
by the dashed line. Determine the average shear strain g,
in the plate.
Bl |
200 mm
Solution
Geometry: A |
3 “3mm
= -1 — _
u = tan 150 - 0.0200 rad
u=aP +00200b rad
2
Shear Strain:
p p P
=_ -u=_ -a,_ +00200b
A B T
N
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O o N
& &,
= -0.0200 rad & Fne
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Oy = -0.0200 rad
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2-6.
The square deforms into the position shown by the dashed y
lines. Determine the shear strain at each of its corners, A, B,
C, and D, relative to the X, y axes. Side D B remains D; = —3mm
horizontal. T “ I
\ =
53 ?Jhm 50 mm
015
Solution _JAL \ c N y
Geometry: ‘ ‘ "
50
B C = 2(8+32+{53sin885) = 54.1117 mm m S
C D = 2532+582—2(53)(58)€659+5
= 79.5860 mm
B D =50+ 53sinl5 - 3= 48.3874 mm
865°
BD)Y+(BC)-(CD)> X 7
"‘~ A e‘/sa‘ 8
cos u = 2B D)B C) “' N \A,'l \
48.38742—+ 54.11£7L: %‘{\\(\Q %$@53mm ‘,‘. /,/ . - :\CB 50mm
= 79.5860¢ Q¥ grst
I ——— = -0.20328 & \ 3
2(48.3874)(54.1117) ¥ ;\\g\ @g@\“ A A
= 101.73 & & & %mm gmm
T 9:\%6 & SR
— _ XY QO N
b =180 -u=7827 220 O Ky
Shear Strain: 0\\%\) Q‘%}o &S
X O
p 915 SS‘}@\ %1922“{-\ 0
(Ga)y = , - Pa___ b= -00262rad Q}c’,@o@A ‘3\\% & Ans.
2 180 ,g‘;b% 9@0‘& \\‘(@
\%?\\ S o
_ 0{(‘6’ ’ng{b \’\\A
2 P 101.73 $®—Q 0?05 raég’q Ans
= -_ = - N\ - .
(9B)xy o TUT 5 T PA 1ga0X ‘\0%% <
N
. f’&%&% %\&oﬁ
Q'
p _ 7827 p_ &
=p-P= b - " = &.205rad Ans.
@)y =b -5 =PA gy Dy =
88.5 p
= pa b -7 = -0.0262 rad Ans.
(gD)xy p 180 2
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Ans:

(9p)xy = -0.0262 rad
(98)xy = -0.205rad
(9c)xy = -0.205 rad
(9p)yy = -0.0262 rad
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2—1.

The pin-connected rigid rods AB and BC are inclined at
u=30 when they are unloaded. When the force P is applied
u becomes 30.2 . Determine the average normal strain in
wire AC.

Solution

Geometry: Referring to Fig. a, the unstretched and stretched lengths of wire AD are

Lac = 2(600 sin 30 ) = 600 mm

Lac = 2(600 sin 30.2 ) = 603.6239 mm
Average Normal Strain:
Lac - Lac 603.6239 - 600 _3
(Pavglac = Lac = 600 = 6.04(10 ) mm>mm Ans.
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Ans:
(Pavgac = 6.04(107%) mm>mm
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*2-8.

The wire AB is unstretched when u= 45 . If a load is applied
to the bar AC, which causes uto become 47 , determine the
normal strain in the wire.

Solution

2= 12+ L4 - 2LLa cos43
B

Lag = 2L cos 43

Lag=Las
L AB

PAB -

_ 2Lcos43 - 22L

221
= 0.0343 Ans.
O
o &
& oé\ﬁ‘e&
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Ans:
Pag = 0.0343
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2-9.

If a horizontal load applied to the bar AC causes point A to
be displaced to the right by an amount L, determine the
normal strain in the wire AB. Originally, u= 45 .

Solution -

Lag = A{220)2+—+t2=2( 22L)( L)cos 135
= 2212+ 12+2L L

_La -Lps

PAB 1

2212+ 12+2L L - 221

— 22t
—2 L
= 1+ + -1
© 212 L o $
£ 0 N
. . ‘\\'b @0&®,§©
Neglecting the higher- order terms, S &L
AN o‘~\b &
L RGN
Pag = al + ' b -1 $9 S NACR
6% & & qo o
I T (\'\@ & be‘{\‘ 0\0 N
=1+ 2 1 + . -1 @0%\0 é@@gﬂﬁ\lal theorem)
SO S
Q,e’@' \*\ 9%\ $os(\®
05 L & L@ S
é é‘b Q? \‘@ *0
\%be‘ {\6 {\0 {\\ . R
T L &é“«o\\\ e"’fb Q'b-\{\\?’q Ans. o bloeds
&(\\% } \@Qo‘;\%x'b@\‘%@ ’2 :z
Also, ISP
P 2% b
Lsin45 _ 05 L MRS

Pag = L =L D Ans.

