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9-1. Prove that the sum of the normal stresses
oy +0,=0y+ oy, is constant. See Figs. 9-2a and 9-2b.
Stress Transformation Equations: Applying Egs. 9-1 and 9-3 of the text.
oy toy, o0y
oyt oy =——"—"+——00820 + 7,,5in 20
J 2 2 J
o, +o, o,—o0,
+ T - TCOSZG — T,y 8in 26
oyt oy =0,+0, (Q.EE.D)
‘¥
oy
U
0y
%\
Uk.
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9-2. The state of stress at a point in a member is shown on A 8 ksi
the element. Determine the stress components acting on
the inclined plane AB. Solve the problem using the method 2 ksi —
of equilibrium described in Sec. 9.1.
5 ksi
60°
'
—_—

Referring to Fig a, if we assume that the areas of the inclined plane AB is A A, then
the area of the horizontal and vertical of the triangular element are A A cos 60° and
A Asin 60° respectively. The forces act acting on these two faces indicated on the
FBD of the triangular element, Fig. b.

+/2F, =0, AF . + 2A Asin 60° cos 60° + SA Asin 60° sin60°
+ 2A A cos60° sin60° — 8A Acos60° cos60° = 0
AF, = —3482AA
HNIF, = 0; AF, + 2AAsin 60° sin 60° — SA Asin 60° cos 60°
— 8AAcos60° sin 60° — 2A A cos 60° cos 60° = 0

AF, = 4629 AA

From the definition,

. AF, .
Ty = llmAAHOU = —3.48 ksi Ans.
AF,
Tyy = limAA_,OTA' = 4.63 ksi Ans.

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

AsSinGo’ AA
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9-3. 'The state of stress at a point in a member is shown on 500 psi
the element. Determine the stress components acting on
the inclined plane AB. Solve the problem using the method B
of equilibrium described in Sec. 9.1. /
L 600
350 psi

Referring to Fig. a, if we assume that the area of the inclined plane AB is A A, then
the areas of the horizontal and vertical surfaces of the triangular element are
AAsin 60° and AAcos 60° respectively. The force acting on these two faces are
indicated on the FBD of the triangular element, Fig. b

+N\NEF =0 AF, + 500 A Asin 60° sin 60° + 350A Asin 60° cos 60°
+350A A cos60° sin60° = 0
AF, = —67811 AA
+72F, =0 AF + 350A Asin60° sin 60° — S00A Asin 60° cos 60°
—350A Acos60° cos 60° = 0

AF, = 4151 AA

From the definition

AFy .
o = limy g AA —6.78 psi Ans.
. AFy .
Tey = hmM_,OU = 41.5 psi Ans.

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

BA singo® 500AASineo®

MQSéO" 60' AA

@
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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.

*9-4. The state of stress at a point in a member is shown A [ 400 psi

— <~—— 650 psi

J+2F, =0 AF . — 400(A Acos 60°)cos 60° + 650(A A sin 60°)cos 30° = 0

60°
‘

AF, = —3875AA

-

N+2F, =0 AF, — 650(AAsin 60°)sin 30° — 400(A A cos 60°)sin 60° = 0

AF, =455 AA B
. AFX' .
oy = llmAAgoﬂ = —388 psi Ans. ’ .;‘/‘
M k@
AFy, .
Oy = limyy0——— = 455 psi Ans.
* AA dm'
420 Mcos bo*
The negative sign indicates that the sense of o, is opposite to that shown on FBD.
¢9-5. Solve Prob. 9-4 using the stress-transformation A 400 psi
equations developed in Sec.9.2. [
—650 psi oy, = 400 psi Ty =0 0 = 30°
o, to, o,—o0 ) — > <— 650 psi
A + ?cos 26 + 7,,sin 20 ?0°
—650 + 400  —650 — 400
= + cos 60° + 0 = —388 psi Ans. l
2 2
B

The negative sign indicates o, is a compressive stress.

Ox = 0y |
Tyy = —Tsm 20 + 7,y co0s 20

- —(M)m 60° = 455 psi Ans.
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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 90 MPa
the inclined plane AB. Solve the problem using the method
of equilibrium described in Sec. 9.1.
35 MPa
50 MPa

NEIF, =0 AF, — S0A A sin 30° cos 30° — 35A A sin 30° cos 60° +
90A A cos 30° sin 30° + 35A A cos 30° sin 60° = 0
AF, = —3482AA
/+EF, =0 AF, — 50A A sin 30° sin 30° + 35A A sin 30° sin 60°

—90A A cos 30° cos 30° + 35A A cos 30° cos 60° = 0

AF, =49.69 AA

. AFx'

Ty = llmﬁAHOU = 49.7 MPa Ans.
AF,

Txryr = limAA_,()TA = —34.8 MPa AIlS.

The negative signs indicate that the sense of o, and 7., are opposite to the shown
on FBD.

9-7. Solve Prob. 9-6 using the stress-transformation

equations developed in Sec. 9.2. Show the result on a sketch. 90 MPa

o, =9%MPa o,=50MPa 7, =-35MPa 0= —150°

o, to, [

oy = ? + ?ycos 20 + rxysin 20
N _
_ %T” . 902750‘:%(—3000) + (—35) sin (—300°)
= 49.7 MPa Ans.
U'X - T

y .
Tey =TT sin 20 + 7, cos 26

90 — 50
= —<T>sin(—300°) + (=35) cos (—300°) = —34.8 MPa Ans.

The negative sign indicates 7, acts in —y’ direction.
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*#9-8. Determine the normal stress and shear stress acting

on the inclined plane AB. Solve the problem using the —45MPa
method of equilibrium described in Sec. 9.1.
80 MPa
45°
-—
A
Force Equllibrium: Referring to Fig. a, if we assume that the area of the inclined B
plane AB is A A, then the area of the vertical and horizontal faces of the triangular
sectioned element are A A sin45° and A A cos45°, respectively. The forces acting on A A B 0
the free-body diagram of the triangular sectioned element, Fig. b, are AA 5/”45
SF,=0; AF, + [45(106)AAsin 45°}c0s 45° + {45(106)AACOS 45°]sin 45° /N

—{80(10"’)AA sin 45"}05 45° =0 LA Cocd5°
AF, = —5(10°)AA Ca)
SF,=0; AF, + {45(106)AACOS 45°]cos 45°—{45(10")AA sin 45°]sin 45°
—{SO(IOG)A Asin 45°}sin 45° =0
AF, = 40(10°)AA
Normal and Shear Stress: From the definition of normal and shear stress,

X!

AF .
oy = limAAHOTA = —5MPa Ans.

Toy = limysg TAy = 40 MPa Ans.

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

x /
\ AF 4500°) AA5in45°
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¢9-9. Determine the normal stress and shear stress acting
on the inclined plane AB. Solve the problem using the
stress transformation equations. Show the result on the
sectioned element.

Stress Transformation Equations:

0 = +135° (Fig. a) o, = 80 MPa o, =0
we obtain,

o, + o, Oy~ 0y
oy =—F—+ ————cosf + 7,,sin 20

2 2

80+0 80 —0
= 2 + Tc05270 + 45sin 270°

—5 MPa

Oy — 0y
Tyy = T — sinf + 7, cos 20

= - 8 ) 0 sin270° + 45 cos 270°

40 MPa

indicated on the triangular element shown in Fig. b.

45M P
BomMba

45 MPa
_—
80 MPa
45°
-—

, = 45MPa A

Ans.

Ans.

The negative sign indicates that o, is a compressive stress. These results are
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9-10. 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.

Force Equllibrium: For the sectioned element,

N+ZF, = 0;

AF, = 4165 AA

J+SF, = 0;

AF, = —2714 AA

Normal and Shear Stress: For the inclined plane.

. AFx’
o= llmAAHOU

—2.71 ksi

AF,

Tx/yf = limAA_,o H 417 kSl

—2(A A cos 30°)sin 30° — 4(A A cos 30°) sin 60°

AF, + 3(AAsin 30°)cos 60° + 4(A A sin 30°)cos 30°

—2(A A cos 30°) cos 30° + 4(A A cos 30°) cos 60° = 0

2 ksi

3 ksi

30° 4ksi

AF, — 3(AAsin 30°)sin 60° + 4(A A sin 30°)sin 30°

LA
AAsin30"

DA oS30
’ x !
1 /
msmah AR

S

AsAcesio’

[N

28Ac0830"

Ans.

Ans.

Negative sign indicates that the sense of o, is opposite to that shown on FBD.

9-11. Solve Prob. 9-10 using the stress-transformation
equations developed in Sec. 9.2. Show the result on a sketch.

0 = +60° = —4ksi

o, = —3ksi o, = 2ksi Tyy =

Stress Transformation Equations: Applying Egs. 9-1 and 9-2.

oyt oy
2

Oy —

o + 2 , c0s20 + 7, sin 20

cos 120° + (—4 sin 120°)

Y sin 20 + Tyy COS 20

2
sin120° + (—4 cos 120°)

4.17 ksi

Negative sign indicates o, is a compressive stress

Normal and Shear Stress: In accordance with the established sign convention,

2 ksi

3 ksi

4 ksi

Ans.

Ans.
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#9-12. Determine the equivalent state of stress on an =
element if it is oriented 50° counterclockwise from the
element shown. Use the stress-transformation equations.

10 ksi

——> 16ksi

o, =—-10ksi o,=0 7, =—16ksi
9 = +50°

oy to, o,-0

e + ?ycos 20 + 7,,sin 20

-10 + 0 -10 -0
= 4 - -

2 cos 100° + (—16)sin 100° = —19.9 ksi Ans.

oy — 0,
Tyy = —| ——5— Jsin 20 + 7,,cos 260

2
—10-0Y . .
=77 )sin 100° + (—16)cos 100° = 7.70 ksi Ans.
oy to, o,—0, .
Oy =T T fcos 260 — 7,,sin 20
-10+0 -10 -0
= > - ( > )cos 100° — (—16)sin 100° = 9.89 ksi Ans.
I
/9.9 £sp
72 Ksp
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¢9-13. Determine the equivalent state of stress on an 350 psi
element if the element is oriented 60° clockwise from the
element shown. Show the result on a sketch.

— v > 75psi

200 psi

In accordance to the established sign covention,
0 = —60° (Fig. a) o, = 200 psi o, = =350 psi Tyy = 75 psi

Applying Eqs 9-1, 9-2 and 9-3,

oyt oy [

y .
Oy =T + — cos 20 + 7, sin 26
200 + (—=350) 200 — (—350) .
= 2 + 2 cos (—120°) + 75 sin (—120°)
= —277.45 psi = =277 psi Ans.
o, to, o, — 0,
oy = T - ?’cos 20 — 7,y in 20

200 + (=350) 200 — (—350)

> > cos (—120°) — 75 sin (—120°)

= 127.45 psi = 127 psi Ans.

o, — 0O

y o
Tyy = =5 sin 26 + 7, cos 20

200 — (—=350) .
S S— (—120°) + 75 cos (—120°)
= 200.66 psi = 201 psi Ans.

Negative sign indicates that o, is a compressive stress. These result, can be
represented by the element shown in Fig. b.

K7ps ¢

9____&00 ZOIF‘S(
60°

/

(@) ) 277 pse
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9-14. The state of stress at a point is shown on the element.
Determine (a) the principal stress and (b) the maximum
in-plane shear stress and average normal stress at the point.

Specify the orientation of the element in each case. Show 30 ksi
the results on each element.
—> 12ksi
o, = —30ksi g, =0 Tyy = —12ksi “‘wmm
a)
ot oy o= a2 , 3040 J—s;o—oz , et
012 = 2 + ( ) ) + 7y = ) + ( 2 > + (—12) Tl
2
o = 4.21 ksi Ans.
oy = —34.2ksi Ans.

Orientation of principal stress:

L S —
P o a2 (3002

0p =19.33° and —70.67°

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

oy toy, o—o0

e + Tycos 26 + 7, sin 26
0 = 19.33°
oy = y + ﬂcos 2(19.33°) + (—12)sin 2(19.33°) = —34.2 ksi
Therefore 6p, = 19.3° Ans.
and 6p, = —70.7° Ans.
b)

Ox = Oy\2 —-30 — 0)\?
Tmaxi, e = \/ <?> + 1yt = \/ (#> +(-12> = 192ksi  Ans.

oxt oy -30+0
Tag = T, T 5, T —15 ksi Ans.
Orientation of max, in - plane shear stress:

—(oy —0y)/2 (=30 -0)2
Tay B -12 B

tan 20p = -1.25

0p = —25.2° and 64.3° Ans.

By observation, in order to preserve equllibrium along AB, 7, has to act in the
direction shown in the figure.
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9-15. The state of stress at a point is shown on the element.
Determine (a) the principal stress and (b) the maximum
in-plane shear stress and average normal stress at the point.
Specify the orientation of the element in each case. Show
the results on each element.

In accordance to the established sign convention,

y = —80 MPa T,y = 50 MPa

o, + oy Ty — 0y\2 )
a1 = > + 5 + Txy

o, = —60 MPa o

=60 + (—80) —60 — (—80)
B 2 * \/{ 2

= =70 £ V2600

2
} + 507

o; = —19.0 MPa o, = —121 MPa Ans.
Txy 50
20p = - = —
2 = a2 T 60— (<82

0p = 39.34° and —50.65°

Substitute 6§ = 39.34° into Eq. 9-1,

oyt oy o, —

g,
Oy = + ?}cos 20 + 7, sin 26

—60 + (—80) —60 — (—80) .
= 2 + ) cos 78.69° + 50 sin 78.69°

—19.0 MPa = o
Thus,
(0p); = 39.3° (6p), = —50.7° Ans.

The element that represents the state of principal stress is shown in Fig. a.

g — 0y\2 s —60 — (—80) ? )
. = () 2= 4502 = 51.0MPa Ans.
Bane 2 2

O )2 60— (802 _

tan 205 = —0.2
an s o 50
fs = —5.65° and 84.3° Ans.
By Inspection, T has to act in the sense shown in Fig. b to maintain
in-plane
equilibrium.
oyt o, —60 + (—80)
e 5 = —70 MPa

The element that represents the state of maximum in - plane shear stress is shown in
Fig. c.

80 MPa

—_—t

50 MPa

60 MPa
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9-15. Continued

12! Mfa

[9.0MPa
39.3°

51.0Ml
545"

70Mi

)
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*#9-16. The state of stress at a point is shown on the 60 MPa
element. Determine (a) the principal stress and (b) the
maximum in-plane shear stress and average normal stress at

the point. Specify the orientation of the element in each case. V¥V " 30MPa
Sketch the results on each element.

45 MPa
o, =45MPa o, =—-60MPa 7, =30MPa

a) ~—r—

oyt oy Oy~ 0y\2 5
g1, = + + Ty

2 2

7SMM

- 45 — (—60)\?
45 . 60 . \/( 2( )) + G0y omm PSHN
£3.0Mpa se5HA
o = 53.0 MPa Ans.
M9t
o, = —68.0 MPa Ans. .

Orientation of principal stress:

Txy 30 1O NFa
tan 20p = = = 0.5714
" (o - o)z (45 - (-60)2 e
3
0p = 14.87, —75.13

Use Eq. 9-1 to determine the principal plane of oy and o7,:

o, +o, o, — 0,
o= % + %cos 20 + 7, 8in26, where 6 = 14.87°

45 + (—60) 45 — (—60) .
= + c0s 29.74° + 30 sin 29.74° = 53.0 MPa

2 2
Therefore 6p; = 14.9° Ans.
and 0p, = —75.1° Ans.

b)

Tx T Oy\? 45 — (—60)?
Tmaxurplnnc = ( 2 > + Txyz = (f) + 302 = 60.5MPa Ans.

Oy — Oy 45 + (*60)
Cayg = 2 = 2 = —7.50 MPa Ans.

Orientation of maximum in - plane shear stress:

—(0 o) 5 - (<60)/2

tan 205 = -1.75
an s o 30
s = —30.1° Ans.
and
0s = 59.9° Ans.

By observation, in order to preserve equilibrium along AB, 7., has to act in the
direction shown.
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¢9-17. Determine the equivalent state of stress on an 75 MPa
element at the same point which represents (a) the principal
stress, and (b) the maximum in-plane shear stress and the
associated average normal stress. Also, for each case,

determine the corresponding orientation of the element 125 MPa
with respect to the element shown. Sketch the results on

each element.

—A 5, 50MPa

Normal and Shear Stress:

o, = 125 MPa oy = —75MPa 7.y = —50 MPa

In - Plane Principal Stresses:

Oy — 0y Oy — 0y)\2 5
g1, = + + Txy

2 2
125 + (=75) J(us - (—75))2 R
= + (—
5 + 5 (=50)
= 25+V12500
o1 = 137 MPa o, = —86.8 MPa Ans.

Orientation of Principal Plane:

Txy _ —-50
(0. - 0,)2 (125-(-75))/2
6, = —13.28° and 76.72°

tan 260p =

Substitute 6 = —13.28° into

oy to, o,—0,

A + ?)cos 20 + 7, sin 26
125 + (=75) 125 — (=75) .
= 2 + ) cos(—26.57°)+(—50) sin(—26.57°)
= 137 MPa = o
Thus,
(6,)1 = —133°and (6,), = 76.7° Ans.

125 — (=75)/(=50)
The element that represents the state of principal stress is shown in Fig. a.

Maximum In - Plane Shear Stress:

Ty = 0,2 -100 — 0\?
r = \/ <7> Fr,2= \/ <7> +252=112MPa  Auns.
Mane 2 k 2

Orientation of the Plane of Maximum In - Plane Shear Stress:

(oc—0y)2  (125-(-79)2
Tay T -50 -

tan 20, = —

0, = 31.7° and 122°
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9-17. Continued

By inspection, 7 has to act in the same sense shown in Fig. b to maintain
in-plane
equilibrium.

Average Normal Stress:

oyt oy, 125+ (=75)

Cavg = 2 = 2 = 25 MPa Ans.

The element that represents the state of maximum in - plane shear stress is shown in
Fig. c.

8o BMPA (3TMpa

AE5Mpa.
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9-18. A point on a thin plate is subjected to the two T
successive states of stress shown. Determine the resultant

¥y
. 200 MPa \SEiMPa 41—> Tay
state of stress represented on the element oriented as
shown on the right.
+ = .
\.

Stress Transformation Equations: Applying Egs. 9-1,9-2, and 9-3
to element (a) with 6= -30° o, = —200MPa,

oy = =350 MPaand 7,y = 0. 350 MPa
Oyt oy oy — 0oy
(00)a = 5 + 5 cos 20 + 7,y sin 20 1 1
Laouns ™
=200 + (=350) . —200 — (~350) i \ S
= > + ) cos (—60°) + 0 X (@)
= —237.5 MPa :
350 M
oy toy o¢—oy, +
(O'y)a = ) - 5 cos 20 — 7y sin 20
—200 + (=350)  —200 — (—350) X soum
= - cos (—60°) — 0 _x ()
2 2 5
o
= —312.5MPa i
Ty — Oy 16\‘7
(’Txy)a =", sm 26 + 7, cos 26 __l, 2y .
LS
~200 — (—350)

=5 sin(=60) + 0 ]
= 64.95 MPa

For element (b),6 = 25°,0, = oy = 0 and 0, = 58 MPa.

oyt oy Oy — O

(o) = ) + 5 . cos 20 + 7 sin 20

=0 + 0 + 58sin 50°

= 44.43 MPa

oyt oy [

(Uy)b = > - > Y cos 20 — Ty Sin 20

0 — 0 — 58sin 50°
= —44.43 MPa
Ty — Oy
(Txy)b = —fy sin 20 + 7, cos 26
= —0 + 58 cos 50°
= 37.28 MPa

Combining the stress components of two elements yields

oy = (o) + (0,)p = —237.5 + 4443 = —193 MPa Ans.

o, = (o)) + (0,)s = —312.5 — 44.43 = —357 MPa Ans.

Ty = (To)a + (74)p = 64.95 + 37.28 = 102 MPa Ans.
635
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9-19. The state of stress at a point is shown on the element. 160 MPa
Determine (a) the principal stress and (b) the maximum
in-plane shear stress and average normal stress at the point.
Specify the orientation of the element in each case. Sketch 120 MPa_~—
the results on each element.

In accordance to the established sign Convention,

o, =0 o, = 160 MPa Tyy = —120 MPa
o, + gy Oy~ 0y\2 5
012 = 2 + ( ) > + Txy

— 2
_ 0+216O i\/<0 2160> + 1200

=80 + V20800
o) = 224 MPa o, = —642MPa Ans.

