9-1. Prove that ihe sum cof the normal stresses

o, + 0, = oy + oy is constant, — — ("
Stress Transformation Equations : Applying Eqs. 9-1and 9-3 i
of the wext US(
_'L-‘.s‘l L
o, +0, ©O.-0, . .
Q:'*U\--=—"-2—-"+ “—L c0s 20 +1,,sin 20 5~

g.+0, 0,-0,
2 2

+ cos 26 ~t,,sin 20

0,.+0,=0,+0, (Q.ED.)
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9-2. The state of stress at a point in a member is shown on
the element. Determine the stress components acting on the
inclined plane AB. Solve the problem using the method of
equilibrium described in Sec. 9.1.

X 8MSings’

" AN
AAsirwo' (‘A;,>/ ‘@

N g . gn
AAcasao EAAMSM’/Q Sdasintg

FhAcesq0®

\+ IF.=0  AF.+(8AAsin 40°)cos 40° ~ (5AAsin 40°)cos 50° - (3AAcos 40°)cos 40° +
(8AAcos 40°)cos 50° = 0

AF. =-4.052AA

/i-ZF,' =0  AF,-—(8AAsin 40°)sin 40° — (5AAsin 40°) sin 50° + (3AAcos 40°)sin 40° +
(8AAcos 40°)sin 50° =0

AF,. = -0.4044AA

- AF, .
Oy =lm, —ZA— = —4.05 ksi Ans
AF,

=hm“*°17 =-0404ksi Ans

The negative signs indicate that the sense of o and Ty are opposite
to that shown on FBD
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9-3 The state of stress at a point in a member is shown on
the element. Determine the stress components acting on the
inclined plane AB. Solve the problem using the method of
equilibrium described in Sec. 9.1.

65 MPa

SLFE =0; 0rAA+20AAsin 30° cos 30° +20AA cos 30° cos 60° — 65AA cos 30° cos 30° =0
oy =31.4MPa Ans

\+Z F,=0; T¢,yAA+20AAsin 30° sin 30° —20AA cos 30° sin 60° — 65 AA cos 30° sin 30° = 0
T =381MPa  Ans

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc., Upper Saddle River, 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.




*9.4, The state of stress at a point in a member is shown
on the element. Determine the stress components acting
on the inclined plane AB. Solve the problem using the
method of equilibrium described in Sec. 9.1.

&

A sinke’ /M. “”é'm
bo 34'7
L‘(as‘. .

440 Mcoséo®

/+EF =0 AF.—400(AAcos 60°)cos 60° +650(AAsin 60°)cos 30° =0
AF,. =-387.5AA

N+ZF =0  AF,.—650(Adsin 60%)sin 30° - 400(AAcos 60°)sin 60° = 0
AF, =455AA

AF,.
AA-0 AA

Oy = lim =-388psi Ans

. AF,.
Ty =lim, _A_j_ =455psi Ans

The negative sign indicates that the sense of Oy is opposite to
that shown on FBD.
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9-5 The state of stress at a point in a member is shown on
the clement. Determine the stress componcnts acting on the
inclined plane AB. Solve the problem using the method of

equilibrium described in Sec. 9.1. AASinip*
A AA .
50 Mpa 2/ aneos30°
28 MPa
60 MPa

+ XF,. =0 AF, + 60 AA cos 30° cos 30° — 28AA cos 30° cos 60°

+ SOAA sin 30° cos 60° — 28 AA sin 30° cos 30° = 0
AF, = - 33251AA

+L ZF, =0, AF, —28AA cos 30° sin 60° — 60AA cos 30°sin 30°
+50AA sin 30°sin 60° + 28AA sin 30° sin 30° = 0
AF, = 1833AA

. AF,
Oy = llmAA_.()TA{ = - 33.3MPa Ans
Tey = limaaoo 222" = 18.3 MPa Ans

The negative sign indicates that the sense of 0, is opposite to that shown on FBD.
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9-6 The state of stress at a point in a member is shown on
the element. Determine the stress components acting on the
inclined plane AB. Solve the problem using the method of
equilibrium described in Sec. 9.1.