Ans: Pag =
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2-10.
Determine the shear strain g,, at corners A and B if the y
plastic distorts as shown by the dashed lines. 12 mm
amm 1
Immt | |B 8¢mm
cl?
300 mm
. y N |—1—2 mm
Solution 200 mm s
Geometry: Referring to the geometry shown in Fig. a, the small-angle analysis gives m
a=c= 306 - 0.022876 rad
b = = 0.012255 rad
u-= = 0.0049383 rad
Shear Strain: By definition,
_ _ - 3 &
(Oa)xy = U + ¢ = 0.02781rad = 27.8(107%) rad & < %@0®\$
- P P L&
(8)y = @ + b = 0.03513 rad = 35.1(1073) rad *@.@\"’%@g&b
S P
& ’@0\(@’. ® Q}é\
%\_'b & & o R
5 & Lo O
> e
MQ’Qé‘)b,bob
AN
5’7)”(- l 04\\‘\
&
«
S00mm
b Az
( X
AMmm

Ans:
(9a)xy = 27.8(1073) rad
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(9B)xy = 35.1(107%) rad
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2-11.
Determine the shear strain g,, at corners D and C if the y
plastic distorts as shown by the dashed lines. 12 mm
4mm I
3 mm: — |B 8¢mm
cl?
300 mm
r ‘—1—2 mm

Soluti =4 p— #
olution L 400 mm mnl

Geometry: Referring to the geometry shown in Fig. a, the small-angle analysis gives

4
a=c= 303 © 0.013201 rad

2
= = 0.004
u 0.0049383 rad

b = 433 = 0.012255 rad

Shear Strain: By definition,

N
0
(G)c = @+ b = 0.02546 rad = 25.5(107%) rad & SN
\\'b 0&0’5\\.\3@
(9x)p = U + € = 0.01814rad = 18.1(10°) rad $‘@‘1@‘°\© 0.
ST
R A
6% 0\\0\6'0 q0 (\0
e & S8
QO 0"9 bq, 06
*\) ,00 é\o .. \(\(} \{:bo
S ® e
S & L@
4mm S O P @ &S
L F N S
cH T
i — T S @z@:\- 2
3 7 NN & KQALS\
x ’DQ N \Qvo g?
@ \“Q) > Q}'}
o\{s\b /

f
300mm| |/

3

I

|

Ans:
(9yy)c = 25.5(107%) rad
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(9x)p = 18.1(107%) rad
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*2-12.
into the dashed position shown.

The material distorts
P and the shear

Determine the average normal strains
strain g,, at A, and the average normal strain along line BE

Solution
Geometry: Referring to the geometry shown in Fig. a

tan u = ;‘5%; u = (3.4336 )a radb = 0.05993 rad
Lac 2152 + 150° = 262725 mm
EE 50
; = 6mm

BB 200
; BB = 12mm 30 " 250° EE

o
|

144 mm
*0\
NORY

N
Lge = 2150% + 1502 = 15022 mm Lg¢ 2144% + 150% = 24 gfhgir
b

Average Normal and Shear Strain: Since no deformation occurs alongsi’( Qx%oﬁe' &,,

=150 + 6 - 12

x =150 + EE - BB

(P)a =0 6@@’0\@ \\\Q @hs
L - L 262725 - 250 AN g <\

_ =AC_—=AC _ =2£&les = oo 3 S
(Py)a Lac 250 = 1.80(10~ 133‘15}30 b\q}‘b Ans.

By definition,
) -
g @Q’ ré‘ ,bé » Ans.

(9xy)a = U = 0.0599 rad
Lge - Lgg 243236 - Q@‘S
224 6\ og
\QJ EN

LBE = Q
3
15022 ‘%‘ $°F

Ans.

Pee =

S0mm B

|50mm y

e
/
©
/4
/4
~

e

S0mm =2 E Y ls0mm
: x

I( 150 mm
Ans:
(PY)a =0
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(Py)a = 1.80(107%) mm>mm
(9xy)a = 0.0599 rad
Pge = -0.0198 mm>mm
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2-13.
y

The material distorts into the dashed position shown.

AD and CF.

