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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.
md — 7Td0 7—6 . .
€= wdy 6 0.167 in. /in. Ans.
Ans:
e = 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
Ly = 15in.
L = w(5in.)
L—-Ly 57m—-15 ..
€= L, 15 0.0472 in. /in. Ans.
Ans:
€ = 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
and BD.

SOLUTION
37
3 (10)
ALcg 10
€CE= T = 2000 0.00250 mm/mm
_ ALpp 4286
€0 = "1 T 2000 = 0.00107 mm/mm
3~ 4 o
at,
> Aleg= 10 mm

Ans.

Ans.

Ans:
ecrg = 0.00250 mm/mm, ezp = 0.00107 mm/mm

107

Mechanics of Materials 10th edition Hibbeler Solutions Manual



https://ravanbooks.com/books/9780134319650-solutions

© 2017 Pearson Education, Inc., Hoboken, 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.

24,

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 in each wire. The
wires are unstretched when the lever is in the horizontal
position.

SOLUTION

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

o

180
Since 6 is small, the displacements of points A, C, and D can be approximated by

>7Trad = 0.03491 rad.

84 = 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,y = 200 mm, Lo = 300 mm, and Lpr = 300 mm. We obtain

54 69813

(€avglan = Lo 200 0.0349 mm/mm Ans.
8¢ 10.4720

(€avg)cc = Leo = 300 0.0349 mm/mm Ans.
Op 17.4533

(€ave)DF = Lor 300 0.0582 mm/mm Ans.

| grorevry b -
VAL, NS P ATE S SO0 e o

b e e e T Yoo
o Nunwn. WAL

Ans:

(€avg)anr = 0.0349 mm/mm
(€avg)cG = 0.0349 mm/mm
(€ave)pr = 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 vy,,
in the plate.

200 mm
SOLUTION |
Geometry: A 5
4 3 3 mm
0’ = tan 50 - 0.0200 rad

0 = (% + 0.0200) rad

Shear Strain:

w o o
yxyzi—ez——(—+0.ozoo>

2 2
= —0.0200 rad Ans.
/3mm
N I ;_L
R YT
R %
s é
200ma| 7
Yoo |
% o Fi3imm
S ““]"--%T

‘ 150mm i

Ans:
Yy = —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 ;}T‘ - 3mm
horizontal. fo——mmm—m—— =2 - 1B
P 5
|
| \
| \
53mm | Y 50 mm
l o
1 91.5 \\
SOLUTION R J
— - X
Geometry: A C
50 mm
B'C' = V(8 + 3)® + (53 sin 88.5°)% = 54.1117 mm -
C'D' = \V/53% + 58 — 2(53)(58) cos 91.5°
= 79.5860 mm
B'D’ = 50 + 53sin 1.5° — 3 = 48.3874 mm 865 s
> 3 (il
osg = BDVE (BCR - (DY I
2(B'D")(B'C") “ >, o)
1 Y \
4838747 + 54.1117% — 79.58607 020328 Samm) \\ 1 e
2(48.3874)(54.1117) ‘ D CITSIN N )(‘ N
— o 7 g
0 = 101.73 EZ
B = 180° — 6 = 78.27°
Shear Strain:
T 91.5°
(Ya)yy = 5 7T( 180") = —0.0262 rad Ans.
T T 101.73°
(yB)xy - 5 -0 = E - 77( 180° ) = —0.205rad Ans.
T 78.27° T
(yC)xy - B - E = 7T< 180° ) - 5 = —0.205 rad Ans.
88.5° T
(YD) = ”(1800) -5 = ~0.0262rad Ans.
Ans:
(Ya)xy = —0.0262 rad
(vB)xy = —0.205 rad
(Y0)xy = —0.205 rad
(Yp)xy = —0.0262 rad
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2-17.

The pin-connected rigid rods AB and BC are inclined at
6 =30° when they are unloaded. When the force P is applied
0 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:

(eavg)AC =

Lac — Luc _ 603.6239 — 600
Lac 600

= 6.04(107%) mm/mm

@)

Ans.

Ans:
(€avglac = 6.04(107°) mm/mm
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*2-8.

The wire AB is unstretched when 6 =45°.If a load is applied
to the bar AC, which causes 6 to become 47°, determine the
normal strain in the wire.