Ty . —120
(o, —a)/2  (0—-160)/2

tan 26, = 1.5

0, = 28.15° and —61.85°

Substitute # = 28.15° into Eq. 9-1,

oy toy, oy~ 0y )
Op =—F—— + ——5 00820 + 7,,sin 20

2 2
0+ 160 0 — 160
Ty

2 cos 56.31° + (—120) sin 56.31°

—-6422 = o,
Thus,
(6,); = —61.8° (6,), = 28.2° Ans.

The element that represents the state of principal stress is shown in Fig. a

g, — 0,\2 -1 2
e = \/ <Ty> + 72, = \/ (%) +(—120)> = 144MPa  Ans.

—(0.—0))/2  —(0 — 160)/2
xZ L )2 _ 6667
Tay —-120

tan 26, =

0, = —16.8° and 73.2° Ans.

By inspection, "#%,,. has to act in the sense shown in Fig. b to maintain
equilibrium.

Tt Ty 0+ 160

2 2 = 80 MPa Ans.

Tavg =

The element that represents the state of Maximum in - plane shear stress is shown in
Fig. (c)
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9-19. Continued

64-2Mpa

68°

Ca) 2Z4-Mfa

Z24-MPa.

B0MA
[44- MFa,

)
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#9-20. The stress acting on two planes at a point is
indicated. Determine the normal stress o, and the principal
stresses at the point.

Stress Transformation Equations: Applying Eqs. 9-2 and 9-1 with § = —135°,
oy = 3.464 ksi, 7., = 2.00 ksi, 7,y = —2ksi,and o = 0y,

o, — 0O

Toy = _Ty sin 20 + 7, cos 20
— 3.464
o= ,%Sin (—270°) + 2cos (—270°)
o, = 7.464 ksi
Oy — U'y Ty — O'y
Ty =T + ?cos 20 + 7,,sin 20
7.464 + 3.464  7.464 — 3.464
o, = 3 + 5 cos (—270°) + 2sin (—270°)
= 7.46 ksi Ans.

In - Plane Principal Stress: Applying Eq. 9-5.

o, t o, Oy — Oy\2 )
0'1’2 = + + Txy

2 2
7.464 + 3.464 \/(7.464 - 3.464>2 R
= + + 2
2 2
= 5464 + 2.828
o1 = 829 ksi oy = 2.64ksi Ans.

¥ 3 x
T cr/
(s
A
—]
s F1ast
A

l,
x
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*9-21. The stress acting on two planes at a point is b
indicated. Determine the shear stress on plane a—a and the a
principal stresses at the point.

60 ksi

o, = 60sin 60° = 51.962 ksi

Tyy = 60 cos 60° = 30 ksi

oyt oy g, — O

y .
0= T + TCOSZO + 7,y 8in 20

51.962 + o, 51962 — o,
80 = 5 + 5 = cos (90°) + 30 sin (90°)

o, = 48.038 ksi

oy~ 0y
Ty = —(#>sin 26 + 7, cos 6
51.962 — 48.038
= —(f)sin (90°) + 30 cos (90°)
7, = —1.96 ksi Ans.
oyt oy, Oy~ Oy\2 5
010 = 5 + 5 + Ty
1.962 + 48. 1.962 — 48, 2
_ 51962 + 48038 \/(5 9 8038) + Gop
2 2
o = 80.1 ksi Ans.
o, = 19.9 ksi Ans.
% - q x'
shvieky i \l ﬁ #ads®

Lok
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9-22. The T-beam is subjected to the distributed loading 100 kN/m
that is applied along its centerline. Determine the principal l l l l l l l 1 1 l l l l 1
stress at point A and show the results on an element located
at this point. A
} I'm F——05m —
2‘00 mr‘n
:‘ 20 mm
4 Al 200 mm
75 mm__

The location of the centroid ¢ of the T cross-section, Fig. a, is 20 mm

C_ZFA _01002)(002) +021(002)(02) _
YT sa T 0.2(0.02) + 0.02(0.2) - em [ 02am | j{-—ozm

I = % (0.02)(0.2%) + 0.02(0.2)(0.155 — 0.1)?

e&\z

+ %(0.2)(0.023) + 0.2(0.02)(0.21 — 0.155)*

= 37.6667(10 %) m*

Referring to Fig. b, (a.)
Q4 =7y A =0.1175(0.075)(0.02) = 0.17625(10%) m*

Using the method of sections and considering the FBD of the left cut segment of the

beam, Fig. c,
+15F, =0 V —100(1) = 0 V = 100 kN
C+EMc = 0; 100(1)(0.5) = M =0 M =50kN-m

The normal stress developed is contributed by bending stress only. For point A,
y = 0.155 — 0.075 = 0.08 m. Thus

~ My 50(10%) (0.08)

= = = 106 MPa
I 37.6667(107°)
The shear stress is contributed by the transverse shear stress only. Thus,

VO, 100(10%)[0.17625(107%)]
It 37.6667(10°%) (0.02)

= 23.40(10%Pa = 23.40 MPa

The state of stress of point A can be represented by the element shown in Fig. c.

Here, o, = —106.19 MPa, o, = 0 and 7, = 23.40 MPa.

oyt oy Oy — 0y\2 )
g1,2 = + +Txy

2 2
-106.19 + -106.19 — 0)2
_ ~106.19 Oi\/( 106.19 0) + 23.40°
2 2
= —53.10 + 58.02
o) = 493 MPa o, = —111 MPa Ans.
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9-22. Continued

Txy 23.40
tan 26, = = = —0.4406
My = o a2 (-106.19 — 0))2
6, = —11.89° ans 78.11°
Substitute § = —11.89°,
o, to, o,—-0,
oy =—F7—"+———0c0520 + 7,,5in 20
2 2 )
—106.19 + -106.19 —
S ;9 0 + 106 ;9 0 cos (—23.78°) + 23.40 5m (—23.78°)
= ~111.12MPa = o,
Thus,
(6,); = 78.1° (0,), = —11.9° Ans.

The state of principal stress can be represented by the element shown in Fig. e.

;J . I _{u V

0.075m A | ‘ )C

Py}
qo-izsm
— I 0.5m M

fe-0-02m

(b) )

23.40 MPa. 493 Mpa,

10619 MFa, 78.1°

@)

Himg

(e)
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¢9-23. The wood beam is subjected to a load of 12kN. If a 12 kN
grain of wood in the beam at point A makes an angle of 25° ‘PZ ma‘«l m 4m
with the horizontal as shown, determine the normal and |

|
I
shear stress that act perpendicular and parallel to the grain Z3 Z D 3'00 mm
due to the loading. 0O 25¢ f _ALA ]
75 mm 200 mm

I= % (0.2)(0.3)* = 0.45(10 %) m*

04 =JA' = 0.1125(0.2)(0.075) = 1.6875(107%) m?

_ My, 13.714(10%)(0.075) _ 22857 MPa (T)

TAaT T 0.45(1073)
1% 6.875(10%)(1.6875)(1073
= On _ (10( — VA0 1286 MPa
It 0.45(1073)(0.2)

o, =2285TMPa  ¢,=0 71,,=-01286MPa 6 = 115°

oyt oy Oy — Oy
Oy =T + ?cos 20 + 7, sin 26

22857 +0 22857 -0

cos 230° + (—0.1286)sin 230°

oy >
= 0.507 MPa Ans.
Tuy = —%sin 20 + 7,y cos 260
_ _(%)m 230° + (—0.1286)cos 230°
= 0.958 MPa Ans.
iG] i | ]
78mm [ —a J|\ j_ 300mm
h 7
<5° 1 ; .
4.857"%" 543
] V - 685 7 L2
T
[ 1Y Mgz K™
6857%"
~ OKRB6MPa .t
9:“5’
1
) X
3'5657”})4‘
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*#9-24. The wood beam is subjected to a load of 12 kN. 12 kN
Determine the principal stress at point A and specify the ‘HZ marl m—} 4m |
orientation of the element. + -+
A A @
25 | =
75 mm 200 mm
1 ) 2
1= 15 (02)(03) = 045(107%) m* e K o
Hmer
| A
04 =7FJA' = 0.1125(0.2)(0.075) = 1.6875(107%) m? “‘ET :F =
M 13.714(10°)(0.075 857" 543
o, = My BIMAONOIT) _ , 5e67 mpa (1 O i
i 0.45(107%) | i
04 6875(10°)(1.6875)(107%) R
VO, 687 687 -
= = = 0.1286 MP:
AT 0.45(10%)(0.2) a o5
o, =22857MPa o, = Ty = —0.1286 MPa
H2-Serem
oyt oy o~ 0,\2
012 = + ( > + thy
N 2 2 Xy 3 3’0»-5
. + . -0}’
_ 2857 +0 \/(22857 O) + (~0.1286)? * ot
2 2
oy = 2.29 MPa Ans.
oy = —7.20kPa Ans.
T —
tan 20, = xy 0.1286

(0, — )2 (22857 - 0)/2
0, =—321°

Check direction of principal stress:

oyt oy Oy~ 0y )
gy = 5 + ?cos 26 + 7,,sin 20

22857+ 0 N 22857 - 0

> > cos (—6.42°) — 0.1285 sin (—6.42)

= 2.29 MPa

OIBEN P

)
22851Hp,

Z.20NP.
EX Tl

2.29MPa

643



09 Solutions 46060 6/8/10 3:13 PM Page 644 $

© 2010 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.

¢9-25. The bent rod has a diameter of 20 mm and is 100 mm—~— 150 mm*.‘
subjected to the force of 400 N. Determine the principal H00N J00N
stress and the maximum in-plane shear stress that is
developed at point A. Show the results on a properly
oriented element located at this point.
250 mm
A

Using the method of sections and consider the FBD of the rod’s left cut segment,
Fig. a.

BSF. =0, N—-400=0 N =400N
C+SMc=0; 400(025) —M =0 M =100N-m

A = 7(0.01%) = 0.1(1073) 77 m?

I= %(0.014) =2510"%7 m*

The normal stress developed is the combination of axial and bending stress. Thus,

N My
= 4+
AT
For point A,y = C = 0.01 m.
400 100(0.01)

77010107 2510 7
= —126.05 (10°)Pa = 126.05 MPa (C)
Since no torque and transverse shear acting on the cross - section,
=0
The state of stress at point A can be represented by the element shown in Fig. b

Here, o, = —126.05 MPa, o, = 0 and 7,, = 0. Since no shear stress acting on the
element

o =0,=0 oy = o, = —126 MPa Ans.

Thus, the state of principal stress can also be represented by the element shown in Fig. b.

Ix T 0y\? -126.05 — 02
Tmﬁane = \/ (%) +13, = \/ (W) + 0% = 63.0 MPa Ans.

(0= 0))/2 (~126.05 — 0)/2
= - = 00

tan 260, = —
an s o 0
0, = 45° and —45°
[
Tyy = B — sin 20 + Ty COS 20
—126.05 - 0
= T sin 90° + 0 cos 90°

= 63.0 = "W¥ane
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9-25. Continued

This indicates that Tg}g, ane acts toward the positive sense of y’ axis at the face of
element defined by 6, = 45°

oyt oy 12605+ 0
g =y = = ~630MPa Ans.

The state of maximum In - plane shear stress can be represented by the element
shown in Fig. ¢

400N
e

025m
e

\
@)

126.05MPa

&)

3.0 MP 03.0Mpi 63.0Mpa
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9-26. The bracket is subjected to the force of 3 kip.
Determine the principal stress and maximum in-plane
shear stress at point A on the cross section at section a—a.
Specify the orientation of this state of stress and show the
results on elements.

a A 0.2? in.
T |
0.25 in. 2in
Internal Loadings: Consider the equilibrium of the free - body diagram from the j—t
bracket’s left cut segment, Fig. a. ‘41%,‘ 025 in.
BIF. =0; N-3=0 N = 3kip .
SMp=0;3(4) — M =0 M = 12kip-in Sectiona—a

Normal and Shear Stresses: The normal stress is the combination of axial and
bending stress. Thus,

The cross - sectional area and the moment of inertia about the z axis of the bracket’s
cross section is

A =1(2) — 0.75(1.5) = 0.875 in?

1 1 .
1= W2) = 5075)(15%) = 045573 in'

For point A, y = 1 in. Then

3 2

= 0875 0dssy3 2076k

Since no shear force is acting on the section,
TA = 0
The state of stress at point A can be represented on the element shown in Fig. b.

In - Plane Principal Stress: o, = 29.76 ksi, o, = 0, and 7,, = 0. Since no shear
stress acts on the element,

o =0,=298ksi o,=0,=0 Ans.
The state of principal stresses can also be represented by the elements shown in Fig. b

Maximum In - Plane Shear Stress:

o, — o,\2 —-0\?
. J() N (X0 R ISR
B ane 2 : 2

Orientation of the Plane of Maximum In - Plane Shear Stress:

(x—a)2 _ @6-0/2

tan 26, = —
an <f Tyy 0

0, = —45° and 45° Ans.
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9-26. Continued
Substituting 6 = —45° into
v
Ty T T sin 26 + 7,,cos 20

29, —
= 7ysin(790°) +0

=149ksi = 7

m-plane

This indicates that Tmaxl is directed in the positive sense of the y’ axes on the ace
m-plane

of the element defined by 6, = —45°.

Average Normal Stress:

oct oy 2976 +0
g =y = o = 149k Ans.

The state of maximum in - plane shear stress is represented by the element shown in
Fig. c.

49 ks

29.8 kst

4-9ksi
(b) 4

/4.9 ks¢
<)
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9-27. The bracket is subjected to the force of 3 kip.
Determine the principal stress and maximum in-plane
shear stress at point B on the cross section at section a—a.
Specify the orientation of this state of stress and show the
results on elements.

Internal Loadings: Consider the equilibrium of the free - body diagram of the

bracket’s left cut segment, Fig. a. ‘ B ‘ 095 in
lin . .

ESF =0; N-3=0 N = 3kip

SMp=0;34)—M=0 M = 12 kip-in Section a —a

Normal and Shear Stresses: The normal stress is the combination of axial and
bending stress. Thus,

The cross - sectional area and the moment of inertia about the z axis of the bracket’s
cross section is

A =1(2) — 0.75(1.5) = 0.875 in?
1= i(1)(23) Lo 75)(1.5%) = 0.45573 in*
12 12 :

For point B,y = —1in.Then

3 (-12)(-1) _ .
T8 = 0875 oassts . 2290ksi

Since no shear force is acting on the section,
3=0
The state of stress at point A can be represented on the element shown in Fig. b.

In - Plane Principal Stress: o, = —22.90 ksi, o, = 0, and 7, = 0. Since no shear
stress acts on the element,

op=0,=0 oy = o, = —22.90 ksi Ans.
The state of principal stresses can also be represented by the elements shown in Fig. b.

Maximum In - Plane Shear Stress:

T T 0y\2 —-22.90 — 0)?
T = \/< ‘V> +oryl = \/<790 0) +02=115ksi  Ans.
{Rflpanc 2 : 2

Orientation of the Plane of Maximum In - Plane Shear Stress:

(x—o)2  (229-0p2

tan 26, =
s Txy 0

0, = 45° and 135° Ans.
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9-27. Continued

Substituting 6 = 45° into
o, — 0

v .
Tyy = T sin260 + 7, cos 26

= 7% sin90° + 0

11.5ksi = 7

M ane

This indicates that T is directed in the positive sense of the y’ axes on the
in-plane

element defined by 6, = 45°.

Average Normal Stress:

ortoy 22940

Cayg = 2 = > = —11.5ksi Ans.

The state of maximum in - plane shear stress is represented by the element shown in
Fig. c.

% 29k
3 kjps ‘ — [l

—X
fl (b)

5Kl |15k
5Kt |]-5KA 1:5k5

<)
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*#9-28. The wide-flange beam is subjected to the loading 8 kN/m
shown. Determine the principal stress in the beam at point A "
and at point B. These points are located at the top and A
bottom of the web, respectively. Although it is not very Ay Y T
accurate, use the shear formula to determine the shear stress. ¥ = ] 30°
= B 1omm" |
+—1m i 3m |
A 25 kN
= 10 mm
10 mm Izoo mm
K 10 mm
—f
Internal Forces and Moment: As shown on FBD(a). 200 mm
Section Properties:
A =02(022) - 019(02) = 6.00(1073) m? F(2) =24k1‘1
_1 3 1 2) — —6) 4 TP Py G
I= 5(0.2)(0.22 ) - 5(0.19)(0.2 ) = 50.8(107°) m o 5%}%' \{f
_ R M=73.5 o e =
Q4= 0y =y A’ = 0105(0.01)(0.2) = 0.210(10%) m Htn 25 kn

Normal Stress:

o0l r

N My et
I

g = =
’a-o-ras:[_

A

>
s

m

~21.65(10°)  73.5(10%)(0.1)
©6.00(107%) T 50.8(10°%)

o4 = 3.608 + 144.685 = 148.3 MPa

Om

8 Q.gim

~—

, — 15-09M4
o5 = 3.608 — 144685 = —141.1 MPa 2 ””"i 4 {'=]
Vo 1483 Mg, { Y14Mp It
Shear Stress: Applying the shear formula 7 = I —s e
! Foint 0int

TA = TB

~365(10%[0.210(10%)]
T 50.8(1079)(0.01)

= 15.09 MPa

In - Plane Principal Stress: o, = 148.3 MPa, o, = 0, and 7,, = —15.09 MPa for
point A. Applying Eq. 9-5.

o, toy Ty — 0y\2 )
g1 = > + 2 + Ty

1483 + 0 1483 — 0\?
= 5 + \/< 5 ) + (—15.09)?

= 74.147 £ 75.666

o = 150 MPa o, = —1.52 MPa Ans.

o, = —141.1 MPa, g, = 0,and 7,, = —15.09 MPa for point B. Applying Eq. 9-5.

oyt oy O~ 0y\2 )
g1,2 = + +Txy

2 2
—141.1+ 0 —141.1) — 02
= + \/<( ) ) + (—15.09)
2 2
= —70.538 + 72.134
o, = 1.60 MPa oy = —143 MPa Ans.
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¢9-29. The wide-flange beam is subjected to the loading 30 KN 120 kN /m

shown. Determine the principal stress in the beam at

point A, which is located at the top of the web. Although

it is not very accurate, use the shear formula to determine

the shear stress. Show the result on an element located at | e

this point. t
l 0.9m l 03 m

Using the method of sections and consider the FBD of the left cut segment of the

b Fi i20 mm
ean, Fig. a E

20 mm— J 150 mm

+T2Fy =0 Vv - %(90)(0.9) —-30=0 V =705kN ——20 mm

C+SMc=0;  1(90)(0.9)(03) +30009) — M =0 M =3915kN-m 150 mm

The moment of inertia of the cross - section about the bending axis is

S0k 90 kNjm

I= é (0.15)(0.19%) — %(0.13)(0.153) = 49.175(10"%) m*

Referring to Fig. b, h e h | i )

04 =y A" =0.085(0.02)(0.15) = 0.255 (1073) m?

The normal stress developed is contributed by bending stress only. For point A,
y = 0.075 m. Thus,

My  39.15(10%)(0.075) .
=—="—""——""""2"=5971(10°Pa = 59.71 MPa (T)

I 49.175(10°°) C 2 )

The shear stress is contributed by the transverse shear stress only. Thus

v 70.5(10%) |0.255(107%)
_ VO _ [ ) = 18.28(10%)Pa = 18.28 MPa
It 49.175(10"°) (0.02)

o

Here, o, = 59.71 MPa, o, = 0 and 7, = 18.28 MPa.

oyt oy, Oy~ 0y\2
g1 = + + Txy

2 2
_ 59.712+ 0, \/(59.712— 0)2 + 18087
= 29.86 + 35.01
o; = 64.9 MPa o, = —5.15 MPa Ans.
Tay 18.28

tan 260p = = 0.6122

(0, — )2 (5971 - 0)2

0p = 15.74° and —74.26°

Substitute # = 15.74°,

oyt oy Oy~ 0y .
v =T + Tcos 26 + 7,,in 26

5971 +0 5971 -0

2 + ) cos 31.48° + 18.28 sin 31.48°

= 64.9 MPa = o,
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9-29. Continued

Thus,
(0p)1 =157°  (6p), = —74.3° Ans.

The state of principal stress can be represented by the element shown in Fig. d

(b)

59.7IMPa.

<€)

515 MPa
64 IMPa.

157°

)
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9-30. The cantilevered rectangular bar is subjected to the
force of 5 kip. Determine the principal stress at points A

and B.