Solution
Geometry: Referring to the geometry shown in Fig. a,

Lap = Lop = 2150%+-250° = 285000 mm
Lap = 2(150+-30)>+250° = 2294900 mm
Ler = 2(150=15)>+250° = 280725 mm

Average Normal Strain:

Lap =1 ap 204900 - 285000
= = 0.0566 mm>mm Ans.

P =
AP Lap 285000
Ler = lee 280725 - 2285000 5
O o W
@ &,
Pcr = = = -0.0255 mm>mm\rz>*‘,bc‘f‘f6511’?;3;1\$
Lcr 285000 {9& LS
AN S
SU” O ¢
U‘ EA A
1Smm 30mm 25 P S
Q\\@ \)%e, b®(\ \)&Q b\q’
‘o\\\)\‘\@ ‘}0 '\\Qc}‘{-fbo
/ D B S O gE <
C C \%K £ L@
- yo\QJ 6® @ K\‘(\
) N /Zéé SIS
N o{{‘ ;\\0 ‘bo ’b(\ ®$\
ANY lo" ¢ (P&
| \ ﬁé \%?00« \,bQ ‘&\Qv
I \\ {498 o
! \ /7 T
I £ &
A£50mn : / P
7\ [
AN
4’ /" O\ i
‘ .
|
[
X
A £
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Ans:
Pap = 0.0566 mm>mm
Pce = -0.0255 mm>mm
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2-14.

Part of a control linkage for an airplane consists of a rigid
member CB and a flexible cable AB. If a force is applied to
the end B of the member and causes it to rotate by u= 0.5,
determine the normal strain in the cable. Originally the
cable is unstretched.

Solution

Geometry: Referring to the geometry shown in Fig. a, the unstretched and stretched
lengths of cable AB are

Lag = 26007+ 8002 = 1000 mm
Lag = 2600°+ 800> = 2(600)(800) cos90.5 = 1004.18 mm !

Average Normal Strain:

600 mm

Lag = Lag _ 1004.18 - 1000 _
Lag = 1000 = 0.00418 mm>mm Ans.

|:JAB -

Ans:
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Pag = 0.00418 mm>mm
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2-15.

Part of a control linkage for an airplane consists of a rigid
member CB and a flexible cable AB. If a force is applied to
the end B of the member and causes a normal strain in the
cable of 0.004 mm>mm, determine the displacement of
point B. Originally the cable is unstretched.

Solution

Geometry: Referring to the geometry shown in Fig. a, the unstretched and stretched
lengths of cable AB-are

LAB = 26002 8002 = 1000.mm
Lag = 26002+ 800% — 2(B00)(800) cos (90 + u)
Lag = 21(10% - 0.960(10%) cos (90 + u)

Average Normal Strain:

Cag - L -0 cos ) -
Pag = 0 "B 0004 =
Lae 1000
—— O
Q'
u= 04788 a b b = 0.008350 rad © (HS
NGNS
Thus, 4‘\@@\‘\;&@«\6 >
S N\ A\O .%0
S Q ] S
\'3@609’% @ng® \Q?}
DN R OO
g = ulgc = 0.008350(800) = 6.68 mm S0 Ans
F TS S
) “\,’(\zq‘} Q(\&
A & S O
8 & D 7 S
S S P&
SR T &
B &S &S
’2'\0 NN
8 L S
S 00 6\ \\\.
/ NS
1 S
18] ¢3°
. / / 800mm
’/
4 / o

mm
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Ans:
g = 6.68 mm
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*2-16.

The nylon cord has an original length L and is tied to a —— b

bolt at A and a roller at B. If a force P is applied to the L

roller, determine the normal strain in the cord when the pj

roller is at C, and at D. If the cord is originally unstrained B C D

when it is at C, determine the normal strain Pp when the
roller moves to D. Show that if the displacements . and
p are small, then Pp = Pp — Pc.