90 MPa

o BAcs20’®

e 508 sina” X
)0
aa’ .
254asny’ AF,

/AFx/ y

7=
\tZF =0  AF, ~50AAsin 30° cos 30° - 35AAsin 30° oos 60° +
90AAcos 30° sin 30° +35AAcos 30° sin 60° =0

AF, = -34.82AA

Y+LF, =0  AF, —50AAsin 30° sin 30° + 35AAsin 30° sin 60° -

- 90AAcos 30° cos 30° + 35AA cos 30° cos 60° =0
AF, =49.69 AA
. AF,.
Oy = hmAA_)OAA =49.7 MPa Ans
AF,.
Ty = M_)O—A‘; =-348MPa Ans

The negative signs indicate that the sense of 0 and ., are opposite
to that shown on FBD.

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc., Upper Saddle River, 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.




9-7 Solve Prob. 9-2 using the stress-transformation equa-
tions developed in Sec: 9.2.

5 ksi

o, = 5ksi o, =3 ksi
=%*% %% 520+ Tyy Sin 26

2 2
—S%E + é—;—3cos 260° + 8 sin 260° = ~4.05 ksi

T, =8ksi 6=130°

'

Ans

The negative sign indicates 0, is a compressive stress.

o, -0,

Tey == sin 26 + 7, cos 26

—(5—;§)sin 260° + 8cos 260° = —0.404 ksi Ans

The negative sign indicates 7, is in the —y’ direction.
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*9-8 Solve Prob. 9-4 using the stress-transformation cqua-
tions developed in Sec. 9.2.

A 400 psi

0, = —650 psi 0, =400psi 7, =0 6=130°

6. = O ; % . _"x_;&cos 20+ 1,,5in 26
_ 7650+400  —650-400 s 60°+0=—388psi  Ans

2
The negative sign indicates o, is a compressive stress.

Tey = —g’—;-glsin 20+ 7, cos 26
= (8040, i 600 =455 psi Ans

2
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9-9 Solve Prob. 9-6 using the stress-transformation cqua-
tions developed in Sec. 9.2.

90 MPa

o, =90 MPa o, =50 MPa Txy = =35 MPa 6=-150°

0,+0, 0,0 .
=‘—2—’+¥-cos 20+ 1,,s5in 26

90 + 50 . 90— 50
2
=49.7 MPa Ans

'

cos(—300°) + (—-35)sin(-300°)

6,-0, .
Ty == ’2 2.sin 20 + 1., cos 26

__50-%0
2

The negative sign indicates 7, acts in —y' direction.

)sin(=300°) + (-35)cos(-300°) =-34.8 MPa  Ans
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9-10 Determine the equivalent state of stress on an element
if the element is oriented 30° clockwise from the element
shown. Use the stress-transformation equations.

300 psi

o, =0 oy =-300 psi Ty =950 psi  6=-30°

0, +0, O,-0
=—u+—x—2—’—cos 20+ 1,,sin 20

o

2
0-300 0-(-300
= — + ——(—)cos (~60°) + 950sin (—60) = —898 psi Ans
C.-0, .
Ty =—( 2 )sin 26 + 1, cos 26
0-(=300). .
= —(——%)sm (~60°)+950 cos (—60°) =605 psi  Ans
O, + O, = .
0y = 222 %% cos 26~ 17, sin 20
0-300 0-(-300
= ~( (2 ))cos (—=60°)-950 sin (—60°) =598 psi  Ans

59 pst

605 ps{

898 psi.
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9-11. Determine the equivalent state of stress on an
element if it is oriented 50° counterclockwise from the
element shown. Use the stress-transformation equations.

10ksi

0y = -10ksi

0,=0 17, =-16ksi
6 = +50°

O, +0, O;—
oo =220, _f_zficos 20+1,,5in 20
-10+0 -10-0
= -——2—+——2—cos 100° +(~16)sin 100° = -199ksi Ans
o

Tay = .(._'_;.1’.)9':1 26+ 7, cos 20

-10

-0, .
==( ) )sin 100° + (—16)cos 100° = 7.70ksi  Ans

O; + O, O; — O,
Oy = =~ 2D 005 20 55in 26
_-10+0_ -10-0

= —(-—2—-)cos 100° - (~16)sin 100°=9.89ksi  Ans
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*9-12 Solve Prob. 9-6 using the stress-transformation equa-
tions.