I= 11—2(3)(63) =54in* A= (6)3) = 18in’

0,4 =2251.5)3) =10.125in®> Q0 =2(2)(3) = 12in?

Point A:
P Mz 4 45(15) )
==+ =— 4 = 1472k
74 I 18 54 St
V.04  3(10.125) )
ST T sy T 0.1875 ksi
o, = 1472 ksi o, =0 7, =01875ksi
oyt oy Oy — 0y\2 )
g1 = 5 + < 5 ) + Ty
A72 + 472 — 0\?
_ 14140 \/(1 an 0) + o1878?
2 2
o = 1.50 ksi Ans.
oy = —0.0235 ksi Ans.
Point B:
P Mgz 4 451
== - =— — —> = —0.6111ksi
BT AT T 18 54 06111 ksi
V.05 3(12)
= =" = 02222 ksi
BT T 5403 St
o, = —0.6111 ksi o, =0 o = 02222 ksi
oyt oy Oy~ Oy\2
g1 = 2 + < > ) + Txyz
—0.611 + 0 —0.6111 — 0\?
_ 06 :I:\/< 0 0) + 0.222°
2 2
oy = 0.0723 ksi Ans.
o, = —0.683 ksi Ans.

— 0 /875 kST

_'! ""'!"7& <7

— 2222 K5

—1 U—— O 6 /1) KS{
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9-31. Determine the principal stress at point A on the 7.5 mm
cross section of the arm at section a—a. Specify the | _
orientation of this state of stress and indicate the results on °4 T
an element at the point.
7.5 mm — 50 mm

Support Reactions: Referring to the free - body diagram of the entire arm shown |
in Fig. a, f

. 7.5 mm
ZMp = 0; Fcpsin 30°(0.3) — 500(0.65) = 0 Fep = 2166.67TN 20 mm
B SF, =0; B, — 2166.67 cos 30° = 0 B, = 1876.39N Sectiona —a
+T2Fy =0 2166.67 sin 30° — 500 — B, =0 B, = 583.33N

Internal Loadings: Consider the equilibrium of the free - body diagram of the
arm’s left segment, Fig. b.

H3F, =0 187639 — N = 0 N = 1876.39N ‘ a |
|
| | 0.35m
+15F, = 0; V - 58333 =0 V =58333N 015m’ 015 m| lSOON
+EMg = 0; 583.33(0.15) = M =0 M=875N"m

Section Properties: The cross - sectional area and the moment of inertia about the z
axis of the arm’s cross section are

A = 0.02(0.05) — 0.0125(0.035) = 0.5625(10)m?

1 1 -
I =35 (002)(0.05%) = = (0.0125)(0.035) = 0.16367(10°) m*

Referring to Fig. b,
Q4 = y'A" = 0.02125(0.0075)(0.02) = 3.1875(10) m?

Normal and Shear Stress: The normal stress is a combination of axial and bending
stress. Thus,
N My,
==+
TAT AT

~187639  87.5(0.0175)
= +
0.5625(107%)  0.16367(107°)

= 6.020 MPa

The shear stress is caused by transverse shear stress.

v,  58333[31875(10°)]

= = 1.515 MPa
It 0.16367(107°)(0.0075)

TA

The share of stress at point A can be represented on the element shown in Fig. d.

In - Plane Principal Stress: o, = 6.020 MPa, oy = 0,and Tay = 1.515 MPa. We have

oyt oy Oy~ 0y)\2 )
012 = + + Txy

2 2
020 + 020 — 0\?
602040 \/(6020 0) s
2 2
o = 6.38 MPa o, = —0.360 MPa Ans.
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9-31. Continued

Orientation of the Principal Plane:

Ty 1515
(0, - 0,)2 (602002

0, = 13.36° and 26.71°

= 0.5032

tan 20p =

Substituting # = 13.36° into

oyt oy Oy~ 0y
Ty = 2 + 5 cos 20 + 7, sin 26

. - . +
= 6.020 = 0 + 6020 + 0 cos 26.71° + 1.515 sin 26.71°

2 2
= 638 MPa = o,
Thus, (6p); = 13.4 and (6), = 26.71° Ans.

The state of principal stresses is represented by the element shown in Fig. e.

B =083,

¥ y by 593,33 N
0 Y, v

Y B=1676:390

e s —m— Ty
i Gz R e N

Bx. .

0.3m | 0.35m l ousm | M
sooN (b)

0.0075m e [-515Mfe 0 360Mpa

i
0-0/];%"1'%_7}20.02125171 6000 Mfx b-3BMfe

0-0lj5m
"I"l__‘l () 154°

O0.0015m

) @)
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*#9-32. Determine the maximum in-plane shear stress 7.5 mm
developed at point A on the cross section of the arm at : -
section a—a. Specify the orientation of this state of stress and °4 T

indicate the results on an element at the point.
7.5 mm — 50 mm

:

L—‘ 7T.5 mm

20 mm

Sectiona—a

Support Reactions: Referring to the free - body diagram of the entire arm shown

in Fig. a,
EMp = 0; Fcpsin 30°(0.3) — 500(0.65) = 0 Fep = 2166.67TN
L3F, =0 B, — 2166.67 cos 30° = 0 B, = 187639 N
-0 H o _ _ - = | I
+1 SF, =0 2166.67 sin 30° — 500 — B, =0 B, = 583.33N Mo m 05 0.35m

Internal Loadings: Considering the equilibrium of the free - body diagram of the
arm’s left cut segment, Fig. b,

BIF, =0 187639 — N =0 N = 187639 N
+T2Fy =0; V —58333 =0 V =58333N
+2My = 0; 583.33(0.15) — M =0 M =815N-m

Section Properties: The cross - sectional area and the moment of inertia about the z
axis of the arm’s cross section are

A = 0.02(0.05) — 0.0125(0.035) = 0.5625(10~*)m?
1 1 -
1 =45 (0:02)(0.05%) = £ (0.0125)(0.035%) = 0.16367(10~) m*

Referring to Fig. b,
Q4 = y'A’ = 0.02125(0.0075)(0.02) = 3.1875(10°)m’

Normal and Shear Stress: The normal stress is a combination of axial and bending
stress. Thus,

N My,
O'A:Z‘FT

—1876.39 N 87.5(0.0175)

= = 6.020 MPa
0.5625(107%)  0.16367(107%)

The shear stress is contributed only by transverse shear stress.

Vo, 58333[3.1875(10°°)] Ls15 P
= = = 1. a
It 0.16367(107°)(0.0075)

TA

Maximum In - Plane Shear Stress: o, = 6.020 MPa, o, = 0,and 7,, = 1.515 MPa.

oy — 0,\2 _ 2
Tm?ﬁﬁane = (%) + Txyz = \/(%) + 15152 = 337MPa Ans.
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9-32. Continued

Orientation of the Plane of Maximum In - Plane Shear Stress:

(0. =)z (6020 —0)/2
Tay B 1515 -

tan 20, = ~1.9871

6, = —31.6° and 58.4° Ans.

Substituting § = —31.6° into

oy — 0,
Ty T T sin 20 + 7, cos 26

6.020 — 0
=~ sin(~63.29°) + 1515 cos(~63.29°)

=337MPa =1

ma;
m-plane

This indicates that 7 is directed in the positive sense of the y’ axis on the face
in-plane

of the element defined by 6, = —31.6°.

Average Normal Stress:

gt oy 6020+ 0
Tavg = — 5 > = 5 =30LMPa Ans.

The state of maximum in - plane shear stress is represented on the element shown in
Fig.e.

JO/MPa,
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¢9-33. The clamp bears down on the smooth surface at £
by tightening the bolt. If the tensile force in the bolt is 40
kN, determine the principal stress 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 300

. . mm
adjacent figure.

5(‘) mr‘n
30 mm [ g
100 mm T ﬂ ‘
P A ! 25 mm
Support Reactions: As shown on FBD(a) 50 100 mum
Ipp : . . mm
Internal Forces and Moment: As shown on FBD(b). ﬁ

Section Properties:
_ 1 3) — —6) 4
1 =5 (0.03) (0.05°) = 03125 (10°°) m

0,4=0
Qp = y'A" = 0.0125(0.025)(0.03) = 9.375(10"°) m*

M
Normal Stress: Applying the flexure formula o = 77}’.
2.40(10%)(0.025)
o= ———"""2=-192 MPa
0.3125(107%)
2.40(10%)(0)
op = ———_ =
0.3125(107°)
. Vo
Shear Stress: Applying the shear formula 7 = T
24.0(10%)(0)
r= AN
A 0.3125(1079(0.03)
24.0(10%)[9.375(107%)]
Tp = = 24.0 MPa

0.3125(107%)(0.03)

In - Plane Principal Stresses: 0, = 0, 0, = —192 MPa, and 7, = 0 for point A.
Since no shear stress acts on the element.

or=0,=0 Ans.

oy = 0, = —192 MPa Ans.

o, =0, = 0and7,, = —24.0 MPa for point B. Applying Eq. 9-5

oyt oy Oy — Oy\2 )
o= + + Ty

2 2
=0+ V0 + (-24.0)
=0+240

o = 24.0 oy = —24.0 MPa Ans.
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9-33. Continued

Orientation of Principal Plane: Applying Eq. 9-4 for point B.

Ty -240

20 =
tan 26, (o-x - O'y)/Z 0

0, = —45.0° and 45.0°

Subsututing the results into Eq. 9-1 with 6 = —45.0° yields

o, + o, [

Oy =T + Tycos 20 + 7, sin 26

=0+ 0 + [-24.0 sin (—90.0%)]

24.0 MPa = o
Hence,

0, = —45.0°  0,, = 45.0° Ans.

160 N

O3m

40 i 4——
OZ m

Jjum S 24-0MFe.

[ |
Binta  fonts
192 Méa 24-0MF
450
R2domh
Folnt A Beint 8
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9-34. Determine the principal stress and the maximum in- 300 1b

plane shear stress that are developed at point A in the

2-in.-diameter shaft. Show the results on an element located 3000 Ib A 3000 Ib
at this point. The bearings only support vertical reactions. i ‘E#

~12 in.~~12 in.%‘

Using the method of sections and consider the FBD of shaft’s left cut segment, Fig. a, L Ain.
B3F, =0, N —3000=0 N =30001b
+T2Fy:0; 75-V=0 vV ="1751b
C+ZMc = 0; M —7524) =0 M =18001b-in

A=n(1®) =min> [= %(14) :%in‘*
Also,

04=0

The normal stress developed is the combination of axial and bending stress. Thus

N My
=— 4 =
TTAT

For point A,y = C = 1in.Then

3000 1800(1)
T /4

a

= —1.337 (10*) psi = 1.337 ksi (c)

The shear stress developed is due to transverse shear force. Thus,

_VOa
It

=0

T

The state of stress at point A, can be represented by the element shown in Fig. b.

Here, o, = —1.337ksi, o
element,

y =0 is 7., = 0. Since no shear stress acting on the

o=0,=0 oy =0, = —1.34ksi Ans.

Thus, the state of principal stress can also be represented by the element shown in Fig. b.

Tx Oy -1337 - 0)?
i = \/ <7) + 12, = \/ <f> + 07 = 0.668 ksi — 668 psi Ans.

(0, —0y))2 _ (71337 -0)2 _

tan 26, =

Tyy 0
0, = 45° and —45° Ans.
Substitute 6 = 45°,
Oy = Oy
Ty = —T' sin 20 + 7, cos 20
_—1337 -0

= fsin90° +0

0.668 ksi = 668 psi = Mune
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9-34. Continued

This indicates that T{,gl_’},’jane acts toward the positive sense of y’ axis at the face of the
element defined by 6; = 45°.

Average Normal Stress.

The state of maximum in - plane shear stress can be represented by the element
shown in Fig. c.

-—-’ P——

y T y (_b)
26in. ‘/2mf

761b

CoBPS. 4LBpsi 668 F5
4°

«)
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9-35. The square steel plate has a thickness of 10 mm and 50 N/m
is subjected to the edge loading shown. Determine the J' J' J' J' l l
maximum in-plane shear stress and the average normal

stress developed in the steel.

o, = 5kPa o, = —5kPa Ty =0

200 mm 50 N/m
Oy~ 0y\2
Tﬂ—ap)ianc = (?) + T,zry
+5)\2
- <525>+0:5kPa Ans. TTTT71]
7U'Y+U'y75757 200 mm
Uavg_?_ > =0 Ans.
0= -337 . SRS
Note: 1
—(0x = 0y)/2 — 5 &R
tan2, = ———
Ty [ sxm
—-(5+5)/2
tan 260, = u =

00
0 / \{5 #Pa
0, = 45° \ ::50‘

*#9-36. The square steel plate has a thickness of 0.5 in. and 16 Ib/in.
is subjected to the edge loading shown. Determine the
principal stresses developed in the steel.

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

oyt oy Oy — 0y\2 )
g1 = + + Txy

2

=0+ VO + 322

oy = 32 psi Ans.
oy = —32 psi Ans. e psi
Note: l J
Txy 32
20 = ==
tan 9[, (o, = Uy)/z 0
0, = 45°
. i
& =45 3eps
451
32 psi
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Section Properties:

o

4

Normal Stress:

In - Plane Principal Stress: o, =

Support Reactions: As shown on FBD(a).

4
_T :Eé _
A d 1 4<2>

Shear Stress: Since Q4 = 0,74 =0

wd®\ d

wd

oy=0,=0

[

T max = _
in-l"ﬂane - 2

Internal Forces and Moment: As shown on FBD(b).

4 <2PL_F

#9-37. The shaft has a diameter d and is subjected to the
loadings shown. Determine the principal stress and the
maximum in-plane shear stress that is developed at point A.
The bearings only support vertical reactions.

oy = 0and 7,, = 0 for point A. Since no shear stress acts on the element,

4 (2PL
gL =0, = (T - F

Maximum In - Plane Shear Stress: Applying Eq. 9-7 for point A,

2
) +T§y

_2 (L)
Cowd?\ d

v

F_’i 2 jzl
| |
[ |

L L
2 ! 2
P
k. F
.%. L
* z
v=£
2 N=F
il
2
2

Ans.

Ans.

Ans.
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9-38. A paper tube is formed by rolling a paper strip in 30°
a spiral and then gluing the edges together as shown.
Determine the shear stress acting along the seam, which is

at 30° from the vertical, when the tube is subjected to an 10N 10N
axial force of 10 N. The paper is 1 mm thick and the tube has
an outer diameter of 30 mm.
P 10
=—=—"———-=109.76 kPa
7T AT (003 - 0.028?)
o, = 109.76 kPa o, =0 Ty =0 0 = 30°
oy~ 0y
Ty T T sin 260 + 7, cos 20
1 3 —
= —W sin 60° + 0 = —47.5 kPa Ans.

10976 Lpa

9-39. Solve Prob. 9-38 for the normal stress acting
perpendicular to the seam.

10N

P 10
=—=——>———+r = 109.76 kPa
A T(0.03% - 0.028%)
oyt oy oy~ 0y
0, =—F5— + ——5—c0820 + 7,,5sin 20

2 2

109.76 + 0~ 109.76 — 0

= > + 2 cos (60°) + 0 = 82.3 kPa Ans.
+02 76 ke fa
s\og
%!
Ra™
x
“‘
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#9-40. Determine the principal stresses acting at point A
of the supporting frame. Show the results on a properly
oriented element located at this point.

A 6 kN

SyA  0.065(0.13)(0.015) + 0.136(0.15)(0.012) 00991 08 m
SA 0.13(0.015) + 0.15(0.012) o Ned é 0

y =

V=4.8kn

1
=4 (0.015)(0.13%) + 0.015(0.13)(0.0991 — 0.065)>
M=5.2747 £rim

1
+ E(0,15)(0.0123) + 0.15(0.012)(0.136 — 0.0991)? = 7.4862(10"°) m*

04=0
A = 0.13(0.015) + 0.15(0.012) = 3.75(1073%) m?

Normal stress:

_P N M c
T AT
—3.6(10%)  5.2767(10°)(0.0991)
o4 = 30 e = —70.80 MPa
3.75(107°) 7.4862(107°)
Shear stress:
TpA = 0
Principal stress:
o =0 Ans.
oy = —70.8 MPa Ans.

—- b 70.0MA

1]
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*9-41. Determine the principal stress acting at point B,
which is located just on the web, below the horizontal
segment on the cross section. Show the results on a properly
oriented element located at this point. Although it is not very
accurate, use the shear formula to calculate the shear stress.

_ SyA  0.065(0.13)(0.015) + 0.136(0.15)(0.012)
YT saA T 0.13(0.015) + 0.15(0.012)

= 0.0991 m
1
=3 (0.015)(0.13%) + 0.015(0.13)(0.0991 — 0.065)>

1
+ 5(0.15)(0.0123) + 0.15(0.012)(0.136 — 0.0991)*> = 7.4862(10~ %) m*

A = 0.13(0.015) + 0.15(0.012) = 3.75(107%) m?
Normal stress:

P Mc
o=—+—

A 1

3.6(10°)  5.2767(10%)(0.130 — 0.0991)
op = =+ —~ = 20.834 MPa
3.75(107%) 7.4862(10°)

Shear stress:

VO —48(10%)(00369)(0.15)(0.012)
BT T 7.4862(10-%)(0.015) N

—2.84 MPa

Principal stress:

20.834 + 0 20.834 — 02
o120 = (72 ) + \/ (72 ) + (—2.84)°

oy = 21.2 MPa
o, = —0.380 MPa
—2.84
tan 26!’ - (20.834 - 1»)
2
0, = —7.63°
——H:li—au B34 Mba
— 284 MPa

O280MPa
-— “/‘ 763"
L,~" 7242 MPa

800 mm

A 6 kN
f‘.()yhn
150 mm
e B

Ned & 2

V=4.8kn
M=5.2747 £t

039380

Ans.

Ans.

Ans.
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9-42. The drill pipe has an outer diameter of 3 in., a wall 1500 1b
thickness of 0.25 in., and a weight of 50 Ib/ft. If it is

subjected to a torque and axial load as shown, determine l
(a) the principal stress and (b) the maximum in-plane shear 800 Ib-ft ’
stress at a point on its surface at section a.
20 ft
a@

20 ft
Internal Forces and Torque: As shown on FBD(a).

Section Properties:

PY) 2) = 2
A= (3 -25) = 068757 in
J=Z(15* - 1.25%) = 411721in’* ,
2 /Sools
Normal Stress: 800 lb-ft
N 2500 , Sot2a)3/0001b
T AT VesTse TS s
Shear Stress: Applying the torsion formula.
Te  800(12)(L5) i H=2500 I
=" = T = 3497
T 7 11172 3497.5 psi

(l': 7=800 Ibft

a) In - Plane Principal Stresses: o, = 0,0, = —1157.5 psi and 7, = 3497.5 psi for
any point on the shaft’s surface. Applying Eq. 9-5.

oyt oy Oy — Oy\2 )
T2 = ) + ) Ty

LI

0+ (~1157.5 0 — (~1157.5)\2
_9+ ) 4 \/< ( )) + (3497.5) 5 ki Fa
2 2 11575 psé

—578.75 £ 3545.08
o = 2966 psi = 2.97 ksi Ans.

oy = —4124 psi = —4.12 ksi Ans.

b) Maximum In - Plane Shear Stress: Applying Eq. 9-7

Oy~ 0y\2
Tin-ﬁ%’%e = (#) + 1y
0 — (-1157.5) \?
= \/ (%) + (3497.5)
= 3545 psi = 3.55 ksi Ans.
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9-43. Determine the principal stress in the beam at
point A.

150 kN
—

Using the method of sections and consider the FBD of the beam’s left cut segment,

Fig. a,

B IF, =0 150 - N =0 N =150 kN
+13F, =0 vV —60=0 V = 60kN
C+E=Mc = 0; 60(0.5) — M =0 M =30kN-m

A = 0.06(0.15) = 0.009 m?