L
Solution
Lc = 2L+ ¢
o o 20F E-L AD)
5 E
—
Lal+ 1 72-L 2
= = = + ~ph -
L Cl aLzb 1
For small ¢,
1 ¢ _
Pc:l+2aL2b—1—

In the same manner,

N =
'_Nll")m
§
S L
N
o %o
e, b
%, 7
&3
e

1.3
Pp = 2
P~ 212
2 2 2
. 212+ p-2L + ¢
e =
2L°+ ¢

For small cand p, =

1. %29 14,12 1 ‘a S o
l1+1-22 - 11+1-2) —(_Cz—— 39 ¢
_ 22 212 _ 21 $ %
Po = 2 =1 2 O
11+ 5 222l + ¢)
_(23_'_2Q L 2 2
Pp = o2 _ Z:2L2( c- b)) =Pc-Pp QED

Also this problem can be solved as follows:

Ac = Lsecug; Ap = Lsecup
Lsecuc - L
Pc = = =secuc -1
L
Lsecup - L
Pp = - =secup -1

L

Expanding sec u |2

u

120120
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secu =1+ +
21
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*2-16. Continued

For small u neglect the higher order terms
2

secu =1+
2
Hence,
2 2
uc™ _ ¢
Pe=l+ 5 m1=275
2 2
Up Up
Phb=1+ - -1="2
P 2 2

_ Lsecup - Lsecus  secup

= -1l=secupcosuc -1
D L sec uc Sec Uc b ¢
4 Q
\’b$ @QQ‘&\OQ <
Wyl DGR
Since cosu = 1 - + $ e z&\é N
21 41 RS AMCORCR
@ PO N &
up® uc? P T &
SeC U COSUs = al + ~—...bal - = .. b 37 & & S
P ¢ 2 2 RPN
S P E S
ARG R
o‘\ @ .0
21,2 DN
-1 ug . up  udup & & o&\p‘
22 S
AN AP
{{“\6 606 Qb’b é\ {\\4‘
\So o\.\\ %’b Q‘bé \.QQ
Neglecting the higher order terms ¥ ¢ \@00&(@\(\
w2 u2 S L &N
b _ “C P ot a0 O
sec Up COS Ug = 1 + - & PP
2 2 G
S%
o ) u? U — ug  ué
=¢1l+ - - =d - = -
b 2 2 2 2
= PD - PC QED

Ans:
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N =N
M b
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2-17.

A thin wire, lying along the x axis, is strained such that each r
point on the wire is displaced  x = kx? along the x axis. If k

is constant, what is the normal strain at any point P along X

the wire?

Solution

P = dx = 2kx Ans.

12424
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Ans:
P = 2kx
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2-18.
Determine the shear strain g,, at corners A and B if the y 5
. . mm
plate distorts as shown by the dashed lines. o]
2mm | o
ammp | B | |4mm
cl! /
300 mm |{ :
i ,' 2 mm
\D _—_\j X
R 400 mm
Solution _J
3mm
Geometry: For small angles,
a=-c= 2 0.00662252 rad
T 77302
b=u= CIs 0.00496278 rad 5m
T ! ¢
Zmm __—_LT---'1
2mm £ ----- e .]}"m‘
Shear Strain: ! ~ra
' [l
)
= 0.0116 rad = 116110732 rad S A O P e g s
(v\\,\’b\e:bo \(\Ib & 400 mm | l'J
(gA)xy =ut+c \xk\o" & %Q@‘\b S A
3 ORI
= 0.0116 rad = 116110732 rad G @ Ans.
F & SR
FE S S
PPN YA
N\ ge‘ Q;Q O b\
NSRRI
N P’
3OS © S
@ <0 & é N
00 ANY 6(0 N s{\e’
& % F e &
Q\ 6‘.’ rz? Q@ O
0P OO0
F S S
.e$o Ql\o «"oe% *\Q N
NS éfé‘ ?
NN g &
& K be?
O
$\

126126

Ans:
(9B)xy = 11.6(1073) rad,
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(9a)xy = 11.6(107%) rad
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2-19.
Determine the shear strain g,, at corners D and C if the y 5 mm
plate distorts as shown by the dashed lines. o]
2mm | o
ommt | 7T B Y |4mm
cli /
300 mm |{ :
i ,' 2 mm
1'D -------------- T X
. 400 mm
Solution |
3mm
Geometry: For small angles,
a=c= LI 0.00496278 rad
T
b=u-= 2 0.00662252 rad 5
T T30z J =
fo2ma 3o o--teo g/
and e T i
Shear Strain: \.'I,ag !
.' :
= 300 ! ]
C o U, |
= 0.0116rad = 11.61107%2 rad © SR ° e— S
QO 0@ P ) SO JS— T
_ X @ ((\\ 400 mm
(gD)xy =u+c {\\Q’é\o‘éoe' RO 3mm
3 S QP €
= 0.0116 rad = 11.6110732 rad & SO (@ A
PSSR
&) 1\\(\ ’é OQ S
S o0 %@ "
N\ ge‘ Q‘(\ O b\
P, o S
N P’
N AN
MO I GRS
xQ O & é N
00 ANY 6(0 N s{\e’
QUL
Q\ 6‘.’ rz? Q@ O
@ QO &
RS RS
S o &P
NS
,\‘0\65\9 c)o‘i\ & ®
NN \Q’o(\&
X P P
SO
&%