90 MPa

6 = 120° o, = 50 MPa o, =9MPa 1, =35MPa

o, =% ; D 4 & ; 9 cos 20 + 1, sin 20
= ;’ 90 , 39— 90 1 240° + (35)sin 240°
= 49.7 MPa Ans

The negative sign indicates 0,- is a compressive stress
Oy — Oy .
Tyy = — ———2sin 260 + T,y Cos 20

= 30=90 i 2400 +(35)cos 240° = —-34.8MPa  Ans
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9-13 The state of stress at a point is shown on the element.
Determine (a) the principal stresses and (b) the maximum
in-plane shear stress and average normal stress at the point,
Specify the orientation of the element in each case.

0 MPa

—t

30 MPa

45 MPa

0, =45MPa 0, =-60MPa T, = 30 MPa

[ { Gy~ 0,
a) 012 =Ox*2' Y 4+ (——2—")2*‘%1

_45-60, [45-80, | app
2 2
0, =53.0MPa  Ans 0, =—-68.0MPa  Ans " 7'5”"
Orientation of principal stress : 68.0MPo 7,5“
bo5Mb
020, = — =0 - 05714 £3.0MPa
? T G- 0,12 (45~ (-60))/2
[]
6,=1487, -7513 9 e
Use Eq. 9-1 to determine the principal plane of oy and 03 :
0, =2t —G—‘L%-glcos 20+ 7,,5in20,  where 8= 14.87°
2
_45+(60) 45— (60) . 29 740 + 30 5in 29.74° = 530 MPa
2 2

Therefore 6,; =149° Ans  and 6y =-751° Ans

b
T (&2 a2 =‘[(4—5—’—;—'—— 60)12 .32 =60.5MPa  Ans
WAL o 2

%:+9 45+C80) _ g50mpa
2 2
Orientation of maximum in - plane shear suress

Ans

Gy =

am26, = Gl 2L :Sis_-%S_Ol)_l_Z_ =-1.75

Tay

6, =-30.1° Ans and 8, = 59.9° Ans

By observation, in order to preserve equilibrium along AB, Tmsx has 10 act in the direction shown.
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9-14 The state of stress at a point is shown on the clement.
Determine (a) the principal stresses and (h) the maximum
in-plane shear stress and average normal stress at the point
Specify the orientation of the element in cach case.

180 MPa

T 150 MPa

0,=180MPa @, =0 7oy =—150 MPa
a) 012 =%t%y (95;—6’)24'1”2
- 18040, [180-0y , 150y
2 2
849 Mpe
o, =265MPa  Anms 0, =—-849MPa  Ans Z&5MPpa s

Orientation of principal stress :

wn20, = — X =2 __ =_16667
(0:-0,)/2 (180-0)/2

6, =60.482° and -29.518°

Use Eq. 9- 1 to determine the pricipal plane of ¢, and o3 :

o = 5’%”- + "—;—"Lcos 20+ 17,5120,  where 6=60.482°
= 18‘;" L ls(;' 0 cos 2(60.482°) + (~150) sin 2(60.482°) = ~84.9 MPa

Therefore 6,; =60.5° Ans and 6,; =-29.5° Ans

b)
~~
e J(F %y, r 2 o 180=00; 150y = — WHA
T = | (T T -\/( 5—)?+(C1507 =175 MPa  Ans , )
~
a.v,=i'—‘—;—°i=$)=9o.oma Ans 155°

Orientation of maximum in - plane shear stress :

(0, -a,)/2 _ ~(180-0)/2 _

tan 26, = =06
Tay -150

6, =155° Ans and 6=-745° Ans

By observation, in order to preserve equilibrium along AB, 7y, has to act in the direction shown.
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9-15 The state of stress at a point is shown on the element.
Determine (a) the principal stresses and (b) the maximum
in-plane shear stress and average normal stress at the point.

Specify the orientation of the element in each case.

30 ksi

O, =-30ksi g =0 Tay =—12ksi

a)

_0:i+0,  [C:—0, 2 _=30+0_ [=30-0
O12 = t Tyl= 24 (-12)2
1.2 2 ( ) Y+, 2 +1/( 2 )2 +(-12)

oy =4.21 ksi Ans o2 =-34.2ksi

Orientation of principal stress :

6,=1933° and -70.67°

Use Eq. 9- 1 to determine the principal plane of ) and o, .