I= %(0.06)(0.153) = 16.875(10 %) m*

Referring to Fig. b,
04 =y A" =0.05(0.05)(0.06) = 0.15(1073) m?
The normal stress developed is the combination of axial and bending stress. Thus

N M
TTATT

For point A, y = 0.075 — 0.05 = 0.025 m. Then

—150(10%)  30(10%)(0.025)
o= _
0.009 16.875(107%)

= —61.11(10% Pa = 61.11 MPa (c)

The shear stress developed is due to the transverse shear, Thus,

Vo, 60(10%)[0.15(107%)]
T I T 16.875(10°9) (0.06)

= 8.889 MPa

Here,o, = —61.11 MPa, o, = 0 and 7, = 8.889 MPa,

o, t oy oy — 0y\2 5
0'1’2* + +Txy

2 2
—61.11 + —61.11 — 0\?
_ =6 Oj:\/< 6 0> + 8.8897
2 2
= —30.56 + 31.82
o = 1.27 MPa o, = —62.4 MPa Ans.
Txy 8.889
tan 20, = & = —0.2909

(0y — 0,)/2  (~6L11 - 0)/2

0p = —8.11° and 81.89°
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9-43. Continued

Substitute § = —8.11°,

oy toy, o0y .
Ty = s + ?cos 20 + 7, sin 26

—6111+0 —6L11 -0
= 5 + 5 cos (~16.22°) + 8.889 sin (~16.22°)
= —624MPa = o,

Thus,
(0}7)1 = 81.9° (01))2 = —=8.11°

The state of principal stresses can be represented by the elements shown in Fig. (¢)

60 KN - 0-06m

A_y

:'3«’3%05/0

150kN X
o

8-869Mfa

6l 1/ Mfa

)
['R7 MPa.

819’

624-Mpa

@)
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*9-44. Determine the principal stress at point A which is
located at the bottom of the web. Show the results on an
element located at this point.

150 kN /m

Using the method of sections, consider the FBD of the bean’s left cut segment, Fig.a, | A

1
+13F, =0 V- 5(100)(0.6) =0 V =30kN

1 10 —— 10 mm
C+EMe = 0; 5 (100)(0.6)(02) =M =0 M = 6kN-m mmiElZOOmm

10 mm

1 1
-5 (0.15)(0.22%) — E(0.14)(0.23) = 39.7667(10"% m* 150 mm

Referring to Fig. b
04 =y A" =0.105 (0.01)(0.15) = 0.1575(1073) m?

The normal stress developed is due to bending only. For point A, y = 0.1 m. Then

M, 6(10%)(0.) S
o=—=—"—""—"—=1509(10°Pa = 15.09 MPa (c)
I 39.7667(107°)

The shear stress developed is due to the transverse shear. Thus,

Vv 30(10%)[0.1575(1073)
T= Yoa _ [ ] = 11.88(10°)Pa = 11.88 MPa
It 39.7667(107%)(0.01)

Here, o, = —15.09 MPa, o, = 0 And 7, = 11.88 MPa.

oyt oy Ty = 0y\2 )
g1, = 5 + 5 + Ty

-15.09 + 0 -15.09 — 0\?
= 5 :l:\/< 5 > + 11.88?

= —7.544 + 14.074
o = 6.53 MPa o, = —21.6 MPa Ans.

Txy 11.88

(0 — )2 (—1509 - 0)/2 ~L375

tan 20p =

0p = —28.79° and 61.21°

Substitute # = 61.21°,

oyt oy Oy~ 0y )
Oy =T + Tcos 20 + 7, sin 26

p— R + p— . —
= 15 029 0 + 15 029 0 cos 122.42° + 11.88 sin 122.42°

6.53 MPa = o,

Thus,

(0p); = 61.2°  (0p), = —28.8° Ans.

The state of principal stresses can be represented by the element shown in Fig. d.

0.3 m——-
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9-44. Continued

3 (100)(0.6)
e 100 Kk

- ' | )
T oy A
(a)
N A

A ?

0:105m

s (.88 MPer.

15.09MPa.

(c)

653 MPa,

elz’

216 MPa.
(4
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¢9-45. Determine the maximum in-plane shear stress in 10 kip
the box beam at point A. Show the results on an element 4 kip
located at this point.

Q
Using the method of section, consider the FBD, of bean’s left cut segment, Fig. a, ;
PZ t
+15F, =0 8—-10+V=0 V=2kip

C+=Mc = 0; M +10(1.5) — 8(3.5) =0 M = 13kip-ft

The moment of inertia of the cross - section about the neutral axis is

1 1 ‘
1= (6)(6%) — B (4)(4%) = 86.6667 in*

Referring to Fig. b,

04=0
The normal stress developed is contributed by the bending stress only. For point A,
y=C=3in.
My, 13(12)(3)
y
= = ———— =540ksi
T=T T seeeer 0RO

The shear stress is contributed by the transverse shear stress only. Thus

VO

It

The state of stress at point A can be represented by the element shown in Fig. ¢

Here,o, = =540 ksi,o, = 0 and 7, = 0.

Ty T Oy\? -5.40 — 0’
WBne = \/ (%) +ry? = \/ <f> +02=270ksi  Auns.

(0 = 0y)/2 _ (-540-0)2 _

Ty 2

tan 260, =

0

45° and —45°

Substitute 8 = 45°,

Ox = 0y |
Ty = s sin 20 + 7., cos 26

= —wsin 90° + 0

=270 ksi = "Wane

This indicates that 7;1,1,1_%’13[,3 acts toward the positive sense of y’ axis at the face of

element defined by 6, = 45°

[ _ +
T W0 ok

O"dvg = 2 2

The state of maximum In - plane shear stress can be represented by the element
shown in Fig. d.
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9-45. Continued

0kp  4kip

U

2

2z T 2t 1 2k |

8 kip bKip
10 kip

<I-5Jetk Vv

h 4

l 4
| 350

8kip (@)

5.40 ks
(c)

20K 70k

~ —T
r

1L TOKs¢

(@)
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9-46. Determine the principal stress in the box beam at 10 kip
point B. Show the results on an element located at this point. 4 kip

Using the method of sections, consider the FBD of bean’s left cut segment, Fig. a,

+1SF, =0, 8-10+V=0 V=2kip 5
C+3IMc=0; M +10(1.5) —83.5)=0 M = 13kip-ft Fth 15t 1 1 21t
1 1 4in. St
1= O)6) - 13 @) = 86,6667 in'* A HL3 .
sinf [ i
Referring to Fig. b, \m\

05 = 21 A1 + yAb = 2[1(2)(1)] + 2.5(1)(6) = 19 in?

The normal stress developed is contributed by the bending stress only. For point B,
y=0.

M
%y
1

o=

The shear stress is contributed by the transverse shear stress only. Thus

_VQp  2(10H)(19) .
T Th T seseer2) 20

T

The state of stress at point B can be represented by the element shown in Fig. ¢

Here,o, = 0y, = 0 and 7,, = 219.23 psi.

oyt oy Oy~ 0y\2 )
0'1’2: + +Txy

2 2
=0+ V0 + 219.23
oy = 219 psi o, = —219 psi Ans.
T 219.23
tan 260p = o = =

(o, —a)2 0
0p =45° and  —45°

Substitute 0 = 45°,

oy to, o,—0, .
Oy = + ?cos 260 + 7,,sin 260

=0+ 0 + 219.23 sin 90°

=219 psi = o

Thus,

(0p)y = 45° (0p), = —45° Ans.

The state of principal stress can be represented by the element shown in Fig. d.
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9-46. Continued

0kp  4kip

4y

10 kip
15f Vv

e U

Lo
<

219.23ps¢

()

2/7/’54. 219 ps;

@)
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9-47. The solid shaft is subjected to a torque, bending
moment, and shear force as shown. Determine the principal
stresses acting at point A.

ks

1,= Z(o.ozs)4 = 0.306796(10~%) m*

IX
J= %(0,025)4 = 0.613592(10 %) m*

04=0

M.c  60(0.025)

o= - = 4.889 MPa
AT T 0306796(10°°)
Tyc 45(0.025)
Ty= e = ) 1833 MPa
J0.613592(107°)

o, = 4.889 MPa o,=0 Ty = —1.833 MPa

oyt o, Oy~ 0y\2 )
01,2 = + -~ + Txy

2 2
4.889 + 4.889 — 0?2
_ 488940 \/( 889 0) s L83y
2 2
o, = 5.50 MPa Ans.

-y
—0.611 MPa Ans. —-’l H—ﬂ?ﬂm"-

(]

*9-48. Solve Prob. 9-47 for point B.

I=1,= %(0.025)4 = 0.306796(10°) m*

J= g(o.ozs)4 = 0.613592(107%) m*

_ . 40.025) (1 5 e s
Qp = yA' = ————| 5 )7 (0.025%) = 104167(10") m
op =
1% Tyc  800(10.4167)(10°° 45(0.025
rp =28 TrC_ 80K Y07 450025y h0 \py
It J 0.306796(107°)(0.05)  0.61359(10°)
o, =0 o, =0 T,y = —1.290 MPa
oyt oy Ty — Oy\2 )
g1 = 5 + ( 5 ) + Txy
— 2 _ 2
=0+ V(0)> + (—1.290)
oy = 1.29 MPa Ans.
o, = —1.29 MPa Ans.
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¢9-49. The internal loadings at a section of the beam are
shown. Determine the principal stress at point A. Also
compute the maximum in-plane shear stress at this point.

Section Properties: " 30kN'm

A =02(0.3) — 0.15(0.2) = 0.030 m*
800 kKN

1 1 -
I,= 5(0.2)(0.33) - 5(0.15)(0.23) =0.350(10%) m*
I, = % 0.1)(02%) + 11—2 (02)(0.05%) = 68.75(10°) m*

(QA),V =0

Normal Stress:

_N My Mz

TTAT L T,
~=500(10°)  40(10*)(0.15)  —30(10*)(0.1)
47770030 0350(1070) | 68.75(10°°)
= —77.45 MPa
Shear Stress: Since (Q4), = 0, T4 =0.

In - Plane Principal Stresses: o, = —77.45 MPa. o, = 0.and 7,, = 0 for point A.
Since no shear stress acts on the element.

o=0,=0 Ans.

o, =0, = —77.4MPa Ans.

Maximum In-Plane Shear Stress: Applying Eq. 9-7.

Oy~ 0y 2
Tin‘-'f)iz\(ne = (T) + T%y
—77.45 — 0?
= +
(FF=2) -0
= 38.7 MPa Ans.

_J:._mm
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9-50. The internal loadings at a section of the beam
consist of an axial force of 500 N, a shear force of 800 N,
and two moment components of 30 N-m and 40 N-m.
Determine the principal stress at point A. Also calculate the
maximum in-plane shear stress at this point.

I, = %(0.1)(0.2)3 = 66.67(10°) in*

0,4=0
30(0.1 N
0'A=£—%= >00 — ©O.1) = —20kPa 500
A I, (01)02)  66.67(10°°%
TA = 0
Here, the principal stresses are 30 Kfa
op=0,=0 Ans.
oy = o, = —20kPa Ans.
Ty — 0y\2
Tinf?)ig‘ne: (T) + Txyz
[/ _90 — 0\2
= (y) + 0 = 10 kPa Ans.
9-51. Solve Prob. 94 using Mohr’s circle. A [ 400 psi
— ~—— 650 psi
i
o, +o, _
x y _ =650 + 400 _ 125
2 2
A(—650, 0) B(400, 0) C(—125,0) B
R=CA= =650 — 125 = 525
oy = —125 — 525 cos 60° = —388 psi Ans.
Tyy = 525 sin 60° = 455 psi Ans.
° p—
A ¢ p—d%
—
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#9-52. Solve Prob. 9-6 using Mohr’s circle.
90 MPa

o, = 90 MPa o, = 50 MPa Ty = —35 MPa A(90, —35)

oty 90 +50
2 2

R = V(90 — 70)> + (35)> = 40.311

70

Coordinates of point B:
35
= 1= = ©
¢ = tan (20) 60.255

¥ = 300° — 180° — 60.255° = 59.745°

oy =70 — 40.311 cos 59.745° = 49.7 MPa Ans.

—40.311 sin 59.745° = —34.8 MPa Ans.

Ty

26-300°
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¢9-53. Solve Prob. 9-14 using Mohr’s circle. -~
30 ksi
—> 12ksi
gyt o 30 +
x y_=30+0 _ _15
2 2
R = V(30 — 15)> + (12)*> = 19.21 ksi
o; =1921 — 15 = 421 ksi Ans.
o, = —19.21 — 15 = —34.2 ksi Ans.
L 12 .
20p2 = tan lm; sz =19.3 Ans.
e = R = 192ksi Ans.
Oavg = —15ksi Ans.
2 = tan~! —2—— 4 90% 6, = 64.3° Ans
P2 (30 _ 15) 5 s . J
3
w 3
'
g o
3o
T
-
z
342 4si
"\4_,.
4.214s¢
194 sl A
San
wd s
1540
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9-54. Solve Prob. 9-16 using Mohr’s circle.

gyt 0y 45 — 60
_— = = 7.5 MP
) ) 7.5 a

R = V(45 + 7.5)> + (30)* = 60.467 MPa

o1 = 60.467 — 7.5 = 53.0 MPa

o5 = —60.467 — 7.5 = —68.0 MPa
30

20p; = tan ' ———

Op = tan 0575

0p = 14.9° counterclockwise
s = 60.5 MPa
Oavg = —7.50 MPa

30

—one — -1
20p; = 90 tan @ + 75

6, = 30.1° clockwise

f‘\ & d:
r
o

44.Aau

5

—+

[5

5
-
8
p-l
- Ploag

eromP.

S3.OMPa
4.9

-~

-

7.50 Mfe
05 MR

Sou*

Ans.

Ans.

Ans.
Ans.

Ans.

Ans.

350 psi

— v > 75psi

200 psi
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9-55. Solve Prob. 9-12 using Mohr’s circle. D —
o,toy, 10+ 0 . 10 ksi
2 = 2 = —5ksi
R = V(10 — 5)2 + (16)> = 16.763 ksi —> 16ksi
16
=tan~' ——— = 72.646°
¢=tan s
a =100 — 72.646 = 27.354°
oy = =5 —16.763 cos 27.354° = —19.9 ksi Ans. K i 2’
Tyy = 16.763 sin 27.354° = 7.70 ksi Ans. 10 \ASB'_K
/ 00"
le
L s
¢ «
"

oy = 16.763 cos 27.354° — 5 = 9.89 ksi

tA
*#9-56. Solve Prob. 9-11 using Mohr’s circle. 2 ksi
Construction of the Circle: In accordance with the sign convention, o, = —3 ksi,
o, = 2ksi,and 7, = —4 ksi. Hence, A
octoy, 342 . — :
Tag =5 =5 = ~0.500ksi ] : 3ksi
30 4ksi
e ——
B

The coordinates for reference point A and C are

A(=3,-4)  C(~0.500,0)

The radius of circle is

R = V(3 - 05)*+ 4 = 4717 ksi

Stress on the Inclined Plane: The normal and shear stress components
o and 7, ) are represented by the coordinates of point P on the circle.

o,y = —0.500 — 4.717 cos 62.01° = —2.71 ksi

= 4.717 sin 62.01° = 4.17 ksi

=

Tx'y

-

Tosiy
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9-57. Mohr’s circle for the state of stress in Fig. 9-15a is
shown in Fig. 9-15b. Show that finding the coordinates of
point P(o, 7,,) on the circle gives the same value as the
stress-transformation Eqs. 9-1 and 9-2.

o, + oy
A0 Txy) B(Uys _Txy) C<<T>v O>

oyt oy\? ) Ty = Oy\2 )
PN Y Sy N ey

oyt oy Oy — Oy\2 )
o, = 5 + < ) ) + 7%, cos 6’ (0)]
0" = 20p — 20
cos (20p — 20) = cos 20pcos 20 + sin 26, sin 20 2)
From the circle:
o, + (rv

oo — )

cos 20p = % (3)
v ( 2 V)z + T

. Txy
sin 20p = @

v ( 2 y)z + 7
Substitute Eq. (2), (3) and into Eq. (1)

oy toy, oy—0

S + %cos 20 + 7,y sin 20 QED

Oy~ 0y\2
oy = (T) £ sing ®)
sin 6’ = sin (26, — 26)
= sin 20p cos 26 — sin 26 cos 26p 6)
Substitute Eq. (3), (4), (6) into Eq. (5),

g, — 0

Toy = —% $in 20 + 7, cos 20 QED
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9-58. Determine the equivalent state of stress if an element ~
is oriented 25° counterclockwise from the element shown.

550 MPa
Al0,-5%0)
G Ty)
A(0, —550) B(0, 550) C(0,0) £4
c(0,0)
R =CA =CB =550 F(HA)
o = —5505sin 50° = —421 MPa Ans. (59‘ -,\;,,,/
Tyy = —550 cos 50° = —354 MPa Ans. Bco,s50)
oy = 550sin 50° = 421 MPa Ans. i
421 MPs
25"
264 HPa
421 MPs
9-59. Determine the equivalent state of stress if an 2 ksi
element is oriented 20° clockwise from the element shown.
)
Construction of the Circle: In accordance with the sign convention, o, = 3 ksi,
oy = —2ksi,and 7, = —4 ksi. Hence, 3 ksi

o, + oy 3+ (72) .
Tavg = 2 = > = 0.500 ksi

A, 4ksi

The coordinates for reference points A and C are
A3, —4) C(0.500, 0)

The radius of the circle is

R = V(3 — 0.500)* + 4> = 4717 ksi

Stress on the Rotated Element: The normal and shear stress components
(o-xr and 7 ) are represented by the coordinate of point P on the circle, o, can be
determined by calculating the coordinates of point Q on the circle.

o = 0.500 + 4.717cos 17.99° = 4.99 ksi Ans. Tikse)
Tyy = —4.717sin17.99° = —1.46 ksi Ans. P
oy = 0.500 — 4717 cos 17.99° = —3.99 ksi Ans.
20"
Fig 19
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#9-60. Determine the equivalent state of stress if an 9 ksi
element is oriented 30° clockwise from the element shown.
Show the result on the element.

— I > 4ksi

In accordance to the established sign convention, o, = —6ksi, o, = 9ksi and
Tyy = 4 ksi. Thus, 6 ksi
ortoy, 649
y .
Tavg = T = ) = 1.50 ksi -—

Then, the coordinates of reference point A and C are
A(—6,4) C(1.5,0)
The radius of the circle is
R=CA=\V(-6- 157+ 4 =850ksi
Using these results, the circle shown in Fig. a can be constructed.

Referring to the geometry of the circle, Fig. a,

4
a = tan~! <6 n 15) = 28.07° B = 60° — 28.07° = 31.93°

Then,
oy =15 —850c0s31.93° = —5.71 ksi Ans.
Tyy = —8.55sin 31.95° = —4.50 ksi
oy = 871 ksi Ans.

The results are shown in Fig. b.

871 ks¢

b(ksi)

Fsokse 571 Kst
)
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¢9-61. Determine the equivalent state of stress for an 250 MPa
element oriented 60° counterclockwise from the element
shown. Show the result on the element.

400 MPa

In accordance to the established sign convention, o, = =560 MPa, o, = 250 MPa
and 7,, = —400 MPa. Thus, 560 MPa
ox T Oy —560 + 250
Tavg = . ) > = > = —155 MPa I B

Then, the coordinate of reference points A and C are
A(—560, —400) C(-155,0)

The radius of the circle is

R=CA= \/[—560 — (~155)* + (—400)? = 569.23 MPa
Using these results, the circle shown in Fig. a can be constructed.

Referring to the geometry of the circle, Fig. a

= tan"! <¢) =44.64° B =120° — 44.64° = 75.36°

560 — 155
Then,
o,y = —155 — 569.23 cos 75.36° = —299 MPa Ans.
Tyy = 569.23 sin 75.36° = 551 MPa Ans.
o, = —155 + 569.23 cos 75.36° = —11.1 MPa Ans.

The results are shown in Fig. b.

299 MPa.
({1 MPax 501 it 0’

J(MPa)

(b)
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9-62. Determine the equivalent state of stress for an 5 ksi
element oriented 30° clockwise from the element shown.
Show the result on the element.

In accordance to the established sign convention, o, = 2ksi, o, = —Sksi and
Tey = 0. Thus, -— —— 2 ksi

_ BT 25 sy
OTavg = 5 = > = —1.50 ksi [

Then, the coordinate of reference points A and C are
A(2,0) C(-1.5,0)
The radius of the circle is
R=CA=V[2— (15 + 0> = 350 ksi
Using these results, the circle shown in Fig. a can be constructed.

Referring to the geometry of the circle, Fig. a,

B = 60°

Then,
oy = —1.50 + 3.50 cos 60° — 0.250 ksi Ans.
Tyy = 3.50 sin 60° = 3.03 ksi Ans.
oy = —3.25ksi Ans.

The results are shown in Fig b.