128128

Ans:
(9c)xy = 11.6(1073) rad,
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(Ip)xy = 11.6(1073) rad
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*2-20.
Determine the average normal strain that occurs along the y 5 mm
diagonals AC and DB. o]
2mm | o
omm] 1T B | |4mm
cl! /
300 mm |{ :
':D _,' thm X
———————————— |
R 400 mm
Solution _J
3mm
Geometry:
AC = DB = 2400% + 300% = 500 mm
DB = 2405° + 304% = 506.4 mm t
JE— Smm
- 2 2 — — P 8’
A C = 2401° + 300° = 500.8 mm Zrnm)?é,!:?r _________ ’ :,.'I:I}M
T N e R
Average Normal Strain: [ N !
' ’/ ~ ]
300 mm ‘; o 4 ,"ZMm
P = AC - AC 5008 - 500 A RN
ACT Ac T 500 3 N
> 400 mm EMM
<
= 0.00160 mm>mm = 1.60110732 mm>mm & *‘%@Q’S
\\ rbo.
o _DB - DB _ 5064 - 50 RN N
T pB 500 S &
o & O«
%@Q’.@“ S (&
N
= 0.0128 mm>mm = 12.81107°2 mm>mm D& & Aps,
\)5\\ \f-’QJ qﬁf@é (\b\
S XS P
C}le !\O‘ 9\%%0 \Qo
SO
Qﬁéro ,%0 *o
@ @ (\bﬁ &
o{(‘ \\\ [} Q QQ
& © e",b@ &
RN
NN Re Al
& KD \‘oﬁ
\‘.\O‘ 666
D
Ans:
130130
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1.60110732 mm>mm
Pps = 12.8110732 mm>mm

o

>

(e}
1
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2-21.

The corners of the square plate are given the displacements y
indicated. Determine the average normal strains P, and P, 0.21in.
along the x and y axes. AL l
AN 10)in
D 4 i, B
in IR X
03in. | 1N 4
Solution P03 in.|10lin,
-0.3
Py = = -0.03in.>in. Ans.
X 10 Y T
P, = E = 0.02in.>in. Ans. 0.2in.
)
0
<
S \‘ooe\$
NN RIS
NIRRT
*‘\Q%\(\ %%QJ ® &
(S I
NI
EISEIS
p° & 8 0.
(:\\Q) L S b\(\ 6\9
O X S
3} N NS
S S PG °
F N P e
& S 04\‘@
N
& RN gbb' Q)Q
O 2 N
& O P Q.
@ R See
AN 6\0 ¥
,b(\ Q}ﬁ N \go‘\
& &,-a’b 606
OS&
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Ans:
P, = -0.03in.>in.
Py = 0.02in.>in.

133133



© V0Pedrsarsal Gchtoanionge intdobiokerked) NAI Al tghtsseesen.ethis hisateaiek ialpsqtectedtaddendat] etpyopyimighiwsas teheyrcemtéptéyiskist.
NoNmpootiaf tfishinateaiatiaday de e pepaiodedenh, amarfgrforor by layyanyeareansyitvitlio ytepaissission writingifgofrothetpu plibisher.

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, g,,, at A.

Solution
L = 28002+ 52=2(800)(5) cos 135 = 803.54 mm

B U= 4475 = 07810 rad

803.54 ~ 800
2] P
Gy =, - 2u = 5~ 2(0.7810)
L
= 0.00880 rad Ans. KO
G‘|
& 1"?—1“
,35. L7
o
& (O
\.\0 2 ‘(‘Q &
NIRRT
4\96‘9 RS
SKs® RO E
@6 Q)o‘(\g. (7 \é\
RSN
) \\Q > o &
.‘\@6 20 &\G&(\Q . <,°
NP S &
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Ans:
Oy = 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 P, along the x axis.

Solution
L = 2800>+5>=2(800)(5) cos 135 = 803.54 mm
803.54 - 800
Py = 800 = 0.00443 mm>mm Ans.
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Ans:
P, = 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 P, along the x axis.

Solution
L = 800 cos 45 = 565.69 mm
5)
P, = . = 0.00884 mm>mm Ans.