Ans

Ans

= "—Z_ﬁ + -"‘;—"’cos 20+1, sin 20
6=193%°
-30 ~30—
= T*’o + 3—(;—0cos 2(19.33°)+ (~12)sin 2(19.33°) = -34.2 ksi
Therefore 6,‘- =193° Ans and 9,“ =-70.7°

b)

o, = | P4 =Y(13%9)=+(—12)2 =192ksi  Ans

Orientation of max. in - plane shear stress :

an 26, = —(0:-0,)/2 _ =(=30-0)/2 125
Ty -12
6,=-257° and 64.3° Ans

By observation, in order to preserve equilibrium along AB,
Twax has o act in the direction shown in the figure.

42| ksi
2 42K
1 19.3° 43
- 90
257( .70 192 Ksi
A 257
/9. 4 /Sksg
9.2kt 42IKSE fnss {
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*9-16 The state of stress at a point is shown on the cle-
ment. Determine (a) the principal stresses and (h) the max-
imum in-plane shear stress and average normal stress at the
point. Specify the orientation of the element in each case.

250 MPa

—1 " 175MPa

200 MPa
a) o; = - 200MPa o, =250 MPa Ty = 175MPa
_ o+ 0, G, -0y, 2
G2 = + /¢ Y+ 1
e 5 3/0 Mpa
- 200 + 250 -200 -
= (220205 52 10-1°
2 - 2
o, = 310 MPa oy = - 260 MPa Ans
260 MPa
Orientation of principal stress :
7, 175
tan 26, = E?_u,‘ = =355 = — 07777
6, =—18.94° and 71.06°
25.0MPa
Use Eq. 9- 1 to determine the principal plane of &, and o,
_o.+0, 0 -0, . Pa
o = =2 & —z—eoszo+ . sin20 285M Zs,oMPq
61"
6=6, = - 1894°
- 200 + 250 - 200 ~ 25§
Oy = 2 + 002 0 cos(— 37.88°) + 175 sin (- 37.88°) = — 260 MPa = o,
Therefore 6,, = 71.1° 6,, = —18.9° Ans
370 MPa
o = =200 —
b) JTmax = = 3 Py = \/( L‘f’zﬂ’)z +175% = 285MPa  Ans
711°
285 Mpa
o + -
Guvg = —LEEL = _Zoﬂ;ﬂ) = 25.0MPa Ans

<Z6-1°

Orientation of maximum in - plane shear stress :

189°
(o Z %) =200 - 250 IZSDMPA !

n26, = = ~ZT 157 260 MpPa
T 175
6, =261° Ans and -63.9° Ans

By observation, in order to preserve equilibrium, 7, = 285 MPa has 10 act in the direction
shown in the figure.
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9-17. A point on a thin plate is subjected to the two
successive states of stress shown. Determine the resultant
state of stress represented on the element oriented as
shown on the right.

gsMmpa GOMPa

85 MPa

For elementa
o, =0, =85MPa T, =0 0= -45°
(O)e = &_‘;;'J--pg%&mZOd- T, 8in 26

= Q%E + ?igﬁm(-w'no = 85MPa

(0y)e = ”'_;_&-E-;—"sze—r,,shzo
85485 BB (907 -0=85MPa
2 2
(tey)e = --ai;—qlsin29+ TxyCOS 260
- _55_;5sin(-90°)+o-o

Forelement ) :
0,=0,=0 1, =60MPa 8= -60

(o)s = L;.ﬂl + g‘-—;—al-ms 20 + 1, 3in 20
=0+ 0 + 60sin (-120°) = - 51.96 MPa
©@h = i‘—fz-ﬁl - i'-‘l-;—‘-’l-mzo -1, sin28 i

= 0- 0 - 60sin (- 120°) = 51.96 MPa 0'1,

(feyde = = ."_‘;_‘!Lsi,.zu T,y c08 20 —_—t ‘];1
85 - 85 l 0,

= - —-z—sm(—120') + 60 cos (-120°) = - 30 MPa |

a, = (Or)e +(0¢)s = 85 + (—5196) = 33.0MPa  Ans I

g, = (0y)s +(0y)s = 85 + 51.96 = 137 MPa Ans

Ty = (Try)e + (Try')s = 0+ (-30) = - 30MPa Ans
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9-18 A point on a thin plate is subjected to the two suc-
cessive states of stress shown. Determine the resultant state

of stress repr d on the el oriented as shown on the right.
For element a :
oy = &t + E’—-_zﬂcos 26+ 1,,sin 26

2
=200 = 0.5(0,)s +0.5(0y )a +0.25(05)a ~0.25(0) )a +0.8660(%:y )a
=200 =0.75(0%)a +0.25(0) )a +0.866(Tyy )a [49]