Ty 3,25 Ks¢

3.03 k51

0.250 Kéi

1 b)
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9-63. Determine the principal stress, the maximum in-plane
shear stress, and average normal stress. Specify the orientation
of the element in each case.

Construction of the Circle: In accordance with the sign convention, o, = 15 ksi, )5
o, = 0and 7,, = =5 ksi. Hence, R0
<6, A
oxtoy 1540
Cpg =y =, = 150ksi Ans. 5
A\ - 5 — 00

The coordinates for reference point A and C are \ R

A(15, -5) C(7.50,0) =

’2’(4::;') '
The radius of the circle is |21 ksi

R =15 — 750> + 5 = 9.014 ksi g

165 ks
a)
In - Plane Principal Stress: The coordinates of points B and D represent o and 750 ks¢ —
o, respectively. 282"
oy = 7.50 + 9.014 = 16.5 ksi Ans. Yarksi
oy = 7.50 — 9.014 = —1.51 ksi Ans.

Orientation of Principal Plane: From the circle

tan 20p1 = ﬁ = 0.6667

0p; = 16.8° (Clockwise) Ans.
b)

Maximum In - Plane Shear Stress: Represented by the coordinates of point £ on
the circle.

s = —R = —9.01 ksi Ans.

Orientation of the Plane for Maximum In - Plane Shear Stress: From the circle

tan 20, = 15;775() = 1.500

0, = 28.2° (Counterclockwise) Ans.
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#9—64. Determine the principal stress, the maximum 20 MPa
in-plane shear stress, and average normal stress. Specify the

orientation of the element in each case. — L > goMPa

30 MPa

In accordance to the established sign convention, o, = 30 MPa, o, = —20 MPa and
Tyy = 80 MPa. Thus,

ox T oy 30+ (—20)
Tavg = 2 = 2 = 5MPa

Then, the coordinates of reference point A and the center C of the circle is
A(30, 80) C(5,0)

Thus, the radius of circle is given by

R=CA=V(30 - 572 + (80 — 0)> = 83.815 MPa
Using these results, the circle shown in Fig. a, can be constructed.

The coordinates of points B and D represent 0| and o, respectively. Thus
oy =5+ 83.815 = 88.8 MPa Ans.

o, =5 — 83.815 = —78.8 MPa Ans.

Referring to the geometry of the circle, Fig. a

80
tan 2(6p); = ﬁ =3.20

0p = 36.3° (Counterclockwise) Ans.

The state of maximum in - plane shear stress is represented by the coordinate of
point E. Thus

"m0 = R = 83.8 MPa Auns.

From the geometry of the circle, Fig. a,

30-5

= 0.3125
80

tan 260, =

0, = 8.68° (Clockwise) Ans.

The state of maximum in - plane shear stress is represented by the element in Fig. ¢
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9-64. Continued

5l

i < 8 ((MPa)
2 a0

e
TMb)
()

88.8Mfa,
363

(b)
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¢9-65. Determine the principal stress, the maximum in- —> 120psi
plane shear stress, and average normal stress. Specify the

orientation of the element in each case.
300 psi

A(300,120)  B(0,-120)  C(150,0)
R = V(300 — 150)% + 120° = 192.094

150 + 192.094 = 342 psi Ans.

g1

oy = 150 — 192004 = —42.1 psi Ans. o
120 0z, \/ RCITAVL] ,
=—=0. Fipst)
tan 26p 300 — 150 0.8 \\_%/
0p, = 19.3°  Counterclockwise Ans. At30s, 120)

Cise, Tous )
Oavg = 150 psi Ans. Yersi Ee
Tt = 192 psi Ans.
00 — 1 £2 pse 150 p5L
tan 2, = 20— 150 _ 5 e _
120 342 psi 192 pas
= ° 57"
6, = —25.7 Ans. - 1Sopsi
9-66. Determine the principal stress, the maximum in-plane 30 MPa
shear stress, and average normal stress. Specify the orientation
of the element in each case. B —
A(45, —50) B(30, 50) C(37.5,0) 45 MPa
R=CA=CB= V75 + 50 =5056
——> 50MPa
a)
o1 = 37.5 + 50.56 = 88.1 MPa Ans.
o, =375 — 50.56 = —13.1 MPa Ans.

50
n20p = o 20p = 8147 0p = —407°

b)
ame = R = 50.6 MPa Ans.
Tayvg = 37.5MPa Ans. i deet
20, = 90 — 20
0, = 4.27° Ans. #
IMM
g mpa
6 mpe
S75M7
27
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9-67. Determine the principal stress, the maximum in-plane 200 MPa
shear stress, and average normal stress. Specify the orientation
of the element in each case.

— Vv > 500MPa

350 MPa

Construction of the Circle: In accordance with the sign convention, o, = 350 MPa,
o, = —200 MPa, and 7,, = 500 MPa. Hence, 750
oy T oy 350 + (—200)
Cayg = > = 2 = 75.0 MPa Ans.
- — g0A)
The coordinates for reference point A and C are 24 50
L
A(350,500)  C(75.0,0) MRz

The radius of the circle is

bt MPa,
R = V(350 — 75.0)> + 500° = 570.64 MPa "

a)
.. . . 750 MPa
In - Plane Principal Stresses: The coordinate of points B and D represent o and o,
respectively. 53 *::
o = 75.0 + 570.64 = 646 MPa Ans. s

o, = 75.0 — 570.64 = —496 MPa Ans.

Orientaion of Principal Plane: From the circle

500
tan20p; = -~ = 1.82
an20r = 350~ 750
0py = 30.6° (Counterclockwise) Ans.

b)

Maximum In - Plane Shear Stress: Represented by the coordinates of point £ on
the circle.

"alse = R =571 MPa Ans.

Orientation of the Plane for Maximum In - Plane Shear Stress: From the circle

350 — 75.0
tan 295 = T = 0.55
0, = 14.4° (Clockwise) Ans.
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*9-68. Draw Mohr’s circle that describes each of the 700 psi 4 ksi
following states of stress. I I
40 MPa <—
600 psi
| l
(a) (b) (c)

a) Here, o, = 600 psi, o, = 700 psi and 7, = 0. Thus,

_ ot oy 600 + 700
O-avg - 2 - 2

= 650 psi

Thus, the coordinate of reference point A and center of circle are
A(600, 0) C(650, 0)
Then the radius of the circle is
R =CA = 650 — 600 = 50 psi
The Mohr’s circle represents this state of stress is shown in Fig. a.
b) Here,o, = 0,0, = 4 ksiand 7, = 0.Thus,

o, t oy 0+ 4 )
Uavg:T= > = 2 ksi

Thus, the coordinate of reference point A and center of circle are
A(0,0) C(2,0)
Then the radius of the circle is
R=CA=2-0=2psi

c) Here,o, = o, = 0 and 7,, = —40 MPa. Thus,

oyt oy

=0

Tavg = T
Thus, the coordinate of reference point A and the center of circle are
A(0, —40) C(0,0)

Then, the radius of the circle is

R = CA = 40 MPa

The Mohr’s circle represents this state of stress shown in Fig. ¢
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9-68. Continued

650
L 600

O (¢psi)
A C
E=50

Tpsi)
(&)

( 0¢ks))

40 -R-40

Tmea)
(¢c)
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9-69. The frame supports the distributed loading of 200 N/m
200 N/m. Determine the normal and shear stresses at point l l l l l l l l
D that act perpendicular and parallel, respectively, to the B —
grain. The grain at this point makes an angle of 30° with the 1@ 30‘@ oy © 7[200 mm
horizontal as shown. L—l . D Lsm C‘ ‘ ‘
100 mm
4m
. E 60°

Support Reactions: As shown on FBD(a). %7 b

T» k130 mm = 30 mm
Internal Forces and Moment: As shown on FBD(b). 15m 4 L

‘ V) 100 mm
Section Properties: 1+ @A

_ 1 3) — —6) 4
1= (0)(0.2°) = 66.667(10°°) m
2200:5) 3500 N
0p = y' A’ = 0.0625(0.075)(0.1) = 0.46875(107) m?
Normal Stress: Applying the flexure formula. pzgm +25m
250N L80m
@)

My 150(—0.025)
op = = = 56.25 kPa
1 66.667(107°)

-2 Vi5004

Shear Stress: Applying the shear formula. )
MziSou-m

Vo, 50.0[0.46875(107%)]
Tp = =——————————==13516kPa
It 66.667(107°)(0.1) 250N )

Construction of the Circle: In accordance to the established sign convention,

o, =5625kPa,o, = 0and 7,, = —3.516 kPa. Hence. 5 ] elm
+ Jrookasm] oim
Ox T Oy 5625+ 0 i
Tavg = — 5 > = S = 28125kPa s
The coordinates for reference point A and C are I l Ll_fél«f Kfa
A(56.25,-3.516)  (C(28.125,0) — 354 kh,

2.3
The radius of the circle is :” _ge-ei
R = V(5625 — 28.125)? + 3.516* = 28.3439 kPa

Stresses on The Rotated Element: The normal and shear stress components
((rx/ and Txryr) are represented by the coordinates of point P on the circle. Here,
0 = 60°.

o = 28125 — 28.3439 cos 52.875° = 11.0 kPa Ans.

Tyy = —28.3439 sin 52.875° = —22.6 kPa Ans.
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9-70. The frame supports the distributed loading of 200 N/m
200 N/m. Determine the normal and shear stresses at point l l l l l l l l ;
©

E that act perpendicular and parallel, respectively, to the B
grain. The grain at this point makes an angle of 60° with the
horizontal as shown.

©)
-

30% 175 mm | © 200 mm

-1 mqilj m—c»‘ & L»‘

100 mm

S==

60°
Support Reactions: As shown on FBD(a). &

[s5]
e

i+
| 30 mm @) 50 mm

JRT
Internal Forces and Moment: As shown on FBD(b). 1.5m

\ 100 mm
Section Properties: x 104

A = 0.1(0.05) = 5.00(107%) m?
Normal Stress: 2002:5)2500 N

N -250
=S oY 500k
TE T A T 5001073 a

Construction of the Circle: In accordance with the sign convention. o, = 0, 250N ai i
oy, = —50.0 kPa,and 7, = 0. Hence.

oy to 0+ (—50.0
Tavg = ) - = (2 ) = —25.0kPa =250 A

The coordinates for reference points A and C are
A(0,0) C(—25.0,0)
The radius of circle is R = 25.0 — 0 = 25.0 kPa
Stress on the Rotated Element: The normal and shear stress components _J_SO'G Efia

(a'xr and Txry/) are represented by coordinates of point P on the circle. Here,
6 = 150°.

o, = —25.0 + 25.0 cos 60° = —12.5 kPa Ans. I

Tyy = 25.0sin 60° = 21.7 kPa Ans.
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9-71. The stair tread of the escalator is supported on two
of its sides by the moving pin at A and the roller at B. If a
man having a weight of 300 Ib stands in the center of the
tread, determine the principal stresses developed in the
supporting truck on the cross section at point C. The stairs
move at constant velocity.

Support Reactions: As shown on FBD (a).
Internal Forces and Moment: As shown on FBD (b).

Section Properties:

A =2(0.5) = 1.00 in’

1 3 .4
I =25 (05)(2°) = 03333 in

Qp=y'A" = 05(1)(0.5) = 0250 in?

Normal Stress: Negrabil
Mg 7548 [bin
_N n ﬂ V279.25 /b
AT ®) on.
—137.26 ~ 475.48(0) 60"
= = —137.2 i
7€ 100 0.3333 3726 psi 15649 1b
i 26 Psi
|4 ;
Shear Stress: Applying the shear formula 7 = vo 1g:81 5+

It l
= 118.87 psi ‘—T_

Construction of the Circle: In accordance with the sign convention, o, = 0, 68 6%
o, = —137.26 psi,and 7., = 118.87 psi. Hence,

_oxt oy 0+ (-13726) 68,63 si /"\ }
Oavg = 5 = 5 = .03 psi - C B sy
2, / ug8]
The coordinates for reference points A and C are ; —

A(0,118.87)  C(—68.63,0)

~ 79.25(0.250)
¢ T 70.3333(0.5)

The radius of the circle is

R = \V/(68.63 — 0)> + 118.87> = 137.26 psi

In - Plane Principal Stress: The coordinates of point B and D represent oy and o,
respectively.

= —68.63 + 137.26 = 68.6 psi Ans.

N
[

oy = —68.63 — 137.26 = —206 psi Ans.
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*#9-72. The thin-walled pipe has an inner diameter of / /[
0.5 in. and a thickness of 0.025 in. If it is subjected to an 200 1b 200 1b
internal pressure of 500 psi and the axial tension and \
torsional loadings shown, determine the principal stress at a
point on the surface of the pipe. 201b-ft 201b-ft
Section Properties: 500 xa
A = 7(02752 = 025%) = 0.0131257 in® ~_{_ o
350 kad
- 4 _ 4) — —3) ;4 23.18 ks
J = (0275 - 025%) = 2.84768(10°) in 5 54 é

-q'noo
Normal Stress: Since % = % = 10, thin wall analysis is valid. A =
. / 3}2 ™ e
A8y, ;
N pr 200 500(0.25) . T oKk
= — 4+ — = + = /. ¢ &
Tone = 4t 5 T 0013125 | 20.025) o0k 4 KJ

pro 500(0.25) ,
P22 500k rd ens
‘ 0025 >00ksi Teasis

Ohoop =

Shear Stress: Applying the torsion formula,

_ Te _ 20(12)(0275)

- = 23.18 ksi
7 2.84768(107%) .

Construction of the Circle: In accordance with the sign convention o, = 7.350 ksi,
o, = 5.00 ksi,and 7, = —23.18 ksi. Hence,

ot oy 7350 + 5.00
2 2

= 6.175 ksi

Tavg =

The coordinates for reference points A and C are

A(7350,-23.18)  C(6.175,0)

The radius of the circle is

R = V(7350 — 6.175)% + 23.18* = 23.2065 ksi

In - Plane Principal Stress: The coordinates of point B and D represent oy and o,
respectively.

o = 6.175 + 23.2065 = 29.4 ksi Ans.

o, = 6.175 — 232065 = —17.0 ksi Ans.
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¢9-73. The cantilevered rectangular bar is subjected to the
force of 5 kip. Determine the principal stress at point A.

Internal Forces and Moment: As shown on FBD. Veiokp
=40 kigy
. . . ]
Section Properties: HedS. og; ‘ s ﬁ]p =
IS
A =3(6) = 180 in’ 4
1= L(3)(63) =54.0in* L
12 ’
-t 19,
by 3 b kgin
Q4 =y' A" =225(1.5)3) = 10.125 in e
Normal Stress:
—

v 4
= — 4 — 473 kS
TTAT

_ 400 45.0(1.5)
"~ 180 54.0

= 1.4722 ksi

TA

Vv
Shear Stress: Applying the shear formula 7 = TtQ

~3.00(10.125)

- = 0.1875 ksi
AT TT54003) st

Construction of the Circle: In accordance with the sign convention, o, = 1.4722 ksi,
o, = 0,and 7, = —0.1875 ksi. Hence,

_Ox Oy 147240
Uavg - 2 - 2

= 0.7361 ksi

The coordinates for reference points A and C are

A(14722, -0.1875)  C(0.7361,0)

The radius of the circle is

R = V(14722 — 0.7361)2 + 0.1875% = 0.7596 ksi

In - Plane Principal Stress: The coordinates of point B and D represent oy and o,
respectively.

oy = 0.7361 + 0.7596 = 1.50 ksi Ans.

o, = 0.7361 — 0.7596 = —0.0235 ksi Ans.
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9-74. Solve Prob. 9-73 for the principal stress at point B.

Internal Forces and Moment: As shown on FBD.

= 'ﬁm
. . s
. ~
Section Properties: Med50 Kipin = 2 T

5K
A = 3(6) = 18.0in? P
I= i(3)(63) = 54.0in* sin,
12 ’ =
Ll Jin.
= Vv A = = in3 e in. i
Op=y'A"=22)3) =120in jegin] -:‘;r:
Normal Stress:
N My
= + —= —
T a 1 _+ {_
0-biit ks¢
4.00 45.0(1) . — 0.2z ksi
78 = 130 S0 0.6111 ksi
. Vv
Shear Stress: Applying the shear formula 7 = T o611l
A g-o.)n;a
3.00(12.0 %
T = 30012.0) = 0.2222 ksi 22 E
54.0(3) - = 5 Cksi)

Construction of the Circlee In accordance with the sign convention,
o, = —0.6111ksi,o, = 0,and 7,, = —0.2222 ksi. Hence.

ot oy, 06111 + 0 Tees)
Tayg = — 5 Y = 5 = —0.3055 ksi

The coordinates for reference points A and C are

A(-0.6111, —0.2222)  C(—0.3055, 0)

The radius of the circle is

R = V(06111 — 0.3055)2 + 0.22222 = 0.3778 ksi

In - Plane Principal Stress: The coordinates of point B and D represent oy and o,
respectively.

oy = —0.3055 + 0.3778 = 0.0723 ksi Ans.

o, = —0.3055 — 0.3778 = —0.683 ksi Ans.
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9-75. The 2-in.-diameter drive shaft AB on the helicopter
is subjected to an axial tension of 10 000 1b and a torque
of 3001b-ft. Determine the principal stress and the
maximum in-plane shear stress that act at a point on the
surface of the shaft.

P 1
o= L 1000 _ 5 gs ki
A w(l)
Te  300(12)(1
p o Lo 300DW) ) g i
J 5 (1)
oyt oy, Ox = 0Oy
T2 =, F ( 2 STy
183 + 183 —
_ 318340 \/(3 8 =0p 4 202y
2 2
oy = 438 ksi
oy = —120ksi
Oy — 0y
N e AR
- \/ (WY + (2292
= 279 ksi

,,
i
=
e

T

Ans.

Ans.

Ans.
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*#9-76. The pedal crank for a bicycle has the cross section
shown. If it is fixed to the gear at B and does not rotate
while subjected to a force of 75 Ib, determine the principal
stress in the material on the cross section at point C.

Internal Forces and Moment: As shown on FBD

Section Properties: 5k

1 .
I= 5(0.3)(0.83) = 0.0128in’ o YM:300 loin

Oc = y'A’ = 0.3(0.2)(0.3) = 0.0180 in® Wl R

Normal Stress: Applying the flexure formula.

My __230002) o785 ni = 4.6875 ksi
I~ o018 vopSER St

Oc =

Shear Stress: Applying the shear formula. oS

VOe  750(00180) o , —H e
TC= T 0.0128(03) = 351.6 psi = 0.3516 ksi

Construction of the Circle: In accordance with the sign convention, o, = 4.6875 ksi,
o, = 0,and 7,, = 0.3516 ksi. Hence,

ot oy 4687540
Uavg - 2 - 2

= 2.34375 ksi

The coordinates for reference points A and C are

A(4.6875,03516)  C(2.34375,0)

The radius of the circle is

R = \V/(4.6875 — 2.34375)2 + 0.35162 = 2.3670 ksi

In - Plane Principal Stress: The coordinates of point B and D represent oy and o,
respectively.

oy = 234375 + 2.3670 = 4.71 ksi Ans.

o, = 2.34375 — 2.3670 = —0.0262 ksi Ans.
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¢9-77. A spherical pressure vessel has an inner radius of
5 ft and a wall thickness of 0.5 in. Draw Mohr’s circle for the
state of stress at a point on the vessel and explain the
significance of the result. The vessel is subjected to an
internal pressure of 80 psi.

Normal Stress:

pr 80(5)(12) .
=0y = 2L TR g0k
T2 T T T05) St

Mohr’s circle:

A(4.80,0)  B(4.80,0)  C(4.80,0)

Regardless of the orientation of the element, the shear stress is zero and the state of
stress is represented by the same two normal stress components.

FBoOKS;

& Sk,

> | 1 A8 C(#80) T

9-78. The cylindrical pressure vessel has an inner radius
of 1.25 m and a wall thickness of 15 mm. It is made from
steel plates that are welded along the 45° seam. Determine
the normal and shear stress components along this seam if
the vessel is subjected to an internal pressure of 8 MPa.