Ans:

138138
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P, = 0.00884 mm>mm
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2-25.
The polysulfone block is glued at its top and bottom to the 3} = .
causes the material to deform so that its sides are described P
b : _ 1>4 : : — c
y the equation y = 3.56 x*", determine the shear strain at
the corners A and B. y = 3.56 x4 _
2in.
A| |D Lx
Solution
y = 3.56 x4
A

dy J

—= = 0.890 x~¥* & -/[

dx ~ /

"‘7

dx

dy = 1123 x34
At A,x =0

dx
9a = 4 =0 Ans. &\
dy $G-’ \(\Q;QOQQ$®
@ i
At B, S
SeHE K
2 = 356 x4 SIS
@ O P
X = 0.0996 in. OGO
dx \)5\@ & bq’&\\é&os@
%o = g, = 1123(0.0996)2¢ = 0.199 rad o (s@q@\i@"é\& Ans
o® \*\KO gg‘\@ QJ\‘A
«6@ o% £ @ N
‘%Q @6% b’b (‘)\\"‘\\,450
& &S S
S 9?;9 AQ ‘\(‘\@
P& o] S e
™IS o& *\.
(bo‘oé)\g &QJ e\go
S
$\
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Ans:
ga =0
gs = 0.199 rad
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2-26.

The corners of the square plate are given the displacements y
indicated. Determine the shear strain at A relative to axes
that are directed along AB and AD, and the shear strain at
B relative to axes that are directed along BC and BA.

in.— 12in. 12 in: ~—0.3in.
0.3in. A,

12in
Solution 7N
Geometry: Referring to the geometry shown in Fig. a, 12 in.
tan & = 123 - (93.85 )a-"radb = 1.6380 rad N
2 mp = GEESUETESIEY S iyl N ; 05 in.
C
T us p
t = = . S 1l
an , 123 T = (86.15 )a180 radb = 1.5036 rad

Shear Strain: By Eefinition,i

@ y) =2 -u="5 - 16380 = -00672rad Ans.
0
P _b_ - PP
@ y), =, - F =, - 15086 = 00672 rad < 0{@ é\lo%@g@@
<® S 6®0\6$6’
g 2P Qe
A \0(0 BN ° QQ. \‘QQ’ Qé
: ’ F IS S &
X L O O
- 08\\ QQ’QJ b?f\\\)b\ (\b\
I-5In 3 (2 &2 P
! = ’ & 90‘ é\ozo'\*e’@O
X - y. o\e}e,%e'%@@ s
7 3\ @e'% ‘\&g9
["5’”. &‘(\\Q \&000 o\’b ‘&\QJ
[ <
AL Sz,a-"\S
h $§\
= < = 7
/2-3in 2. 37n
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Ans:
(9 y)a = -0.0672rad
(9x y )8 = 0.0672rad
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2-217.
The corners of the square plate are given the displacements y
indicated. Determine the average normal strains along side
AB and diagonals AC and BD. 0.3 in— 12in. 12in. - 03in.
AN 05in.
12'in
Solution o
Geometry: Referring to the geometry shown in Fig. a, 12in
Lag = 21224122 = 1222 in. S ,
.7, 05in.
Lag = 21232+ 1152 = 228354 in. f
Legp = 2(12) = 24in.
Lgp = 2(12 + 0.3) = 24.6in.
Lac = 2(12) = 24in.
AC ( ) o (\Q Q& $Q‘)o\
’b$ (‘)(\\fb‘\\ob@
Lac = 2(12 - 0.5) = 23in. {9‘\\1\&@@%@
N @ L
%ooic}ézﬁ)\z$o &
Q RS
Average Normal Strain: é"}i\‘\ié&(\o“@ QQ} :
_ O ¥ O A
) (’\\ > @)
Lag -Lag 2228354 - 12 22 S ELS e
SPOTOEE
Pag = = = -7.87(89 FMFin. Ans
Las 1222 & DS °
L L HE @
) @6 S 6\ 0‘\
Lep - Lpp _ 246 - 24 e & §°
= —=58Db - &= = 3
Peo Lo ” &as\fi&;&iﬁ\bq q;\é@ Ans.
@0&\« PN
Lac =Lac_28-24_ o 06l & Ans
Pac Lac 24 Rl :
N = /
05 A
= e \\\
Izln _D // N
; & ,
Dl NOL
K %
N 7
v b
/2m. \\ 7
Se l 27
= N /
a:5in. 4
C
IZin /2in.
0-3in. 03in
Ans:
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Pag = -7.77(107%) in.>in.
Pgp = 0.025in.>in.
Pac = -0.0417 in.>in.
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*2-28.