350 MPa
~350 = 0.5(0,), +0.5(0, )q +0.25(0y b — 0.25(0), —~ 0.8660(7.y Ju

~350 = 0.25(0;), +0.75(0y )a —0.866(7;, )s ()

Ty = —%sm 26+ Ty cos 20

=-0.4330(0;)s +0.4330(0, )o +0.5(Ty )a 3
Solving Eqgs. (1), (2), and (3) yields :
(O¢)a ==237.5 MPa
(0y)s ==-312.5 MPa
(T )a = 64.95 MPa

For element b :
oy = E‘-%E’- + g’—;&cos 20+ T, sin 20
oy =0 6 =-25°

0= 0.5(0,)s +0.5(0y ) +0.3214(0,)s —0.3214(0, ), - 0.7660(7zy s
0 = 0.8214(0;)s +0.1768(0, )5 —0.7660(7, ) [O)]

o-=0 6=65
0=0.5(c,) +0.5(d, ), —0.3214(0, ), +0.3214(0, ), +0.766(t,, s
0 = 0.1786(0;), +0.8214(0, ) +0.766(:, ) )

ey = -E'_;ﬁsin 20+ 7y cos 26

9=25 1, =58MPa
58 = 0.3830(0; )s — 0.3830(0y )y +0.6428(zy )5 (6)

Solving Egs. (4), (5), and (6) yields :
(0y)p = 44.43 MPa
(0,)y =—44.43 MPa
(Tgy)s = 37.28 MPa

0; =(0:)a+(0:)s
=-237.5+4443=~193MPa  Ans

0, =(0,), +(0) )
=-312.5-4443=-357TMPa  Ans

Ty =(Tay)a +{(Toy e
=6495+3728=102MPa  Ans

Note: This problem can also be solved by using o, = -200 MPa
0, =-350 MPa, 7,, =0, and 8 = -30°
for element a, and o, = 0, 0, =0, 7,, = 58 MPa and
6 = 25° for element b.
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9-19 The stress along two planes at a point is indicated.
Determine the normal stresses on plane b-b and the princi-

pal stresses.
b
a a
s 4
45 MPa
—
4]——-» Ox x
__0:—0y . 15D%
Tp = sin 20 + 1, cos 26 -—— / ,
x d
(Gx - O)

-25= 5 sin (—=300°) +45 cos (-300°)

o, = 109.70 MPa

_G:t0y O

0, .
o 5 T’ cos 20 + T, sin 20

_109.70+0 109.70-0
2 2

cos (—300°) +45 sin (-300°)
0, =121 MPa Ans

0; +0, G, -0,
O1,2 = x2 ’iV( x2 Ly + 13

109.70+0 109.70 -
- - + i\/( 09’;0 0)2*’(45)2

o) =126 MPa Ans

o0, =-16.1 MPa  Ans
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*9.20. The stress acting on two planes at a point is indi-
cated. Determine the shear stress on plane a-a and the prin-
cipal stresses at the point.

a

AN

t, g ROs s, 9421’4.‘
S s=45°
ook, <] T

607

<5

30hy

0. = 60 sin 60° = 51.962 ksi
Ty = 60 cos 60° = 30 ksi

O:+0,  0;-0
0s=—=—2 4+ 22 0520 +1,, sin260

51962+0, 51.962—
B0= ot 2 %: cos (90°)+ 30 sin (90°)

0, = 48.038 ksi

Oy — O,
Ta ==( = L

)sin 26 +17,,cos 6

51.962-48.038

=—( 3 )sin (90°) + 30 cos (90°)

Ta =—1.96ksi  Ans

Oy + 0, Oy — O,
o1, =———i‘/ gl 2
2 2 ( ) )2+Ixy

_ 51.962+48.038 + ‘/ (51.962 ~48.038
2 2

¥ +(309
0y =80.1ksi  Ans

0, =199ksi  Ans
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9-21. The stress acting on two planes at a point is indi-
cated. Determine the normal stress o, and the principal
stresses at the point.