_pr_ 8(1.25) 133.33 MP lf“ 67 4P
7T 9 T 0015 UM ¥
] ‘;,'—" K32 M Py

o, = 20, = 666.67 MPa
A(333.33,0) B(666.67, 0) C(500, 0)

~333.33 + 666.67

o 2 = 500 MPa Ans.
Tyy = R = 666.67 — 500 = 167 MPa Ans.
TimMm)
rasse)\ 99 Bsiss1g
Temm) (05, Tay')
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¢9-79. Determine the normal and shear stresses at point 10 kN

D that act perpendicular and parallel, respectively, to the

grains. The grains at this point make an angle of 30° with

the horizontal as shown. Point D is located just to the left of 3

the 10-kN force. D B
1100 mmp—=1 30° © {

@‘Elm‘-l-—lmij 2m
DD lSOO mm cle 7‘
100 mm § v

-

100 mm

Using the method of section and consider the FBD of the left cut segment, Fig. a /0 kN
+1SF, =0, 5-V=0 V =5kN

C+3SMc=0; M-51)=0 M=5kN-m

The moment of inertia of the rectangular cross - section about the neutral axis is

1
I=4 (0.1)(0.3%) = 0.225(1073) m*

Referring to Fig. b, Y 4% } v

Qp = y'A" = 01(0.1)(0.1) = 0.001 m* 5kl PR

The normal stress developed is contributed by bending stress only. For point D,
y = 0.05 m.Then I

_ My 5(10%(0.05) C )
= T amsgio s~ M MPa (D) Iy

The shear stress is contributed by the transverse shear stress only. Thus, m V

VO, 5(10°)(0.001)
ST 02501000 | PR MPa 5I</\’

The state of stress at point D can be represented by the element shown in Fig. ¢

@)

In accordance to the established sign convention, o, = 1.111 MPa, o, = 0 and
Tyy = —0.2222 MPa, Thus.

ot oy 111140

Cag=— 5 =5 = 05556 MPa

Then, the coordinate of reference point A and the center C of the circle are

A(L111, -02222)  C(0.5556,0)

Thus, the radius of the circle is given by

R = V(1111 — 0.5556)2 + (—0.2222)*> = 0.5984 MPa
Using these results, the circle shown in Fig. d can be constructed.

Referring to the geometry of the circle, Fig. d,

a=tan"! <%) —21.80° B =180° — (120° — 21.80°) = 81.80°
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9-79. Continued

Then
oo = 0.5556 — 0.5984 cos 81.80° = 0.4702 MPa = 470 kPa Ans.
Tyy = 0.5984 sin 81.80° = 0.5922 MPa = 592 kPa Ans.

/111 Mfa
c)

0.2222MPA,
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*9-80. Determine the principal stress at point D, which is 10kN
located just to the left of the 10-kN force. l

B

@4100mm17D‘{30° 9 {
@‘«— 1m‘-l-—1m

DD 7[300 mm cle —‘
100 mm § v

-

100 mm

Using the method of section and consider the FBD of the left cut segment, Fig. a, /o kN
+T2Fy=0; 5-V=0 V =5kN

C+SMe=0; M-51)=0 M=5kN-m

1
=3 (0.1)(0.3%) = 0.225(1073) m*

Referring to Fig. b,

Op = y' A" = 0.1(0.1)(0.1) = 0.001 m? N a% }m/
The normal stress developed is contributed by bending stress only. For point D, 5 kl\’ 5 kfd
y =0.05m

My  5(10%(0.05)

= 2 ) 111 MPa (T I
77T T 02251079 a(T) M

C )
The shear stress is contributed by the transverse shear stress only. Thus, *

VO, 510%)(0.001) V
ST T omso o) | M Mpa m

The state of stress at point D can be represented by the element shown in Fig. c. 5 k’d C a )

In accordance to the established sign convention, o, = 1.111 MPa, o, = 0, and
Tyy = —0.2222 MPa. Thus,

gt oy 111140
Oy =~ = = 05556 MPa

Then, the coordinate of reference point A and center C of the circle are

A(L111, -02222)  C(0.5556,0)

Thus, the radius of the circle is

R =CA = V/(L111 — 0.5556)> + (—0.2222)* = 0.5984 MPa
Using these results, the circle shown in Fig. d.

In-Plane Principal Stresses. The coordinates of points B and D represent oy and o,
respectively. Thus,

oy = 0.5556 + 0.5984 = 1.15 MPa Ans.

o, = 0.5556 — 0.5984 = —0.0428 MPa Ans.
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9-80. Continued

Referring to the geometry of the circle, Fig. d,

0.2222
2 =— =04
tan 20p)1 = 1977 — 05556~ °
(8p)1 = 10.9° (Clockuwise) Ans.

The state of principal stresses is represented by the element show in Fig. e.

1-956 MPa

32.39 Mfa

©)

»

f cl @ Tozz22
— 7 (MPa)
..'D/\ 8

@
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¢9-81. Determine the principal stress at point A on the
cross section of the hanger at section a-a. Specify the
orientation of this state of stress and indicate the result on
an element at the point.

<

Internal Loadings: Considering the equilibrium of the free - body diagram of the

hanger’s left cut segment, Fig. a, 25 mm
H3F, =0 - N = = “Afl
2F, =0 900 — N =0 N = 900N 100 mm
+13F, =0 V =900 =0 V = 900N
b
C+=Mp = 0; 900(1) — 900(025) =M =0 M =675N'm Smm -~ T
50 mm 5 mm
Section Properties: The cross - sectional area and the moment of inertia about the
centroidal axis of the hanger’s cross section are Sections a —a
and b-b
A = 0.05(0.1) — 0.04(0.09) = 1.4(107%)m?
_ 1 5y _ 1 5 _ - - 0lsm
I =35 (005)(0.%) = - (0.04)(0.09°) = 1.7367(10°)m Qoon

vV

Referring to Fig. b,
Q4 = 2y1 A} + ybAs = 2[0.0375(0.025)(0.005)] + 0.0475(0.005)(0.04)
= 18.875(10°%) m?

Normal and Shear Stress: The normal stress is a combination of axial and bending QOON

stresses. Thus, Ca )
N My, 900 675(0.025)
=— = + = 9.074 MP.
AT 14(107%)  1.7367(10°9) !

The shear stress is caused by the transverse shear stress.
Vo, 900[18.875(10°°)]
It 17367(10)(0.01)

= 0.9782 MPa

TA

The state of stress at point A is represented by the element shown in Fig. c.

Construction of the Circle: o, = 9.074 MPa, o, = 0,and 7, = 0.9782 MPa. Thus,

Ox T Oy 9074 + 0

= 4537 MP
2 2 a

Tavg =

The coordinates of reference points A and the center C of the circle are

A(9.074,0.9782) C(4.537,0)

Thus, the radius of the circle is

R =CA = \V(9.074 — 4537)> + 0.97822 = 4.641 MPa

Using these results, the circle is shown in Fig. d.
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9-81. Continued

In - Plane Principal Stress: The coordinates of point B and D represent o; and o,
respectively.

o1 = 4.537 + 4.641 = 9.18 MPa Ans.

o, = 4.537 — 4.641 = —0.104 MPa Ans.

Orientaion of Principal Plane: Referring to the geometry of the circle, Fig. d,

0.9782
tan 2(6,;)1 = m = 0.2156

(0}3)1 = 6.08° (counterclockwise) Ans.

The state of principal stresses is represented on the element shown in Fig. e.

o 005m->-|4%.| I(—o.oo,sm O978:Mba

o-06m ¥,
=0 m g
. Th=004% 907,

0-05m ()

L,
’?,’0-03751’)

(b)

S04 MPa
4537 o104 MP

QlpMpo

— %?—0‘ (Mha) 6.08°
A
A%/ | 09782 @

D c
R=4-641

£i)

90714 |
Tmm) — (A)
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9-82. Determine the principal stress at point A on the
cross section of the hanger at section b-b. Specify the
orientation of the state of stress and indicate the results on
an element at the point.

<

Internal Loadings: Considering the equilibrium of the free - body diagram of the

hanger’s left cut segment, Fig. a, 25 mm
=0 - - = = Al

+15F, =0 V =900 — 900 = 0 V = 1800N 100 mm
C+=Mp = 0; 900(2.25) + 900(0.25) — M =0 M = 2250N-m

b
Section Properties: The cross - sectional area and the moment of inertia about the Smm - grllm
centroidal axis of the hanger’s cross section are 50 mm
A = 0.05(0.1) — 0.04(0.09) = 1.4(107*)m? Sections a—a

and b-b

1 1 -
1 =35 (005)(0.1%) = 5 (0.04)(0.09°) = 1.7367(10~°m*

Referring to Fig. b.
04 = 2y1 A} + y4A5 = 2[0.0375(0.025)(0.005)] + 0.0475(0.005)(0.04)
= 18.875(107%) m’
Normal and Shear Stress: The normal stress is contributed by the bending stress
only.

My 22500029)
Y 1m67(1079)

= 32.39 MPa

The shear stress is contributed by the transverse shear stress only.
vo, 1800[18.875(107°)]
It 1.7367(10°¢)(0.01)

Ta= = 1.956 MPa

The state stress at point A is represented by the element shown in Fig. c.

Construction of the Circle: o, = 32.39 MPa, o, = 0,and 7, = 1.956 MPa. Thus,

_oxt oy 323940
Uavg - 2 - 2

= 16.19 MPa

The coordinates of reference point A and the center C of the circle are

A(32.39,1.956) C(16.19,0)

Thus, the radius of the circle is

R =CA = V(3239 — 16.19)* + 1.956 = 16.313 MPa

Using these results, the cricle is shown in Fig. d.
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9-82. Continued

In - Plane Principal Stresses: The coordinates of reference point B and D represent
o and o, respectively.

oy = 16.19 + 16.313 = 32.5 MPa Ans.

16.19 — 16.313 = —0.118 MPa Ans.

)
Orientaion of Principal Plane: Referring to the geometry of the circle, Fig. d,

1.956

=339 — 1619 21208

tan 2(0p)1
(0;;)1 = 3.44° (counterclockwise) Ans.

The state of principal stresses is represented on the element shown in Fig. e.

oV 0 005m-| F&l |<—0-005m

) 00n| .,
A 1

0-05m

L,
7>00375m

JooN FJooN (b)
(&)

1956 MPa 619y
c

! | s239M 248)),
2
) :?—UWA,
1456

0118 MPa

l' 3.2-39 '

T(Mpa)
73

)
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9-83. Determine the principal stresses and the maximum 450 N
in-plane shear stress that are developed at point A. Show
the results on an element located at this point. The rod has a
diameter of 40 mm.

Using the method of sections and consider the FBD of the member’s upper cut | B
segment, Fig. a,

+1SF, =0, 450 - N =0 N = 450N 150 mm

C+ZMc=0; 450(001) —M =0 M =45N-m
A = w(0.02%) = 0.4(10 %) 7 m?

I= %(0.024) = 40(10~%) 7 m*

The normal stress is the combination of axial and bending stress. Thus,

N My
=— 4+ —
T AT
For point A,y = C = 0.02 m.
450 45 (0.02)

- + = 7.520 MP
770410 %) | 4010 ) a

Since no transverse shear and torque is acting on the cross - section
T=0

The state of stress at point A can be represented by the element shown in Fig. b.

In accordance to the established sign convention o, = 0, o, = 7.520 MPa and
Tyy = 0.Thus

@)

ot oy 0+ 7520
Tavg = Xz Yo 55 = 3760 MPa

Then, the coordinates of reference point A and the center C of the circle are
A(0,0) C(3.760, 0)
Thus, the radius of the circle is

R = CA = 3.760 MPa

Using this results, the circle shown in Fig. ¢ can be constructed. Since no shear stress
acts on the element,

oy = o, = 752MPa ogy=0,=0 Ans.
The state of principal stresses can also be represented by the element shown in Fig. b.

The state of maximum in - plane shear stress is represented by point B on the circle,
Fig. c. Thus.

"W = R = 3.76 MPa Ans.
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9-83. Continued

From the circle,
260, = 90°

0, = 45° (counter clockwise) Ans.

The state of maximum In - Plane shear stress can be represented by the element
shown in Fig. d.

752 Mfa

JMiz )
28y

G

T(MPa) @)

376MPa 376MPa

45"

376M 4

@)
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*9-84. Draw the three Mohr’s circles that describe each of 5 ksi
the following states of stress.
~ el
(a) Here, opin = 0, 0y = 3 ksi and o, = 5 ksi. The three Mohr’s circle ™~ NNy S
of this state of stress are shown in Fig. a T ksi
\\ \

(b) Here, opin = 0, ojy = 140 MPa and o, = 180 MPa. The three
Mohr’s circle of this state of stress are shown in Fig. b

140 MPa 180 MPa

(@ (b)

Upax™ 5° L O =180

bﬂjﬂ:__" O =40

3

Ly P
’&,’#& =350 !

O (MPa
Tass=90

T(ksi)

@)
T )

*9-85. Draw the three Mohr’s circles that describe the 300 psi
following state of stress.

Here, o, = —300 psi, oy, = 0 and o, = 400 psi. The three Mohr’s circle for this ™
state of stress is shown in Fig. a.

Ol-nfn"goo . OI-HM=400 SM]Bpsi

OO :
o 0(psi)

T"fz =350

Tpsi)
&)
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9-86. The stress at a point is shown on the element.
Determine the principal stress and the absolute maximum

shear stress.

For y — z plane:
A0, —80)  B(90, 80)
R = V452 + 80> = 91.79

o =45 + 91.79 = 136.79 MPa

C(45,0)

o, =45 — 91.79 = —46.79 MPa

Thus,
o =0
o, = 137 MPa
o3 = —46.8 MPa
Tﬂgg,s( _ Omax ; Timin _ 136.79 72(746.79) R

90 MPa

80 MPa

Ans.

Ans.

Ans.

Ans.
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9-87. The stress at a point is shown on the element. z
Determine the principal stress and the absolute maximum
shear stress.

120 psi
Mohr’s circle for the element in y - 7 plane, Fig. a, will be drawn first. In accordance

X y
to the established sign convention, o, = 30 psi, o, = 120 psi and 7, = 70 psi. Thus \ 703

gyt o 30+ 120
Tavg = e 5psi

N
2 2 \
30 psi
Thus the coordinates of reference point A and the center C of the circle are L

A(30,70)  C(75,0)

Thus, the radius of the circle is I z O ps 6' Z)—
R =CA = V(75 — 30)* + 70° = 83.217 psi A

Using these results, the circle shown in Fig. b.

—

The coordinates of point B and D represent the principal stresses lA 50 ’0‘5‘.
From the results, I > 7’
Omax = 158 psi Omin = —8.22 psi Ot = 0 psi Ans.
S )
Using these results, the three Mohr’s circle are shown in Fig. c,
From the geometry of the three circles, Y
T Omax — Omin  158.22 — (—8.22) . (a')
abs = 2 = 2 = 83.22 psi Ans.

75 |

8.22p5L 158.22p5¢

D_‘F

D
\/ C B .
- \ : ) 0CPsc)

N £=83.21]

olpsi)

-

JO

Zapsi)

Tpsi) (b3
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*9-88. The stress at a point is shown on the element. z
Determine the principal stress and the absolute maximum
shear stress.

y
X
Mohr’s circle for the element in x - z plane, Fig. a, will be drawn first. In accordance
to the established sign convention, o, = —2ksi,o, = 0 and 7,, = 8 ksi. Thus

(TX + (TZ 72 + 0 . /

Tag =5 = 2 = —1ksi
2 ksi

Thus, the coordinates of reference point A and the center C of the circle are 8ksi

A(-2,8) C(—1,0) E

Thus, the radius of the circle is

R=CA=V[-2—- (D] + & = V65ksi — 8#56

Using these results, the circle in shown in Fig. b, 2 Ksﬁ

The coordinates of points B and D represent o and o, respectively.

o =—1+ V65 = 7062 ksi —

Oy = 7.06 ksi a
) (a)

Omin = —9.06 ksi

Tint =

From the results obtained,

Oine = 0ksi Omax = 7.06 ksi Omin = —9.06 ksi Ans.
Using these results, the three Moht’s circles are shown in Fig, c.
From the geometry of the cricle,

_ Tmax = Tmin _ 706 = (2906) _ o 0y o Ans

Tabs
max 2 2
i 708
. Vn}mc"‘ / 06

TCkse (k)

g | \frEE {2 )°

T

Tekei) TCks))
(b) )
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¢9-89. The stress at a point is shown on the element. z
Determine the principal stress and the absolute maximum
shear stress.

150 MPa
el
\
For x — y plane: 120 MPa
R =CA = V(120 — 60)*> + 150> = 161.55
oy = 60 + 161.55 = 221.55 MPa
o, = 60 — 161.55 = —101.55 MPa
oy = 222 MPa o, = 0MPa o3 = —102 MPa Ans.
— O 221.55 — (—101.55
Tapy = Jmax — Tmin _ ( ) _ 162 MPa Ans.
2 2
9-90. The state of stress at a point is shown on the Z

element. Determine the principal stress and the absolute
maximum shear stress.

For y - z plane: X
A(5,—4)  B(-25,4)  C(1.25,0)
R = V375 + 4> =5483

oy = 1.25 + 5483 = 6.733 ksi 5 ksi

o, = 1.25 — 5483 = —4.233 ksi

Thus,
oy = 6.73 ksi Ans.
ACS,4)
o, =0 Ans.
oy = —423 ksi Ans. (%0 ’W‘(ﬂ,»
673 + (423 a5,
Tave = % = 125ksi *

(a)
Tope _ Omax = Omin _ 073 — (=4.23)

max 2

= 5.48 ksi Ans.

25 Ksi

|—-sm

B .

@:-4.23.& S LT3R

= Clayy, ’)’:Z)
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*#9-92. The solid shaft is subjected to a torque, bending
moment, and shear force as shown. Determine the principal
stress acting at points A and B and the absolute maximum
shear stress.

300 N-m

Internal Forces and Moment: As shown on FBD. I‘j—

Section Properties:

1. = % (0025") = 0306796 (10°*) m*
J =7 (0.025%) = 0613592 (10-°) m* -
Qw:=0
(Qp)y = y' A’
_ @ B (m) (0_0252)} = 10.417 (10°¢) m?

Normal stress: Applying the flexure formula.

g My
IZ
—60.0(0.025)
gy = —————— = 4889 MPa
0.306796(10°)
—60.0(0)
op =

0306796(10°%)

Shear Stress: Applying the torsion formula for point A,

Te 45.0(0.025)
Ty=—=——""' =1833MPa
J0.613592(107°)

The transverse shear stress in the y direction and the torsional shear stress can be

T
obtained using shear formula and torsion formula. 7, = T and T = TP’

respectively.

U (Tv)y ~ Tiwist

800[10.417(107%)] 45.0(0.025)
— = —1.290 MPa

0306796(10°9)(0.05)  0.613592(10°°)

Construction of the Circle: o, = 4.889 MPa, o, = 0, and 7,, = —1.833 MPa for
point A. Hence,

0.t o, 4889 40
Tave 2 2

= 2.445 MPa

The coordinates for reference points A and C are A (4.889,-1.833) and C(2.445,0).
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9-92. Continued

The radius of the circle is

R = \V/(4.880 — 2.445)? + 1.833% = 3.056 MPa

oy =0, = 0and 7, = —1.290 MPa for point B. Hence,

o, + o,
Tayg = 2

The coordinates for reference points A and C are A(0.,~1.290) and C(0,0).
The radius of the circle is R = 1.290 MPa

In - Plane Principal Stresses: The coordinates of point B and D represent | and o,
respectively. For point A

oy = 2.445 + 3.056 = 5.50 MPa

o, = 2445 — 3506 = —0.611 MPa

For point B
o; =0+ 1290 = 1.29 MPa

o, =0 — 1.290 = —1.290 MPa

Three Mohr’s Circles: From the results obtaired above, the principal stresses for

point A are

Omax = 5.50 MPa Oing = 0 Omin = —0.611 MPa Ans.
And for point B

Omax = 1.29 MPa Oine = 0 Omin = —1.29 MPa Ans.

Absolute Maximum Shear Stress: For point A,

Tope _ Tmax = Omin _ 5.50 — (—0.611)

Tirfa)

max  ~ 2 = ’ = 3.06 MPa Ans.
For point B,
T Omax — Omin 1.29 — (_129)
ao= = = 1.29 MPa Ans.
2 2
¥ G - i
5 ®
3 1240 3 \
F] A 2 T
- KJ
.1_4;?7”‘- For Pojnt &

1-833 M
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¢9-93. The propane gas tank has an inner diameter of —
1500 mm and wall thickness of 15 mm. If the tank is
pressurized to 2 MPa, determine the absolute maximum
shear stress in the wall of the tank.