The block is deformed into the position shown by the
dashed lines. Determine the average normal strain along
line AB.

y
15 mm . 70 mm <30 ml’Tl
. 55 mm 30 mm
S B; .
110lmm 100 mm
/
/
,‘f
Solution
Geometry: S A X
AB = 21002 + (70 - 30)2 = 107.7033 mm omm  0mm
AB = 3(70 - 30 - 15)2 + (1102 - 152) = 111.8034 mm
Average Normal Strain:
70 man, 307ra
AB - AB lsmn\/p_ 30 men
Pag = .
AB AB 'l'
]
_ 111.8034 - 107.7033 tome) | —
107.7033 N 1
0
e "
= 0.0381 mm>mm = 38.1 (10-3) mm ‘é\\\(\\&@i@ﬁ o
%‘\ & %Q; RS S
S P &
@ O P &
6@ & & o AR
RN
.s\@) c)e. Q’\\- 6\(\ b\%
S T S
3N 5 qé‘ N S
c’;@b\ﬁq\o e‘é\o Q\o& ef$
@‘0%0\?’ 9&%\\9 o“%\
\'OQ & o7 & &
0&‘- ()"\\6 QQQQQ{\ ‘@é
(‘\\‘b&. \%é \§6®®(&QQ;\Q
o\ (\b«oo & o*\
(b‘(\@\ ‘Z}Q Q\S
A
$\
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Ans:
Pag = 38.1(107%) mm
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2-29.

The rectangular plate is deformed into the shape shown by
the dashed lines. Determine the average normal strain along 6 mm
diagonal AC, and the average shear strain at corner A 400 mm

relative to the x, y axes.

2mm

300 mm
Solution ’
Geometry: The unstretched length of diagonal AC is

Lac = 23002 + 400? = 500 mm
Referring to Fig. a, the stretched length of diagonal AC is
Lac = 2(400 + 6)> + (300 + 6)> = 508.4014 mm

Referring to Fig. a and using small angle analysis,

2

= 30042 0.006623 rad

T

2
= = 4
a= 400 + 3 0.004963 rad & &

: . 8
Average Normal Strain: Applying Eq. 2, Qﬂx\@\ﬂ* %«\0&\ .

L L _ XD S S
=Ac Z LAc _ 508.4014 - 500 = 0.0168 mn?% N féi\\@o

(Pavg)ac = J
avg Lac 500 0(\‘\\ & Q},\\c}‘@

Shear Strain: Referring to Fig. a, RN
3% o° eﬁi‘\\ &
(9a)xy = T + a = 0.006623 + 0.004963 = .cge‘l‘;é' %\%\" & Ans.
SRS
‘\\ ,b(\Q’b

N Q
LA O\@
N %’b \Q'OA

Y &7 2
dL ¥ oEim

[T

Amm ar e

i

}

|
Joomm|Pegd 7 300mm

!
i %____ _,'JL//“,me
i 1 G A

Ans:
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(Pavg)ac = 0.0168 mm>mm, (ga)y, = 0.0116 rad
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2-30.
The rectangular plate is deformed into the shape shown by y
the dashed lines. Determine the average normal strain along 6 mm
diagonal BD, and the average shear strain at corner B 200 mm
relative to the X, y axes. —w
2 mm *‘gmm e
i Dy - Jemm
D c.
300 mm j
Solution f | 2mm
Geometry: The unstretched length of diagonal BD is Al gl X
400 mm 3 mm
Lgp = 23002 + 400° = 500 mm DU L
Referring to Fig. a, the stretched length of diagonal BD is
Lgp = 2(800 + 2 - 2)? + (400 + 3 - 2)°> = 500.8004 mm
Referring to Fig. a and using small angle analysis,
2
= 403 = 0.004963 rad
a= 3 = 0.009868 rad o e
T300+6-2 H Y
I — (,\\\ \e:'b @qb
Average Normal Strain: Applying Eg. 2, Q\\@é\o &
O
0900@(} @é& &
Lgp - Lgp  500.8004 - 500 @éboé‘” & S
——BD —=BD == = 3
(Pavgdep = Lao 500 g@ﬁ% Q >n(1§19 Ans
NV S
Qbo\o‘ Q? \{_’00
Shear Strain: Referring to Fig. a, ,&O\\Q}* @}‘b \Qo‘
«0669 @
(g)xy = T + a = 0.004963 + 0.0(19_86‘38,@= 0,648 rag> Ans.
&éQ‘\o\\ Q%QQ i’\&
NSRRI
& eﬁ? @
* & FHm
Zmm 4 |"
N LA o
- é—-—"‘"“"’ I pmm
\T Il \\\ ,' F
DY} N i
~
} S 11 ey
J00mm lf \\\ g’ ,l e 300mm
~
Zlﬂmll' ¢ \\\\ nm
| A IR
7 '(_2;7“'“& > X
€ B k—h
400mm T3mm