Stress Transformation Equations : Applying Egs. 9-3 and
9-1 with §=-135°, 0, = 3.464 ksi, 7, =2.00ksi, T, =2 ksi,

and G, =0 a
Ty = -‘L;f-'-sm 26+ 7, cos 20
-3.464
2= _E;.;_—sin (~270°) + 2cos (~270°)
0, =7.464 ksi y-\ - y x
o 34645 200150 0
0, =25 % %D os 2041, 5in 20 *
. 464 7.464-3.464 45
o, = [HA+3A64 T cos (~270°) + 2sin (~270°) 327
2 2 ks F139°
=7.46 ksi Ans {
l %
In - Plane Principal Stress : Applying Eq.9-5, <!

o, +0, ’(d‘, -0, \
O, = Y ——I§ +12
2 2 2 ) Xy

_7.464+3.464 (7.464-3,464)‘ o
2 2
=5.464£2.828
o, =829 ksi 0, = 2.64 ksi Ans
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9-22. The wood beam is subjected to a load of 12 kN. If
grains of wood in the beam at point A make an angle of
25° with the horizontal as shown, determine the normal
and shear stress that act perpendicular to the grains due
to the loading.

:lt Y Mgz KN

I= 1—12(0.2)(0‘3)’ =0.45(10") m* 857"
04 = YA’ =0.1125(0.2)(0.075) = 1.6875(10"*) m® 112-5mm
_ My, _ 13.714(10°)(0.075) 300
On= = = asdo, = 2257 MPa (D i
Yo _ 6875001687510 _ e " 200mm
It 0.45103)02) :

o, = 2.2857 MPa o, =0 Ty =—0.1286 MPa 6=115°

O, + 0, + Oy —
2
2
or=Z 827 2.2 2837 Ocos 230° + (-0.1286)sin 230°

=0507MPa  Ans - ORB6MP.

8:“5.

_ 1
= P sin 26+ Ty C05 20 l i)zdﬂﬂ \ ’
——— h

o
f,-y' =- 2
= (22570 2857 0, sin 230° + (~0.1286)c0s 230°

=0.958 MPn Ans

Oy = ——= % cos 26+ Tyy 5in 20
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9-23, The wood beam is subjected to a distributed
loading. Determine the principal stresses at point A and
specify the orientation of the element.

12 KN 4m 1,
A
4857~ e
1 3 _ -3\ 4 6851
I= 0.2)0.3’ =045(10")m i v N
- . l 3 =137/ ko
O1 = yA' =0.1125(0.2)(0.075) = 1.6875(10"*) m® Me157/4
My,  13.71410°)0.075) 6857"
= — T2
1 045107 2857 MPa
112-5mm
VO, _ 6.875(10°)(1.6875)10°%) (
Ty = e = =
“Tn 0.45(10-)(0.2) 0.1286 MPa 300mm
0,=2285TMPa 0, =0 1, =—0.1286MPa +——t
o:+0, . [0C:-0, , Z00me
01,2 ='—-2——i (——2—-) +‘l'}”
2.2857+0 , [ 2.3857—
= :tJ 35720y 2, o.12867
2 2
0y =229MPa  Ans
0, =-720kPa  Ans ~ OIZ56MFa
7, ~0.1286 “" I Y
tan 26, = -4 =
? T (o:-0,)2  22857-0)2 ! #c85Hp,
8, =-321° 7.20 MR-
.2°
Check direction of principal stress :
[ -
o =—:& + %% 00526+ 1,,5in 26 2.29 MFa
2.2857+0 2.2857-0
==+~ 008 (-642°)~0.1285sin (-6.42)

=229 MPa
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*9.24, The grains of wood in the board make an angle of
20° with the horizontal as shown. Determine the normal
and shear stress that act perpendicular to the grains if the
board is subjected to an axial load of 250 N.

t 300 mm |
N L~ 60 mm
250N w——f ~ ; 250N

\o0° P [

25 mm

250
(0.06)(0.025)

P
Ox = A = = 166.67 kPa

o,=0 17,=0

6=110°
0:+0,  0,-0,
Oy = ——2 4+ 2200520+ 1,,5in20

2

- 166.67+0+ 166.67 -0

2 2 cos 220°+0 = 19.5 kPa Ans

o~ 0,

)sin 26+ 7., cos 26

166.67-0_ .
=~( ———-—2——-—)sm 220°+0=53.6kPa  Ans

!

X
\‘ v »
16667k 1% | &=10
PP Y
) R
yﬁ/ - 200
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9-25 The wooden block will fail if the shear stress acting
along the grain is 550 psi. If the normal stress o = 400 psi,
determine the necessary compressive stress oy that will cause
failure.