750
Normal Stress: Since% = 5 = 50 > 10, thin - wall analysis can be used. We have foaMP&
_pr_2(750)
o=, =5 = 100 MPa
_pr_2(750)
o= = 2015) = 50 MPa

The state of stress of any point on the wall of the tank can be represented on the

element shown in Fig. a 50 M Pﬂa

Construction of Three Mohr’s Circles: Referring to the element,

Omax = 100 MPa Oiny = 50 MPa Omin = 0
Using these results, the three Mohr’s circles are shown in Fig. b.

Absolute Maximum Shear Stress: From the geometry of three circles,

T abs Tmax ~ Tmin 100 - 0

Max = 2 = 5 = 50 MPa Ans.
Una =100
Ot =50
O;Wn‘o
O (MPa)
{ Tg&i
|

721



09 Solutions 46060 6/8/10 3:13 PM Page 722 $

© 2010 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.

9-94. Determine the principal stress and absolute 12 in.
maximum shear stress developed at point A on the cross

section of the bracket at section a—a.

(=)}
5,
w

NS
4 500 1b
a a
0.5in.  0.251in.
Al
B T
0.25 iné‘ ‘* %‘ - 0.25in.
1.5in.1.5 in.

Section a —a

Internal Loadings: Considering the equilibrium of the free - body diagram of the
bracket’s upper cut segment, Fig. a,

3
+13F, = 0; N — 500<§> =0 N =3001b
4
ESF . =0; V- soo<§> =0 V = 400 1b
3 4 .
SMo=0; M — 5oo<§>(12) - 500<g>(6) =0 M = 6000 1b-in

Section Properties: The cross - sectional area and the moment of inertia of the
bracket’s cross section are

A = 05(3) — 025(2.5) = 0.875 in?

1 1 .
1 =5 05)(3) = 5 (025)(25°) = 0.79948 in’

Referring to Fig. b.
04 = x| A} + X4A5 = 0.625(1.25)(0.25) + 1.375(0.25)(0.5) = 0.3672 in®

Normal and Shear Stress: The normal stress is

N 300
== = " = 34286 psi
T4 A 0875 342.86 psi

The shear stress is contributed by the transverse shear stress.

_VQa | 00367)
TAT T T 079948(025) TP

The state of stress at point A is represented by the element shown in Fig. c.

Construction of the Circle: o, = 0,0, = —342.86 psi, and 7, = 734.85. Thus,

oyt oy 0+ (—342.86) .
Cavg = 2 = > = —171.43 psi

The coordinates of reference point A and the center C of the circle are

A(0,734.85) C(-171.43,0)

Thus, the radius of the circle is

R=CA=\V][0 - (—171.43)]* + 734.85> = 754.58 psi
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9-94. Continued
Using these results, the cricle is shown in Fig. d.

In - Plane Principal Stresses: The coordinates of reference point B and D represent
o and o, respectively.

oy = —171.43 + 754.58 = 583.2 psi
oy = —171.43 — 754.58 = —926.0 psi
Three Mohr’s Circles: Using these results,
Omax = 983 psi Oint = 0 0 in = —926 psi Ans.

Absolute Maximum Shear Stress:

. T — T 5832 — (—926.0) ,
2 = = — 755 psi Ans.
2 2
_ oy .
/'2'//2" | x_ﬁ/-ﬁﬁm-
- fi
F, 135 .
bin S 3 05i
. E 2
-0 F 2

</

17143

34286 ps 85 734 8%

CC ) .. A

R=7s4.57

(A)
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9-95. Determine the principal stress and absolute 12 in.
maximum shear stress developed at point B on the cross
section of the bracket at section a—a.
Internal Loadings: Considering the equilibrium of the free - body diagram of the ¢ ‘in. 5
bracket’s upper cut segment, Fig. a, 3
a ‘ p 4 500 1b
3 - . .
+1SF. =0 — 2 = N = 1 il 0.5in.  0.25in.
TSF, =0 N 500<5> 0 300 1b o4
B T
4 25in | ~l025i
ESF, =0 V- 500<—> =0 V = 400 Ib 0-251n ‘ 025 in.
5 1.5in.1.5 in.
3 4 Section a —a
SMop=0; M — 500<§>(]2) - 500(5)(6) =0 M = 6000 1b - in

Section Properties: The cross - sectional area and the moment of inertia about the
centroidal axis of the bracket’s cross section are

A = 0.5(3) — 0.25(2.5) = 0.875 in? —
_ 1 5 L 3) = it Gin.
I =5 05)(3%) = 5 (025)(25") = 0.79948 in !
— b
Referring to Fig. b, v 500 /
05=0
Normal and Shear Stress: The normal stress is a combination of axial and bending N

stress. C&l)

M 6000(1.5
oy Ny Mg 300 6000QLS) 00 =/ -
AT T 0875 T 079948 X,=315in.

X = 0625

Since Qp = 0, 75 = 0. The state of stress at point B is represented on the element
shown in Fig. c.

In - Plane Principal Stresses: Since no shear stress acts on the element, 0.5 ,',t_
oy = 1091 ksi oy =0 025 ; f0.25n
Three Mohr’s Circles: Using these results,
Omax = 10.91 ksi Oint = Omin = 0 Ans.
Absolute Maximum Shear Stress:

abs  — Omax — Omin _ 1091 — 0

abs = 2 2 = 5.46 ksi Ans.

[0.91 ks
)
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*#9-96. The solid propeller shaft on a ship extends outward
from the hull. During operation it turns at o = 15rad/s
when the engine develops 900 kW of power. This causes a
thrust of F = 1.23 MN on the shaft. If the shaft has an outer
diameter of 250 mm, determine the principal stresses at any
point located on the surface of the shaft.

Power Transmission: Using the formula developed in Chapter 5,
P =900 kW = 0.900 (10°) N-m/s

_ P 0.900(10°

0= 5 = 600(10°)N-m

Internal Torque and Force: As shown on FBD.

Section Properties:

A =7 (025) = 00156257 m’

_m 4\ _ 3\ .4
7 = (0125") = 03835 (10) m
Normal Stress:
N —123(10%
T4 T 0015605 00 MPa

Shear Stress: Applying the torsion formula,

_ Tc _ 60.0(10%) (0.125)

- = 19.56 MP
7038350107 a

T

In - Plane Principal Stresses: o, = —25.06 MPa, o, = 0 and 7,, = 19.56 MPa for
any point on the shaft’s surface. Applying Eq. 9-5,

oyt oy Oy — 0y\2 5
012 = + JFTxy

2 2
—25.06 + 0 —25.06 — 0\?
= + \/< ) + (19.56)%
2 2
= —12.53 + 2323
oy = 10.7 MPa o, = —35.8 MPa Ans.

@\rzwo‘m
G~

B=60.000") Ny

2506 MPe. +_

1956MP —
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¢9-97. The solid propeller shaft on a ship extends outward
from the hull. During operation it turns at w = 15rad/s
when the engine develops 900 kW of power. This causes a
thrust of F = 1.23 MN on the shaft. If the shaft has a
diameter of 250 mm, determine the maximum in-plane shear
stress at any point located on the surface of the shaft.

Power Transmission: Using the formula developed in Chapter 5,
P =900 kW = 0.900(10°) N-m/s

P 0.900(10°

0= 5 = 60.0(10°)N-m

Internal Torque and Force: As shown on FBD.

Section Properties:

- 2) — 2
A = (025) = 00156257 m
J =7 (0125%) = 0.3835(10°?) m*
Normal Stress:
N —1.23(10%)
=— = —— == 2506 MP
7T AT 001565y | 00 MPa

Shear Stress: Applying the torsion formula.

Te  60.0(10%) (0.125
g Lo 00A0)O129) ooy ip,
J 0.3835 (1073)

Maximum In - Plane Principal Shear Stress: o, = —25.06 MPa, o, = 0, and
Tyy = 19.56 MPa for any point on the shaft’s surface. Applying Eq. 9-7,

Oy~ Oy\2
7-in—pmf'ia)ﬁc = <T) + ’Tiy
_ _0\2
_ \/<725'026 0) + (19.56)
= 23.2 MPa Ans.

22040

@\‘p\

B=60aci’) A

2506 MPe }

1956MAe——
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9-98. The steel pipe has an inner diameter of 2.75 in. and 201b
an outer diameter of 3 in. If it is fixed at C and subjected to
the horizontal 20-1b force acting on the handle of the pipe
wrench at its end, determine the principal stresses in the
pipe at point A, which is located on the surface of the pipe.

Internal Forces, Torque and Moment: As shown on FBD.

Section Properties:

1=7(Ls' - 1375") = L1687 in'

T C
J = (15" = 1375') = 23374 in* g
y
_ z /
Qa). = 2y’ A
X
4(1.5) 1 ) 4(1.375) [1 )
= 3 |:57T (15 ) - T 577 (1375 )
2 1b
= 0.51693 in
MyZ o,
Normal Stress: Applying the flexure formula o = .
[y M, =200 Ib.in.
~20000) Ve20-01b -
AT 11687 W l?bz«::s-;n.

Shear Stress: The transverse shear stress in the z direction and the torsional shear

stress can be obtained using shear formula and torsion formula, 7, = Tt and
T
Tiwist = 7'0, respectively.

TA = (Tv)z — Ttwist

_20.0(0.51693)  240(1.5)
T 1.1687(2)(0.125) 23374

—118.6 psi

In - Plane Principal Stress: o, =0, o0, = 0 and 7,, = —118.6 psi for point A.
Applying Eq. 9-5

o+ o, o, — 0,\? )
ogp = + + T

2 2
=0+ V0 + (—118.6)
oy = 119 psi o, = —119 psi Ans.
T U85 psi
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9-99. Solve Prob. 9-98 for point B, which is located on the

201b
surface of the pipe.

A
s
Internal Forces, Torque and Moment: As shown on FBD.
Section Properties: 9 C
-
y
=77 (15" - 1375*) = 11687 in* e
X
J =7 (15" - 1375%) = 23374in*
0 b
(QB)z =0
M v 2 10in
Normal Stress: Applying the flexure formula o = ——,
I, My=260 Ib.in.
200(1.5) \4=2001b =X
= ———— = 256.7 psi
75T 11687 pst S k2o lkn.
” x
Shear Stress: Torsional shear stress can be obtained using torsion formula,
Tp
Tiwist = 7
240(1.5) .
TR = Tiwist — m = 154.0 ps1

In - Plane Prinicipal Stress: o, = 256.7 psi,o, = 0,and 7, = —154.0 psi for point B.
Applying Eq. 9-5

oyt oy Oy — 0y\2 )
=Ty FN (T ) e

7+ 7-0Y)?
=25672 01«25672 0) + (~154.0)

= 128.35 £ 200.49

oy = 329 psi o, = —72.1 psi Ans.

‘—E-}— 2556 7pPs

— 540 p5c
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#9-100. The clamp exerts a force of 150 1b on the boards
at G. Determine the axial force in each screw, AB and CD,
and then compute the principal stresses at points £ and F.
Show the results on properly oriented elements located at
these points. The section through EF is rectangular and is
1 in. wide.

Support Reactions: FBD(a).

C+3Mp=0; Fep@3) —150(7) =0  Fep=3501b Auns.

+1SF, =0, 350 - 150 — Fup=0  Faz=2001b Ans.

4in. |

".5in. 1.5 in.
Internal Forces and Moment: As shown on FBD(b).

Section Properties:
I= i(1)(1 5) = 028125 in*
B . .

Op=0
Op = y'A" = 0.5(0.5)(1) = 0250 in®

M
Normal Stress: Applying the flexure formula o = —Ty,
_ —300(0.75) 200 osi
7ET TTomsis MY
_—300(0.25) 266.67 psi
TFT T Toas12s  O0IP
. Vo
Shear Stress: Applying the shear formula 7 = T
20000
TE T 028125(1)
200(0.250) .
= —————— = 177.78 psi

TF T 0.28125(1)

In - Plane Principal Stress: o, = 800 psi, o, = 0 and 7, = 0 for point E. Since no
shear stress acts upon the element.

o = o, = 800 psi Ans.

gy=0,=0 Ans.
o, = 266.67 psi,a, = 0,and 7., = 177.78 psi for point F. Applying Eq. 9-5

oyt oy Ty — Oy\2 )
Tgp = + + Ty

2 2

266.67 + 0 266.67 — 0\?
= 5 + \/ < 5 ) + 177.78%

= 133.33 + 22222

oy = 356 psi o, = —88.9 psi Ans.
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9-100. Continued
Orientation of Principal Plane: Applying Eq. 9-4 for point F,
Txy 177.78
tan 20, = = = 1.3333
r (Ux - ay)/2 (266.67 — 0)/2
6, = 26.57° and —63.43°
Substituting the results into Eq. 9-1 with 6§ = 26.57° yields
oyt oy Oy~ 0Oy .
Ov =T + iccs 20 + 7,,in 20
266.67 + 0  266.67 — 0
= ) + cos 53.13° + 177.78 sin 53.13°
= 356 psi = o
Hence,
0, = 26.6° 0, = —63.4° Ans.
Fis Y A
3in. <£in.
(a)
' V=200
,) M=300 Ib-in.
liny E 5.5in.
?J;a-sinfr fo7sin.
(-F_] oJsin.
‘ — iT7I8p5(
Bogps- | I Ll TP
—
Point E Point F
B89 pse
356 P
ol '10'0,95‘ 26k
Point E foint F
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9-101. The shaft has a diameter d and is subjected to the F
loadings shown. Determine the principal stress and ~
the maximum in-plane shear stress that is developed

anywhere on the surface of the shaft.

Ty
F
Ty
Internal Forces and Torque: As shown on FBD(b). F
Z o
Section Properties: 7 'G‘
d\* ok
T T w
A=—d? =2 (Z) = = 44
4 d / 2 (2) 32 d et

.i__ 4F
Normal Stress: _} T2

N _-F _ 4F 7d

A TPl

Shear Stress: Applying the shear torsion formula,

_7e _Tols) _ 167,

T T nd T ad
L. 4F 167 .
In - Plane Principal Stress: o, = 7 oy, =0,and 7, = - for any point on
T T

the shaft’s surface. Applying Eq. 9-5,

oyt oy, O = 0,\2 5
Tgp = 3 + 5 + Tyy
4F 4F
7—3-0-0:‘:\/—?—0 2+<16TU>2
T2 2 wd®

d> d
2 64T}
g ?<*F+ F2+ d20 Ans.
T
2 64T
o= <F + 4P+ 420> Ans.
T
Maximum In - Plane Shear Stress: Applying Eq. 9-7,
Oy — Oy\2
Tin—%’ﬁc = (T) + T.%cy
ir
iUV 16T\?
- 2 * wd®
2 ,  64T§
= ﬁ F 7 Ans.
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9-102. The state of stress at a point in a member is shown A
on the element. Determine the stress components acting on 50 MPa
the plane AB.
28 MPa
307
‘7\ 100 MPa

Construction of the Circle: In accordance with the sign convention, o, = —50 MPa,
oy = —100 MPa, and Tey = —28 MPa. Hence,

ot oy, =50 + (—100)
Cag =~ = 5 = —75.0 MPa

The coordinates for reference points A and C are A(-50,-28) and C(-75.0,0).
The radius of the circleis R = V/(75.0 — 50)> + 28> = 37.54 MPa.

Stress on the Rotated Element: The normal and shear stress components
(a'xr and 7, y,) are represented by the coordinates of point P on the circle

oy = =750 + 37.54 cos 71.76° = —63.3 MPa Ans.
Tyy = 37.545in 71.76° = 35.7 MPa Ans.
X
3‘\
Bago"
| e
1 k‘
5
¢

732




09 Solutions 46060 6/8/10 3:13 PM Page 733 $

© 2010 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.

9-103. The propeller shaft of the tugboat is subjected to
the compressive force and torque shown. If the shaft has an
inner diameter of 100 mm and an outer diameter of 150 mm,
determine the principal stress at a point A located on the
outer surface.

Internal Loadings: Considering the equilibrium of the free - body diagram of the
propeller shaft’s right segment, Fig. a,

2F,=0; 10-N=0 N = 10 kN
M, =0, T—-2=0 T =2kN-+m

Section Properties: The cross - sectional area and the polar moment of inertia of the
propeller shaft’s cross section are

A = 7(0.0752 = 0.05?) = 3.1257(107%) m?

J= %(0.0754 —0.05%) = 12.69531257(10~¢) m*

Normal and Shear Stress: The normal stress is a contributed by axial stress only.
N 10(10°
op4=—= —# = —1.019 MPa
A 31257(1073)
The shear stress is contributed by the torsional shear stress only.
Te 2(10°)(0.075)

- =——— "~ =3761MPa
7 12.69531257(107°)

The state of stress at point A is represented by the element shown in Fig. b.

Construction of the Circle: o, = —1.019 MPa, o
Thus,

=0, and 7,, = —3.761 MPa.

y

o, +o —1. +
Tavg = — 5 S 10129 0 05093 MPa

The coordinates of reference point A and the center C of the circle are
A(—1.019, —=3.761) C(—0.5093, 0)

Thus, the radius of the circle is

R=CA=V[-1019 — (-0.5093)]> + (=3.761)* = 3.795 MPa
Using these results, the circle is shown is Fig. c.

In - Plane Principal Stress: The coordinates of reference points B and D represent
o and o, respectively.

o = —0.5093 + 3.795 = 3.29 MPa Ans.

o, = —0.5093 — 3.795 = —4.30 MPa Ans.

733



09 Solutions 46060 6/8/10 3:13 PM Page 734 $

© 2010 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.

9-103. Continued

Orientation of the Principal Plane: Referring to the geometry of the circle, Fig. d,

3.761

= 1019 — 05003 3846

tan 2<0p)2

(Gp)z = 41.1° (clockwise) Ans.

The state of principal stresses is represented on the element shown in Fig. d.

R 376/Ma
[ . /O KN [-019 Mba
T ZKN-m

®)
@)

A |..4\—/.o/c}

376l

b(Mpa)

D [+ B

k_-05093

() Umpa)

329 MPa  £30MPa

()
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#9-104. The box beam is subjected to the loading shown. 800 1b 1200 1b
Determine the principal stress in the beam at points A and B. 6in.
A A
in.| . [8 in. | B é:‘]
— ——
8in. ‘%3 ft—o-2.5 ft~L2.5 fta‘-—S ft—r
Support Reactions: As shown on FBD(a). Bon 12000

Internal Forces and Moment: As shown on FBD(b).

| o 3R

Section Properties:
164014 3éo1b

1 1 i
. 5(8)(83> - E(6)(63) = 233.33 in*

04=03=0

Normal Stress: Applying the flexure formula.

My
=7
—300(12)(4) ,
S Sl AL
7a 233.33 61.71 psi
~300(12)(~3
oy = _Z300A2)(E) 409 psi

233.33
Shear Stress: Since Q4 = Qp = 0,then74 = 75 = 0.

In - Plane Principal Stress: o, = 61.71 psi, o, = 0,and 7, = 0 for point A. Since
no shear stress acts on the element,

o =0, = 617 psi Ans.
oy=0,=0 Ans.
o, = —46.29 psi, o, = 0,and 7,, = 0 for point B. Since no shear stress acts on the
element,
o =0,=0 Ans.
oy = 0, = —46.3 psi Ans.
12001b
Y=840 b
Me300 ls-jtq
2.5/l 5ft
3o lb
()
617 P50 4R
— b— o —
Point A Foint 8
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¢9-105. The wooden strut is subjected to the loading SON 5S0N 40N 40N
shown. Determine the principal stresses that act at point C
and specify the orientation of the element at this point. 60° Y B
The strut is supported by a bolt (pin) at B and smooth N
support at A. 100 mmI |:| A| A © |
T
25 mm ‘ 50 "'"r“

200mm" /" {200 mm 200 mm'200 mm
100 mm 100 mm

Qc = y'A’ = 0.025(0.05)(0.025) = 31.25(10"%) m? SN SIN 2on <on
1 L1
1= 5 (0.025)(0.1%) = 2.0833(10%) m* — —
(2zm o 2miaam| a2m s2m
Normal stress: o¢c = 0 Fgn 36~
son
V=44 N

Shear stress: l )
M=232N m

1% 44(31.25)(10°°
= & — # = 26.4 kPa >ZM (
It 2.0833(107)(0.025) 94p  0im
Principal stress:
= ibp i fg
o.=0, =0, 7, =-264kPa fl ]j
oyt oy Oy~ 0y\2 5
012 = ) + < 5 ) + 77
=0+ V0 + (26.4)
o = 264 kPa ; o, = —26.4kPa Ans.