SOLUTION
[ =1?+ L'}y — 2LL} 5 cos 43°

Lyp = 2L cos 43°
Lap — Lag
Lap

€AB —

2L cos43° — V2L
V2L

= 0.0343 Ans.

Ans:
€EAB — 00343
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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 AL, determine the
normal strain in the wire AB. Originally, § = 45°.

SOLUTION
Liy = \/(\6L)2 + AI? — 2(V2L)(AL) cos 135°
= V212 + A2 + 2LAL

€ _ LAB - LAB
AB LAB
V22 + AIZ + 2LAL — V2L
V2L
2
T
217 L

L
N
2 L
_ 05AL
L
Also,
ALsin45° 05AL
€ap = =
A V2L L

(binomial theorem)

Ans.
e b[_g,-',"So
Ans. AL
Ans:
0.5AL
€ap = —
AB 2
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2-10.
Determine the shear strain v,, at corners A and B if the y
plastic distorts as shown by the dashed lines. 12 mm
4 mm B
I BNRRSSSS Sl ! ghm
3 mmi ! B ! |
I /
1 I
300 mm ,:' |
/ !
! 1
/ i
L A -5 T 2mm
D A
400 mm——— ‘
S mm

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

a=y = T 0.022876 rad

306
B = S 0.012255 rad
=208 % T
0= 2 0.0049383 rad
T405 ra
Shear Strain: By definition,
Ans.
Ans.

(Ya)yy = 0 + ¢ = 0.02781 rad = 27.8(107) rad
(YB)y = @ + B = 0.03513 rad = 35.1(10%) rad

mm ————
Sm —— §
\’/6'0(

S00mm

AMmm

Ans:
(Ya)xy = 27.8(107) rad

(¥8)xy = 35.1(107) rad
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2-11.
Determine the shear strain vy,, at corners D and C if the y
plastic distorts as shown by the dashed lines. 12 mm
4 mm B
IS -
3mm{ |/ g | °mm
T /
1 1
300 mm | / |
/ !
1 1
L i = Y
———————— ! mm
D A *
400 mm ‘
5 mm

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

= 0.013201 rad

a =y = 303
0 = 05 0.0049383 rad
B = 208 - 0.012255 rad
Shear Strain: By definition,
Ans.
Ans.

(%cy)c =a + B = 0.02546 rad = 25_5(10—3) rad
(ny)D =60+ ¢ = 0.01814rad = 18.1(1073) rad

%

4mm
L

e

/

I

8 e /
/

/

I

0
A

[
300mm| |/
1Y e /
BT L - X
/ (me

D 4mm
4o00mm

(@)

Ans:
(Yxy)c = 25.5(107°) rad

(Yy)p = 18.1(107) rad
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*2-12.

The material distorts into the dashed position shown.
Determine the average normal strains €, €, and the shear
strain v, at A, and the average normal strain along line BE.

SOLUTION
Geometry: Referring to the geometry shown in Fig. a,
u rad) = 0.05993 rad

15 .
tan 0 = ﬁ’ 0 = (3.4336 )<180°

L. = V15 + 150 = V62725 mm
EE' 50 o
30 = ﬁ’ EE' = 6mm

BB’ 200 .
15 —ﬁ, BB' = 12 mm
x'"=150 + EE' — BB’ =150 + 6 — 12 = 144 mm

Average Normal and Shear Strain: Since no deformation occurs along x axis,

(€)a =0
— L \/ —
ac _ V62725 - 250 _ 1.80(107%) mm/mm

Lyc
250

(Ey)A = LAC

By definition,
(Yxy)a = 6 = 0.0599 rad

Ly — Lge /43236 — 150\/2
€BE = = =.—0.0198 mm/mm
Lpg 150\/2

15mm

S0mm B

|50mm "

e
/‘
©
/4
’
-

e

T
S0mm = S0mm
: x

@)

116

Lge = V1502 + 150> = 150V2mm L'y’ = V1442 + 150> = /43236 mm

Ans.

Ans.

Ans.

Ans.