Ans:
(Pavg)ep = 1.60(107%) mm>mm,
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(98)xy = 0.0148 rad
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2-31.
The nonuniform loading causes a normal strain in the shaft
that can be expressed as P, = k sin aﬁxb, where k is a

constant. Determine the displacement of the center C and
the average normal strain in the entire rod.

Solution
NPT o
P, = ksina' xb
X L
L>2 L>2
( X = Pydx = k sin a xbdx
L p b2 L P
= —kapb coS abe = —kapbacos 5~ cos Ob
— 0
kL
= o Ans.
p
L
( X = Ksin a” xbdx B
Lo L
O
o 2,
—Lt —p * L 2kL \@“%&&zﬁ\bﬁ
Q' N\
S L
= —kapb c0S aLXb . = —kapb(cos p - cos0) = OOQQ:O@\%@%O«\é@b
AT
S & X
(@6 g \\&6&@?@&
p _ ( X)B — 2k 0(\ 00%\)6 c}\) 'bob Ans
avg = A
L p LR NN
S S O
SN P L
QO\' eo\Q' ,o"oe' @% os\\‘(-\
\“-’Q & Qb(b & D
& & F LS
SRS
,\@(’6\% B ®
S <C 0 S
LA
¥ (2%
D
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Ans:
kL
( X =
2k
IDavg = p
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*2-32.

The rectangular plate undergoes a deformation shown by y
the dashed lines. Determine the shear strain g,, and g, , at

point A.

0.02-in

Solution

Since the right angle of an element along the x,y axes does not distort, then

gxy =0 Ans.
5.02
tanu =
Y7 499

u = 4517 = 0.7884 rad

_b
Oxy = 2 -2
=P >(0.7884)
2 é})\
© SO
S X e
“\\, Zv(b((\\Q \b
= -0.00599 rad P ¢ 2 ARs.
NG RIS
S O
IS
P S S
273 0.
& o Q&8
SIS
3 .(\QI \\,).(\0 >
o o O &
S0 @ S
F S L e
@ \Q\ 06.9 b
QL P S

‘roQ 6 b‘b \\.\ﬁ

N4 N O O

{(‘ R\ ) ’bb QQ

SN
.8 &S
& b\%'oooo,\'z» RN
YT \@
®k%®6®%
SN
N

Ans:
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Oy =0
Oy = —0.00599 rad
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2-33.

The fiber AB has a length L and orientation u. If its ends A
and B undergo very small displacements u, and vg
respectively, determine the normal strain in the fiber when
it isin position A B .

Solution

Geometry:

Lag = 2(Lcosu - up)” + (Lsinu + vg)*

= 2L% + up + vg + 2L(vgsinu - u, cosu)
2 2

Average Normal Strain:

Pao = Lag - L
AB — L
Ua + Vg 2(vgsinu - up cosu)
2 2
= 1+ + o gl
© 12 L © &QR%Q
\\'D @0‘%
i i 2 2 «\é\'(‘\e %%
Neglecting higher terms uz and vg - o‘ﬁ\o@\ Qf;g &
o @) 0
~ 2(Vg Sin U - UA COS u)Rlz L & 9\&(‘\\00\ Qe‘&
PAB = Jl + L - 6‘5\'01\\(\\6'@(\% %(\0\'
\)(\ & @\) S
Using the binomial theorem: 3 EN A
e,t;o\oK S S éé
1 2vgsinu  2uacosu S 2P @
Pag = 1+ a5 — _ TATh 4 o -1 P LS (&
2 L L Q 66 6%0 ‘\\0
LE S S
e N
VB SiNU  uacOSU S
N SRS
- _ &Y Ko ~\\ Ans.
L L & NP O
\‘\O§ bev%
D

Ans:

Pag =
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Vg sinu uaCOs U
L L
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2-34.

If the normal strain is defined in reference to the final
length s, that is,

_ ) S -
PP = lima— b
s S0 S

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, P - P~ = PP,

Solution
po-_S = s
s
. s - s -
oo e s s
s s
- ss - s s+ ¢

1
1
o
AN
e
IN
2
O,ﬁ//)
%
0,
%
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Ans:
N/A
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