ZESS" _ .
- -~ 0, = 400 psi

’

o, -0, . x
O )sin 26 + 1, cos 260 .
y 'y \’:e/ 935-?.‘*5]':/*;.
- 4o0ps(
550 = (20 =% ) in 2960 40 S o6
. Px Y
o, =—824psi  Ans
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9-26. The square steel plate has a thickness of 10 mm
and is subjected to the edge loading shown. Determine
the maximum in-plane shear stress and the average
normal stress developed in the steel.

50 Nim

o, =5kPa oy, ==5kPa Ty =

(Z=%y2,q2

Tmax =
in-plase 2
. 22 . 5k
=‘/(§—§£)2+0=5kPa Ans 0= Gor
r_, 5 &P
SKpa
Note
w@n 26, —(0,-0,)/2
B / \(5 «Pa
"0
tan 26, =:£t.5)_12 =00 \ d
0
6, =45
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9-27 The square steel plate has a thickness of 0.5 in. and is
subjected to the edge loading shown. Determine the princi-
pal stresses developed in the steel.

16 1bfin.

16 Ib/in.

o, =0 o, =0 Ty =32 psi

012 =22 (220 gy == 3eps
2 2 ‘ !
=0ty 0+322 ~

0, =32psi  Anms

0y =-32 psi Ans _ . 32 fsf
<9,, =45
Note : 4s*
tan29p = ——L = 3—2 =00 -
(0x-0,)2 0 32 psi
6, = 45°
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*9-28 The sintply supported beam is subjected 1o the trac- Z, HL

tion stress 7 on its top surface. Determine the principal —_—
stresses at points A and B. ,‘#{
Lol b = Cyed
e L 7,0d
A
. B J N
: == 5T Ioeln
L__—uz——J———UZ-————4 A
LA
7,605 -
+ P
Lok Lo
Point A: - J
Zobl /{_
Mc P _ (nbLdI®@dl2) TbLI2 _ Tl
= em— — =
GETT AT Loxay bd d
Co
T4a="To —

Z
T
k\a‘;a

Point B :
Mc P (t,bLd/4)dl2) TobLIZ_Z‘roL
=TI T s bd | d
T A Lbd
24,
210L
O'1=—5— Ans

(o] =0 Ans
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9-29 The bell crank is pinned at A and supported by a short
link BC. If it is subjected to the force of 80 N, determine the
principal stresses at (a) point D and (b) point E. The crank
is constructed from an aluminum plate having a thickness of
20 mm.

Point D :

A = 0.04(0.02) = 0.8(10°) m*

I= -11—2(0.02)(0.04’) =0.1067(10"%) m*

Op = yA' = 0.015(0.02)(0.01) = 3(107%) m?

Normal stress 47 22m gon
) pag
64 7.2(0.01) % — -

P My

Op = —+ —= = - ———— = ~(),595 MPa <
A 1 08(107%) 0.1067(10°%)
ollm
Shear stress :
_Ye_ a0 Fec = 47.
™= = Tlocosos = VoS MPe 87273/ (4

Bon

Principal swress : 0, = -~ 0.595MPa o, = 0 1, = 0.0675 MPa V48N P
3
_ N=b44) ~f rﬁﬁ(
a,;:"‘—ﬂqu.‘/(.‘z‘__fL)l,;Tny /\‘L_‘__,_J
2 - 2
0-15m

_ — M=T2N-m
B - 7
2 ° 2
(o)
oy = 7.56kPa Ans
G, = —603kPa Ans Mz 5 2364P)m
PointE : = V= B7213 N
= é(o.oz)(o.os’) = 0.2083(10°%) m* ""‘.EI_U
872738
Qe = YA = 0.02(001)(0.02) = 4.0(107) m’ e
Nommal stress :
My _ 5.2364(0.015)
O = — = —————== 377.0kPa
1~ 0.2083(10-°
(10°%) e 20675 MFA
Shear stress : ‘——+ 2575)\4/4
]
-6
=Y B12BUEONY) oo o0 ip, 277.0 KP®

It 0.2083(10-)(0.02)

Principal stress : o = 0 @, = 377.0kPa 1, = 83.78kPa B3-78 kPa

o+ G = G,
au=._2_1):‘f(_2;)1+r}, 1 £ 'f
_0x3me  [OSETe L o Lj=
2 - 2 1

o; = 395kPa Ans

0= - 17.8kPa Ans
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9-30 The clamp bears down on the smooth surfaces at C
and D when the bolt is tightened. If the tensile force in the
bolt is 40 kN, determine the principal stresses at points A
and B and show the results on elements located at each of
these points. The cross-sectional area at A and B is shown
in the adjacent figure.