200 mm

|
|
/
|
|
I

Al—150mm — F

Ans:

(Ex)A =0
(€,)4 = 1.80(10%) mm/mm

(Ye)a = 0.0599 rad
epr = —0.0198 mm/mm
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2-13.
The material distorts into the dashed position shown. Yy
Determine the average normal strains along the diagonals
AD and CF. 30 mm
DI
* =
50 mm
200 mm
/ f
50 mm
SOLUTION L —t—x
AF—150mm ——| F

Geometry: Referring to the geometry shown in Fig. a,
Lap = Lep = V150 + 250 = /85000 mm

Lap = V(150 + 30)2 + 2502 = /94900 mm

Loy = \/(150 —15)? 4+ 250% = V80725 mm

Average Normal Strain:

Lsp — Lap V94900 — V85000
€sp = = = 0.0566 mm/mm Ans.
V85000

LAD

Ler— Lep /80725 — \/85000
€cr = = = —0.0255 mm/mm Ans.
Ler V85000

% smm 30mm
/
c |l DL‘ ’
TR £
\ ‘r'
l'\\ /1
FN /|
N\ |
A50mm i / I
I' /\\ |
| // \\ l'
WA
I
Al F

Ans:
€4p = 0.0566 mm/mm
ecr = —0.0255 mm/mm
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2-14.

Part of a control linkage for an airplane consists of a rigid O—
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 6 = 0.5°, > )
determine the normal strain in the cable. Originally the
cable is unstretched.

mm

SOLUTION

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

Lz = V600* + 800 = 1000 mm

Lap = V600? + 8002 — 2(600)(800) cos 90.5° = 1004.18 mm

Average Normal Strain:

Lsp — Lyp  1004.18 — 1000

€sp = Lon = 1000 = 0.00418 mm/mm Ans.

Ans:
€45 = 0.00418 mm/mm

118
Mechanics of Materials 10th edition Hibbeler Solutions Manual



https://ravanbooks.com/books/9780134319650-solutions

© 2017 Pearson Education, Inc., Hoboken, 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.

2-15.

Part of a control linkage for an airplane consists of a rigid kef,’
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.

mm

SOLUTION

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

Lz = V600* + 800> = 1000 mm
Lp = V600? + 8002 — 2(600)(800) cos (90° + )
Lag = V1(10°) — 0.960(10% cos (90° + 6)

600 mm——|

Average Normal Strain:

o _Lap = Las V1(10°% — 0.960(10%) cos (90° + 6) — 1000
AB L. 1000
o
= 0.4784° = 0.008350 rad
0 < 13 00) ra
Thus,
Ap = 0Lgc = 0.008350(800) = 6.68 mm Ans.

/
/ df; B0Omm

Ans:
Ap = 6.68 mm
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*2-16.

The nylon cord has an original length L and is tied to a
bolt at A and a roller at B. If a force P is applied to the
roller, determine the normal strain in the cord when the
roller is at C, and at D. If the cord is originally unstrained
when it is at C, determine the normal strain €, when the
roller moves to D. Show that if the displacements A, and
Ap are small, then €, = ep — €.

SOLUTION
LC = \/m
VI A~ L

€Ec = I

For small A,
1 A%) 1 A%
=14+—=)-1==
ec 2( 2 2
In the same manner,
1 A%
© 3

) \/L2+A%,—\/L2+A2 \/1+AD \/1+%
e =
? VI + Az 148
i

For small A-and Ap,

(1+35) - (1+55)  5n(ak = 83)
Ac

r— c 2 2) —
€p — 2L2 _ AZ = ZLZ(A AD) = €c — €

Also this problem can be solved as follows:

Ac = Lseclc; Ap = LsecOp

_ LsecOc— L 0 1
€Ec = I = sec ¢
_Lsec6p — L p 1
€p — I = SeCUp
Expanding sec 6
0>  56*
secd =1 +?+T ......

N

Ans.

Ans.

QED
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#2-16. Continued

For small 6 neglect the higher order terms

02

0=1+—

sec 5

Hence,

0 0.
=1+=—-1=-=
€c 2 2
0 0
=14+—-1=—=
€D 2 2

., LsecOp — LsecOc sectp

-1= 0 0c—1
€D L sec Oc sec O¢ Secbp cos fe
) 6> 6
Since cos 6 = 1 — aJr TR

0 9—(14—0*[)2 )(1 ﬁ )
sec p cos O = 5 o

Neglecting the higher order terms

03 0%
0 =1+ =2 - =
sec 6p cos O¢ 5 >
0> 07 0> 07
ED’:{HL_;]_ _ b 0
2 2 2 2
= €p — €c

QED

Ans:
1A

€c = 5?
145

€p — EF
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2-17.

A thin wire, lying along the x axis, is strained such that each | P
point on the wire is displaced Ax = kx? along the x axis. If k
is constant, what is the normal strain at any point P along
the wire?

SOLUTION

€ = =2kx Ans.

Ans:
€ = 2kx
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2-18.
Determine the shear strain v,, at corners A and B if the y S mm
plate distorts as shown by the dashed lines. <—>‘
E_‘mm .
———————————— N
2mmj | I B | J4 mm
cl! |
1 1
! !
300 mm |/ !
1 1
A T 12mm
D A 4 *
——400 mm —
SOLUTION !
mm

Geometry: For small angles,

2
a = l// = @ = 0.00662252 rad
imq
2mm '_ﬁ____q
- ‘--Ip_—' I4"‘”‘

= 0.00496278 rad

P=0" w3

300

Ans.
——
am 3ml'm—r

Shear Strain:
('YB)xy =a+t B
= 0.0116 rad = 11.6(107°) rad

(‘YA)xy =60+ lﬂ
= 0.0116 rad = 11.6(1073) rad Ans.

Ans:
(vB)xy = 11.6(107%) rad,

(Ya)xy = 11.6(107°) rad
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2-19.
Determine the shear strain vy,, at corners D and C if the y S mm
plate distorts as shown by the dashed lines. <—>‘
E_‘mm .
———————————— -
2mmj | I 1 J4 mm
cl! |
| 1
| i
300 mm |/ !
| 1
‘ ‘, J"
R T 2mm
D Al *
400 mm ‘
3 mm

SOLUTION

Geometry: For small angles,

2
Y 208 0.00496278 rad

0 = — = 0.00662252 rad

B=0=73

Shear Strain:
('YC)xy =a+ B
= 0.0116 rad = 11.6(1073) rad

(‘YD)xy =6+ ‘/f
= 0.0116 rad = 11.6(107%) rad

Ans. 7 —FX
e

Ans.

Ans:
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*2-20.
Determine the average normal strain that occurs along the y S mm
diagonals AC and DB. 4—"
E_‘mm L
dmmt T B ," J4 mm
cl! |
| 1
' !
300 mm |/ !
| I
R U 2mm
D A 4 *
——400 mm —
SOLUTION !
mm
Geometry:
AC = DB = \V400” + 300° = 500 mm
DB’ = \V405% + 304 = 506.4 mm ¢
Smm 5
— .Hmm—_-_-_____d
Zrmn_*?‘g":---- ,;"I:I}mm
< e |

A'C" = V401> + 300* = 500.8 mm
!
; !
300 mm :‘ »° \\‘L ," 2mm

Average Normal Strain:
’
e P
""""" X
Al T

&
§
i
W
;

_A'C' — AC 5008 — 500
€ac AC 500
Ans.

= 0.00160 mm/mm = 1.60(1073) mm/mm

_ DB’ — DB _ 5064 — 500
“pB DB 500
Ans.

= 0.0128 mm/mm = 12.8(1073) mm/mm

Ans:
€qc = 1.60(1073) mm/mm

eps = 12.8(107%) mm/mm
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2-21.

The corners of the square plate are given the displacements
indicated. Determine the average normal strains €, and €,

along the x and

y axes.

SOLUTION
€, = % = —0.03 in./in.
€, = (ig = 0.02 in./in.

0.3 in—|

Ans.

Ans.

10 in.

0.2 in.
A
10 in.
N\ B
/
7 0.31in.(10 in.
¢ 10 in. !
0.2 in
Ans:
€, = —0.03in./in.
€, = 0.02in./in.
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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, vy,,, at A.

SOLUTION
L = V/800% + 5% — 2(800)(5) cos 135° = 803.54 mm

sin 1357 _ sin 6, 0 = 44.75° = 0.7810 rad

803.54 800"
Yoy = g —20 = % — 2(0.7810)
= (0.00880 rad Ans.

L
KO 8y
h L
135° Sl
Ans:

Yy = 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.

SOLUTION
L = V8002 + 5% — 2(800)(5) cos 135° = 803.54 mm
803.54 — 800
&= g0 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.

SOLUTION
L = 800 cos 45° = 565.69 mm
S - 0.00884 / A
€, = Se560 - mm/mm ns.
n‘mav
‘/
L § iy,
Ans:
€, = 0.00884 mm/mm
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2-25.

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 = 3.56 x1/4, determine the shear strain at
the corners A and B.