1 A
25 mm -,—Bglso mm

30 mm

I= -115(0.03)(0.05’) =0.3125(10"°) m*

Q=0
Op = (0.0125)(0.025)(0.03) = 9.375(10°%) m®

Point A :
o = TMe _ 240090025 o ¢y
1 03125109
Here,
o, =0 Ans
0, =—192MPa  Ans

Point B :
Op = -1‘;)—, =0
3 -6 192 Mba
5= YQE _ 24(10°)(9.375)(107°) =240 MPa A—
It 0.3125(1076)(0.03)
0,=0 o0,=0 1,=-24MPa — Z¢MP .
O:+0y 4 .[( OOy 2 2 J B
Ci12 = + + T
1,2 2 ( 2 ) y
=01 /0+(24)?
o) =24.0 MPa Ans
0 =-24.0 MPa Ans
tan Zep = __L = Eﬂ. = oo
(6:-0,)/2 0 26.0Mpa

6, =45 and 6, =—45°
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9-31 The cantilevered rectangular bar is subjected to the
force of 5 kip. Determine the principal stresses at points A
and B.

1= i(s)(s’) =54in* A=(6)3)=18in’

04 =225(15)3) = 10.125 > Qs =2()(3) = 12in’

Point A :
P Mz 4 4515) .
= —+ =1.472 ksi
ATATT TR T
= -‘é-% =1(_10_.1§2 = 0.1875 ksi
It 54(3)
0, = 1472 ksi 0,=0 1, =0.1875ksi
o,+0,  [0:—0,
Oy = ——2 5 L+ (—‘2—")‘4—1',(,z
=ﬂ23.*_°t (1"‘—722'—0)2+o.w?s2

o0, =1.50ksi Ans
0, =-0.0235ksi  Ans

Point B : 01875 ksi
P Mz_4 4501 _ . l
an:x-_'_=ﬁ-_s_4._-o.61uks1 ——‘] q—~/'474 Ksi
——l

1= %2 3D 6000y
I 540)
0, =-0.6111 ksi 0, =0 £, =0.2222 ksi

P XL TN =T

_-0611+0 (-o.slzll-o)mlzz22

2
-— -

0, =00723ksi  Ans 2.2822 K5

0, =-0.683ksi  Ans ‘ 0 61 Ks;
——
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*9.32 A paper tube is formed by rolling a paper strip in a
spiral and then gluing the edges together as shown.
Determine the shear stress acting along the scam, which is
at 30° from the vertical, when the tube is subjected to an
axial force of 10 N. The paper is 1 mm thick and the tube
has an outer diameter of 30 mm.

30°

IR -

30 mm /0?7‘ Kpa

0= — = —— e = 109.76 kPa
A £(0.03? - 0.028%)

o, = 10976kPa 0, =0 7, =0 6 =30°

o6, -0, .
Teyr ‘2 2 sin 26 + T, cos 20

_109.76 ~ 0

sin60° + 0 = — 47.5kPa Ans
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9-33 Solve Prob. 9-32 for the normal stress acting perpen-
dicular to the seam.

e R

30 mm

=P - 10  _ 10976kpa
A X003 - 0.028)

+0, O — O .
=%t% & 2cos 20 + Ty sin 26

n

2
- 10976+ 0 10976 = 0 o (60°) + 0= 82.3kPa Ans
2
-] 109.76 kPa
. 4
xl
30"
X
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9-34. A rod has a circular cross section with a diameter
of 2 in. It is subjected to a torque of 12 kip-in. and a
bending moment M. The greater principal stress at the
point of maximum flexural stress is 15 ksi. Determine the
magnitude of the bending moment.

J= %‘(1)‘ =1.5708 in*

I= "‘-'(1)2 =0.7854 in*

[ )2+1_-x,2
2

=225 4 0c

15 )2 +7.639?

_lamam ‘/ (1273
T2 2

M=873kip-in. Ans
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9-35 Determine the principal stresses acting at point A of
the supporting frame. Show the results on a properly ori-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>