SOLUTION
y = 3.56 x4
d
O 0,890 x4
dx
dx _ 1.123 x4
dy
AtA,x =0
_dx
YA dy
At B,
2 = 356x*
x = 0.0996 in.
dx 3/4
Y= = 1.123(0.0996)** = 0.199 rad

y
P |=| 7/ ]
B C
y =3.56 x4
2in
A Z D X
& Ié‘
¥/
"‘7
Ans.
Ans.
Ans:
Ya =0
vg = 0.199 rad

Mechanics of Materials 10th edition Hibbeler Solutions Manual

130



https://ravanbooks.com/books/9780134319650-solutions

© 2017 Pearson Education, Inc., Hoboken, 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.

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.

0.3 in.—| 12 in. 12 in: ~—0.3 in.
Al

12 in.

SOLUTION DN 7B

Geometry: Referring to the geometry shown in Fig. q,

o 123

o ™ — \\
tani =15 0 = (93.85 )(180° rad) 1.6380 rad

$_ 1S5 _ o
tan ERETE ¢ = (86.15 )(

w

180°

rad) = 1.5036 rad

Shear Strain: By definition,

(ey), = 5 = 6 =7 = 16380 = ~0.0672 rad Ans.

— ¢ = gf 1.5036 = 0.0672 rad Ans.

aw
(yx"y”),g = E

Il.5in

Vo

tH5in.

12-3in 2-37n

Ans:
(Yyy)a = —0.0672 rad
(vyy)p = 0.0672 rad
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2-27.

The corners of the square plate are given the displacements
indicated. Determine the average normal strains along side
AB and diagonals AC and BD.

SOLUTION

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

L= V122 + 122 = 12V2 in.

Lap = V123 + 11.5% = V/283.54 in.

Lgp = 2(12) = 241n.
Lypp = 2(12 + 0.3) = 24.6in.
Lac = 2(12) = 24 in.

23 in.

Ly =212 — 0.5)

Average Normal Strain:

V28354 — 12V2

LA’B’ B LAB

= = = —7.77(107%) in. /in.

€an =
48 Lag 12V2
_ Lpp — Lpp 246 —24 .9,
€gp = Lo = o = 0.025 in. /in.
_ Lyc —Lac  23-24 0" O
€sc = Lo =21 - 0.0417 in./in.
N - A /
05 1n A
N
- il \\
IZ n _D // N
j 8 ,
D B
__7«\ Jr
= v
[Z2in. N ///
| P
- ™N /
a:5in: 4
(&
IZn /2in.

()

y
0.3 in.—| 12 in. ; 12 in +—0.3 in.
TF 05 m
\\\
Vi B\
= 12 in.
7, N x
DN /B
12 in
L 0.5 in.
f
Ans.
Ans.
Ans.
Ans:

e p = —7.77(1073) in. /in.
€pp — 0025 1n/1n
€EoCc = _00417 1n/1n
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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.

SOLUTION
Geometry:

AB = V100> + (70 — 30)? = 107.7033 mm

AB" = V(70 = 30 — 15)? + (110> — 15?) = 111.8034 mm

Average Normal Strain:
_AB' — AB
€AB = T AB

_111.8034 — 107.7033
107.7033

= 0.0381 mm/mm = 38.1 (1073) mm

110 mm 100 mm
70 man, 307ra
I5MMD_‘_1&L*I¢/30:"M
110 mm 100 mm
Ans
X

Ans:
€ap = 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
diagonal AC, and the average shear strain at corner A

relative to the x, y axes.

SOLUTION

Geometry: The unstretched length of diagonal AC is

Lic = V300? + 400> = 500 mm

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

Referring to Fig. a and using small angle analysis,

2
(]5 = m = 0.006623 rad
S 0.004963 rad
“Ta0+3

Average Normal Strain: Applying Eq. 2,

_ Lyc — Lac 5084014 — 500
(€ave)ac = Le 500 = 0.0168 mm/mm

Shear Strain: Referring to Fig. a,
(Ya)y = ¢ + a = 0.006623 + 0.004963 = 0.0116 rad

1
T3
|
i
]
|
|
|
}
|
|
|
1
U
N
2
3

Amm "lr'" —
!
3mmm A"&% /// 300[””1
7
i %____ Ji//‘,me
K ™ : A

y
6 mm
400 mm ‘
2 . 2 mm L
m+m h~,~,~'~’*’# }’ﬁ(6mm
1D Cc!
i |
| I
i I
300 mm | |
| I’
[ | 2mm
__________ | )
A B [
400 mm ~3 mm
Ans.
Ans.
Ans:

(€avg)ac = 0.0168 mm/mm, (y,),, = 0.0116 rad
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2-30.

The rectangular plate is

the dashed lines. Determine the average normal strain along
diagonal BD, and the average shear strain at corner B

relative to the x, y axes.

SOLUTION

Geometry: The unstretched length of diagonal BD is

Lgp = V300% + 400> = 500 mm

Referring to Fig. a, the stretched length of diagonal BD is

deformed into the shape shown by

2mm | F

300 mm |!

Referring to Fig. a an

TN

3

“ 7300 +

(eavg)BD =

%*

2Zmm

s

Lyp = V(300 + 2 — 2)2 + (400 + 3 — 2)> = 500.8004 mm

Average Normal Strain: Applying Eq. 2,

Shear Strain: Referring to Fig. a,
(YB)xy = ¢ + a = 0.004963 + 0.009868 =:0.0148 rad

d using small angle analysis,

0.004963 rad

6— 2 = 0.009868 rad

500.8004 — 500
500

Lyp — L
B'D BD _ = 1.60(10 3y mm/mm  Ans.

LBD

Ans.

Amm

-~

4
T
!

|
1
|
!
|
i

SN

s
i
i
|
{
|
i

T
D

J00mm

x|

e ———

———d
5]

*

g

300mm

L
3

7

>

LT

3
3

Ans:

(eavg)sp = 1.60(107%) mm/mm,

(v8)xy = 0.0148 rad
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2-31.

The nonuniform loading causes a normal strain in the shaft | /C
that can be expressed as €, = k sin (%x>, where k is a A r»% — \'4, —_— JB
constant. Determine the displacement of the center C and | % 1 % l
the average normal strain in the entire rod.
SOLUTION
€, = ksin (%x)
L2 L2 -
(Ax)c = / €.dx = / k sin (*x) dx
0 0 L
L Lz L
= fk(f) cos (zx> = fk<f>(cos T_ cos O)
o L 0 o 2
kL
= Ans.
aw
L a
(Ax)p = / k sin (*)C)dx
0 L
L L L 2kL
= —k(f) cos (zx) = —k(f)(cos 7 —cos0) = —
™ L 0 ™ ™
Ax 2k
€avg — ( L)B = ? Ans.
Ans:
kL
A =—
(Ax)c -
2k
€avg — ?
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*2-32.
The rectangular plate undergoes a deformation shown by y
the dashed lines. Determine the shear strain y,, and vy, at y! x'
point A. |
i |
0.01 in. | !
i ! Sin
| |
! !
L X
0.02in—] —=5 in. 7 ——5 in—— [—0.02in.
SOLUTION
Since the right angle of an element along the x,y axes does not distort, then
Yoy = 0 Ans.
5.02
tan§ =~
MY 499
0 = 45.17° = 0.7884 rad
Ko
Yx'y = 5 - 20
= g — 2(0.7884)
= —0.00599 rad Ans.

Ans:
Yoy = 0
Yyy = —0.00599 rad
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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, and vy,
respectively, determine the normal strain in the fiber when
it is in position A’ B'.

SOLUTION

Geometry:

Lyw = V(L cos® — uy)? + (Lsinb + vp)?

= VI* + u} + v} + 2L(vgsin 6 — u, cosb)
Average Normal Strain:

Lag — L
€AB — T

2+ 2 2(vgsin  — cos 6
\/1+MA UB+ (vp Up )_1
17 L

Neglecting higher terms u% and v%

2(vgsin 6 — u 4 cosf) |z
=12 200 T

L
Using the binomial theorem:

1/2vgsin®  2u, cos 6
EAB:1+E( L - L >+

vgsin®  uycos b

_ Ans.

L L

Ans:

vgsin®  uycos 6

€AB — I

L
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2-34.

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

, lim (As’ - As)
€ = lim (———
av—o\  As’

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,e — €' = €e’.
SOLUTION
_As" — As
€ As
_ ,_As’—As_As’—As
€€ As As’
-~ As'? — AsAs’ — As'As + As?
N AsAs’
_ As'? + As® — 2As’As
AsAs’
_ (As" — As)? [ As" — As\[ As" — As
B AsAs’ B As As’
= €€ (Q.E.D)

Ans:
N/A
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