Orientation of principal stress:

tan20,,:(7= —

0, = +45°and —45°

Use Eq. 9-1 to determine the principal plane of o; and o,
o, to, o,— o0y
e + #cos 20 + 7,y sin 20

6 =0,=—45
oy =0+ 0+ (—26.4) sin(—90°) = 26.4 kPa

Therefore, 0, = —45°% 0, = 45° Ans.

264 KP4
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9-106. The wooden strut is subjected to the loading shown. 50N  S0N 40N 40N
If grains of wood in the strut at point C make an angle of 60°
with the horizontal as shown, determine the normal and /60“ B

h .
shear stresses‘ that act perpendlc.ular and par.allel to the 100 mmT |:| ]i.C ° |
grains, respectively, due to the loading. The strut is supported v A A

by a bolt (pin) at B and smooth support at A. —f =

25 mm ‘ 50 I‘nm

200mm" /" {200 mm 200 mm 200 mm
100 mm 100 mm

Oc = y'A’ = 0.025(0.05)(0.025) = 31.25(107%) m?

1
=4 (0.025)(0.13) = 2.0833(107%) m*

Normal stress: o = 0

Shear stress:

_VOc  44(31.25)(10°°)

= = 26.4 kPa
It 2.0833(1079)(0.025)
Stress transformation: o, = o, = 0; Ty = —26.4 kPa; 0 = 30°
oyt oy Oy — 0y
Oy =5 + #cos 20 + 7, sin 26
=0+ 0+ (—26.4)sin 60° = —22.9 kPa Ans.
Oy = Oy |
Tey = T, sin 20 + 7,y cos 20
= —0 + (—26.4) cos 60° = —13.2kPa Ans.
Lon San Fon Hap) SN
R g
[ i In=222Arm
amioy'r-u'vw{oznl oAl
94 sen f4n oM
Sk
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10-1. Prove that the sum of the normal strains in
perpendicular directions is constant.

& o + S % 26 + L 26 1
&y = ) ) cos 2 sin @
B gt g € T & ” Yxy . 28 2
gy = ) ) cos ) sin )

Adding Eq. (1) and Eq. (2) yields:

ey + &y = g, + g, = constant QED
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10-2. The state of strain at the point has components
of €, = 200(107°), €, = —300(107°), and y,, = 400(107).
Use the strain-transformation equations to determine the
equivalent in-plane strains on an element oriented at an
angle of 30° counterclockwise from the original position.
Sketch the deformed element due to these strains within the
x—y plane.

In accordance to the established sign convention,
e, = 200107%), &, = —300(107%) 1y, =400(107°%) 6 = 30°

oo BT O a8+ P sin2e
r = COS —— Sin
Ex 2 2 2

400
cos 60° + —— sin 60° |(107°)

_ [200 + (-300) | 200 — (~300)

2 2 2
= 248 (1079 Ans.
B = 5 s ) Ccos

Yoy = {—[200 — (=300)] sin 60° + 400 cos 60°}(10’5)

= —233(107°) Ans.
g, + ¢ gy — € Yy
8y = Vz - X2 y005207§sin26
_ [200 + (=300) 200 — (—300) . 400 . 0} 6
= { 2 2 60 5 sin 60° |(107°)
= —348(107°) Ans.

The deformed element of this equivalent state of strain is shown in Fig. a

4 s
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10-3. A strain gauge is mounted on the 1-in.-diameter
A-36 steel shaft in the manner shown. When the shaft is
rotating with an angular velocity of w = 1760 rev/min, the
reading on the strain gauge is € = 800(107®). Determine
the power output of the motor. Assume the shaft is only
subjected to a torque.

w = (1760 rev/min)< 1 min )<27T rad

60 soc ) = 184.307 rad/s

1 rev

YX
! cos 26 + Ty sin 26
6 Yoy
800(107%) =0+ 0 + —= sin 120°
Yy = 1.848(107%) rad
7 =Gy,, = 11(10%)(1.848)(107%) = 20.323 ksi

T(0.5
T:E; 20.323=W( )4;
J 7(0.5)

T =399kip-in = 332.51b-ft

P = Tw = 0.332.5 (184.307) = 61.3 kips-ft/s = 111 hp Ans.
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*10-4. The state of strain at a point on a wrench
has components €, = 120(107°), €, = —180(107°), y,, =
150(107°). Use the strain-transformation equations to
determine (a) the in-plane principal strains and (b) the
maximum in-plane shear strain and average normal strain.
In each case specify the orientation of the element and show
how the strains deform the element within the x—y plane.

e, = 120107%) e, = —180(107°%) 1y, = 150(107°%)

+ E, — E 2 2
a) 81,2:8x28y:|:\/<x2 ‘>+<%>

120 + (—180) \/ 120 — (—180)\2 /1502 } 6
= + (==
S () o
g = 138(107%; & = —198(107°) Ans.
Orientation of €; and g,
Vxy 150
= = = 64y
tan 20, = = 0= (i)~ O S U "
— o _ o 1’ c.
0, = 13.28° and —76.72 = dr ' ) ”'f;
Use Eq. 10.5 to determine the direction of &y and &,
g, + €y £ T 8y VYxy
gy = 2 + cos 260 + > sin 26
0=0,=1328
120 + (—180 120 — (—180 1
ey = { ( ) + ( ) cos (26.56°) + 150 sin 26.56° | 10~°
2 2 2
+
=138(10°% = g y'

Therefore 0, = 13.3%; 0, = —76.7° Ans.

[

Y
b) in—g}gr)&c _ \/ Ex T &y 2 i Yxy 2 .{
2 2 2 A
120 — (-1 2 150\2 X
i =2y == () Joe=msaoy  ams 7 Jurr

sct ey [120 + (—180)
Savg = 2 = 2

}10*6 = —30.0(107%) Ans.

Orientation of .

—(ex — &) _ 1120 - (-180)] _

tan 26, = -2.0
an s Yo 150
0, = —31.7° and 58.3° Ans.
Use Eq. 10-6 to determine the sign of ir?_, e
Yx'y' Ex T & Yxy

= — + R
) ) sin 26 2 cos 26
0 =0, =—-317°

120 — (—180 150

Yoy =2 —% sin (—63.4°) + - cos (—63.4°) [107% = 335(107%)
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10-5. The state of strain at the point on the arm
has components €, =250(10"%), €,= —450(10°%), Vay =
—825(10°°). Use the strain-transformation equations to
determine (a) the in-plane principal strains and (b) the
maximum in-plane shear strain and average normal strain.
In each case specify the orientation of the element and show
how the strains deform the element within the x—y plane.

e, =250(107%) &, = —450(107%)  y,, = —825(107°)

a)
ey t gy & — &)\2 Yy \2
w5 < (5)
_ — (_ 2 — 2
_ [250 450 \/ 250 = (=450)\* | (=825 ] (10°5)
2 2 2 '
J 7
g = 441(107°) Ans.
8 = —641(107°) Ans.
)
: dy ’
Orientation of £ and &, : ™D é', 7
2y
g o T 825 i %
M e — &, 250 — (—450) S 288"
/\
6,=-2484° and 6, =6516° Sdes T x'

Use Eq. 10-5 to determine the direction of &1 and &5:

Therefore, 0, =

—24.8°

0,0 = 652°
b)
mme _ (B EY L (TaY
2 2 2
250 — (—450)\* _ [ =825\’ ], - .
o max = 2{\/< 2( )> + ( > ) J(lO %) = 1.08(107)
& t gy 250 — 450\, ¢ »
Cavg = P = 2 (10 ) = —100(]0 )

g, t+e gy — € Y.
ey = Xz AR yc0529+§sin20
0=0,=—2484°
250 — 4 250 — (—450 —-82
£y = 30 5 30 2( ) cos (—49.69°) + 825 sin (—49.69°) [(107%) = 441(107%)

Ans.

Ans.

Ans.

Ans.
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10-6. The state of strain at the point has components of
€, = —100(107), €, = 400(107), and y,, = —300(107°).
Use the strain-transformation equations to determine the
equivalent in-plane strains on an element oriented at an
angle of 60° counterclockwise from the original position.
Sketch the deformed element due to these strains within
the x—y plane.

In accordance to the established sign convention,
e, = —100(107°%) &, = 400(107%)  y,, = —300(107%) 6 = 60°

g tog, & — &

= + 20 + 2 sin 26

ey = 5 5 [Je 5 sin
—100 + 400 ~ —100 — 400 -300
= { + cos 120° + sin 120° |(107°)
2 2

= 145(107°) Ans.

T (5 ) Gn2e + 2 cos 20
B = s ) CcOos

Yoy = [—(—100 — 400) sin 120° + (—300) cos 120°}(10*6)

= 583(107°) Ans.
& + ey Ex T &y Vxy |
ey = B - 5 cos 20 — 7 sin 20
=100 + 4 —-100 — 4 -
= { 00 + 400 _ ~100 Z 400 a0 — 2390 gy 120°}(10*6)
2 2
=155 (10" Ans.

The deformed element of this equivalent state of strain is shown in Fig. a

/
X
//\ At ¢
/ / \'\
/ *y y
t~_/ W Evdx
N I’
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10-7. The state of strain at the point has components of
€, = 100(107°), €, = 300(107%), and y,, = —150(107).
Use the strain-transformation equations to determine the
equivalent in-plane strains on an element oriented 6 = 30°
clockwise. Sketch the deformed element due to these
strains within the x—y plane.

In accordance to the established sign convention,
e, = 100107%) &, = 300107%)  y,, = —150(107%) 6 = —30°

gt g & T &y Yxy
gy = > + cos 26 + > sin 26

B [100 + 300 N 100 — 300 —150

5 5 cos (—60°) + sin (—600)] (1079

= 215(107°) Ans.

Yxy (8)( Y
2

. Yy
sin 260 + > cos 26

Yoy = {—(100 — 300) sin (—60°) + (—150) cos (—60")](10’6)

= 248 (107 Ans.
3 g, + €y &y — &y 2 Yy . 20
Eyr = P 2 Ccos 2 Sin
100 + 100 — -1
- { 00 : 300 _ 100 : 30 o5 (—60%) — 20 sin(—60°)} (10°6)
= 185(107°) Ans.

The deformed element of this equivalent state of strain is shown in Fig. a

r30

X
~, 6,]/ da, =

/ ;
N / X,

ég’d—#l ,3;/ T
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*10-8. The state of strain at the point on the bracket
has components €, = —200(107), e, = —650(10°°), y,, =
—175(10°%). Use the strain-transformation equations to
determine the equivalent in-plane strains on an element
oriented at an angle of # = 20° counterclockwise from the
original position. Sketch the deformed element due to these
strains within the x—y plane.

A
AT
Ell"!ﬂ‘ .\-v\ 2
) ot £
AT

e, = —200(10°%) g, = —650(10%) 1y, = —175(107%) 6 =20°
gt g &y T &y Yy .
gy = — cos 20 + > sin 26
—-200 + (=650 —200) — (=650 -175
= { (7650) , (~200) — (Z650) . (40°) + ) g, (400)}(10*6)
2 2 2
= —309(10°) Ans.
g, + €y &y — &y Yy |
£y 77— 5 00520—7 sin 260
=200 + (—650) =200 — (=650 -175
= { ( ) _ ( ) cos (40°) — 175 sin (40°)}(10*6)
2 2 2
= —541(107°) Ans.
T B Gn2e + 2 cos2
2 = b s 2 COos
Yoy = [-(—200 — (=650)) sin (40°) + (—175) cos (40°)](10"°)
= —423(107°) Ans.
vy !
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10-9. The state of strain at the point has components of
€, = 180(107°), €, = —120(107°), and y,, = —100(107).
Use the strain-transformation equations to determine (a)

the in-plane principal strains and (b) the maximum in-plane -
shear strain and average normal strain. In each case specify
the orientation of the element and show how the strains I

deform the element within the x—y plane.

a) In accordance to the established sign convention, &, = 180(107°),

e, = —120(107%) and y,, = —100(1079). |

oy (O
{180 +2(—120) . \/{180 —2(—120)}2 N <—1200>2} 109

= (30 + 158.11)(107%)

g = 188(107% & = —128(107%) Ans.

Yy —100(107°)
tan 260p = = = —0.3333
e~ & [180 — (~120)](107°)

0p = —9.217° and 80.78°
Substitute # = —9.217°,

&y + gy Ex T & Yxy
£y = 5 + cos 20 + > sin 26
180 + (—120) 180 — (—120 -100
= 2( ) + 2( )cos(—18.43°) + sin (—18.43) |(107%)

= 188(107%) = g,
Thus,
Bp); = —9.22°  (0p), = 80.8° Ans.

The deformed element is shown in Fig (a).

’ymax
in-plane Ex T &y 2 Yxy 2
= + [ ==
®) 2 \/< 2 ) 2

Tpay o = {2\/[180 _2(_120)}2 + (‘120())2 }(10*6) =316 (10") Ans.

£ — & [180 — (~120)](107%)
Yy ~100(10%)
g, = 35.78° = 358° and —54.22° = —542° Ans.
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10-9. Continued

The algebraic sign for ymﬁﬂane when 0 = 35.78°.
Yx'y' (8)( — &y
=

. Yxy
) sin 260 + > cos 20

Yoy = {—[180 — (~120)] sin 71.56° + (—100) cos 71.56"}(10’6)

= —316(107°)
et gy 180 + (—120)] _
Bag = 5 = { 5 }(10 %) = 30(107°) Ans.

The deformed element for the state of maximum In-plane shear strain is shown is
shown in Fig. b

T
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10-10. The state of strain at the point on the bracket
has components €, = 400(10’6), €, = —250(10°%), Viy =
310(107°). Use the strain-transformation equations to
determine the equivalent in-plane strains on an element
oriented at an angle of & = 30° clockwise from the original
position. Sketch the deformed element due to these strains
within the x—y plane.

e, = 400(10°%) &, = —250(10%)  y,, =310(107°%) g = —30°

g, t+ gy gy —

€y Vxy |
cos 260 + > sin 26

&y = >
400 + (—250) 400 — (=250
= { ( ) ( ) cos (—60°) + <@) sin(—60°)}(10*6)
2 2 2
= 103(107%) Ans.
g, + €y &y — &y Yy |
ey = B - > cos 20 — > sin 26
400 + (—250) 400 — (=250 1
= { ( ) _ ( ) cos (60°) — 310 sin(760°)}(10’6)
2 2 2
= 46.7(107%) Ans.
T B Gn2e + 2 cos2
2 = 2 sin 2 COS
Yoy = [~(400 = (=250)) sin (—=60°) + 310 cos (—60°)](107%) = 718(107°)  Ans.

P
-
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10-11. The state of strain at the point has components of
€, = —100(107%), €, = —200(107°), and y,, = 100(107).
Use the strain-transformation equations to determine (a)
the in-plane principal strains and (b) the maximum in-plane
shear strain and average normal strain. In each case specify
the orientation of the element and show how the strains
deform the element within the x—y plane.

In accordance to the established sign convention, &, = —100(107°),
e, = —200(107°) and y,, = 100(107°).

- &y ; & \/(sx ; 8y>2 . (y;y>z
{—100 +2(—200) . \/[—100 —2(—200) T N (%)2 } 1079

= (—150 + 70.71)(107%)

g = —793(107% & = —221(10"°) Ans.

-

Yy 100(107%)
tan20p = ——— = o = 1
e~ 8 [~100 — (—200)](107%)

0p = 225° and  —675°

Substitute 6 = 22.5,

—SX+€"+8F€" 20 + 2 in20

gy = > cos 2 sin
=100 + (-200) =100 — (=200
- ( ) + ( ) cos 450 + 100 G 450 (107
2 2 2

= —793(107% = &
Thus,
6p), = 225°  (Bp), = —67.5° Ans.

The deformed element of the state of principal strain is shown in Fig. a

Y max
Pr}fiplane _ \/ Ex T &y 2 4 h 2
2 2 2

—100 — (—200) | 100\? - _
Tmax = {2\/ {%} + <7> }(10 6) = 141(10°%) Ans.
£ — &y [—100 — (=200)|(107%)
tan263,=—< >=— = -
Vay 100(107%)
0, = —22.5° and 67.5° Ans.
The algebraic sign for ’yitlt'::;(lane when 6§ = —22.5°.
Yx'y' Ex T &y . Yxy
= 20 + > cos2
> ( > >sm 0 B cos 20

Yoy = ~[~100 — (~200)] sin (~45°) + 100 cos (~45°)

= 141(107%)
et e —100 + (=200
By =~ = { ( )}(10*6) = —150(107°) Ans.
2 2
The deformed element for the state of maximum In-plane shear strain is shown in
Fig. b.
749
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10-11. Continued

/% e :
7 k]

a
’,'\ @Va'dy IS
17 /
=z \ X 4
/ \ 4
éadg G Edy’ "y = X
¢ 22:5° in=plane

4
() = oo™

*10-12. 'The state of plane strain on an element is given by

y
€, = 500(107°), €, =300(10°), and y,, = —200(10°°).
Determine the equivalent state of strain on an element at |
the same point oriented 45° clockwise with respect to the €,dy T ——
original element. ’ | |
\ \
. . . dy Vx/y"\ B \
Strain Transformation Equations: 5 ‘~
\ \
e, = 500(107°) e, = 300(10°°) Yo = —200(107%) 6 = —45° .
) Yo — -
i 2
We obtain dr e dx
et e g, — € Y.
e = * 4+ Xz ycos20+%sin20

+ p— p—
= [500 5 300 + 300 2 300 cos (—90°) + (72200> sin (—90")](10’6)

=500(107°) Ans.

Yy e, — &€ Yy
2 =—< Kz y>sin20+%00520

Yoy = [~(500 = 300) sin (=90°) + (—200) cos (~90°)](107%)

=200(10"°) Ans.
g, + ¢ gy — & Yy
&y = Vz - x2 ¥ cos20 — — sin 26
~ 500 + 300 500 — 300 . —200\ . . o, s
= { 2 2 cos (—90°) (72 >sm( 90 )}(10 )
=300(107°) Ans.

The deformed element for this state of strain is shown in Fig. a.
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10-13. The state of plane strain on an element is y
€, = —300(107), €, = 0, and ,, = 150(107°). Determine
the equivalent state of strain which represents (a) the
principal strains, and (b) the maximum in-plane shear strain —=
and the associated average normal strain. Specify the ’

orientation of the corresponding elements for these states d Yay | "\ i
of strain with respect to the original element. Jy 2 !

Yiy | —€.dx

In-Plane Principal Strains: ¢, = —300(1076), g, =0, and vy, = 150(10%). We
obtain

gt g, ex — &,\2 Yry \2
Bl2T T E 2 2
—-300 + 0 —-300 — 0)> (150> p
= + | — -

(—150 + 167.71)(107)

e = 17.7(10°9) & = —318(107°) Ans.

Orientation of Principal Strain:
Yy 150(107°)
& T & (=300 — 0)(107°)

tan 26, =

6p = —13.28° and 76.72°
Substituting 6 = —13.28° into Eq. 9-1,

e, + gy Ex T & Yxy .
ey T T, + ) cos 260 + > sin 260

o @ 1 — © —6
Sty cos (=2657%) + = sin( 26‘57)}(10 )

_ {—300 +0 , =300 -0
= —318(107°) = ¢,
Thus,
0p); = 76.7°and (0p), = —13.3° Ans.
(6r): (6r):

The deformed element of this state of strain is shown in Fig. a.

Maximum In-Plane Shear Strain:

yinr;"al:)r(lanc :\/ &x 8," 2 + ny 2
2 2 2

— — 2 2
Voo = [2\/ (%) + <%> i|(10’6> — 335(107°) Ans.

Orientation of the Maximum In-Plane Shear Strain:

— _ _ -6
an 20, 7<ax sy> | (=300 - 0)(107°) | )
Yy 150(10°°)

0, = 31.7° and 122° Ans.
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10-13. Continued

The algebraic sign for y{;‘f\[;‘]ane when 6 = 6; = 31.7° can be obtained using

T (B ) Gnae + 2 cos20
) = ) sin 5 COSs

Yoy = [—(=300 — 0) sin 63.43° + 150 cos 63.43°](10°)
=335(1079)

Average Normal Strain:

e = &y ; gy _ <—30(; + 0>(10—6) _ 7150(10—6) Ans.

The deformed element for this state of strain is shown in Fig. b.

érd'#i' 3 ’/\‘\

h-__§._- ‘ ”1 \ x /
< \
\| 2 20 G’

4
&
Q
ag
LF S}
-
~
-

X X
/33° (
Yo,
€, dx’ __7"_“5-

(4) (b)
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10-14. The state of strain at the point on a boom of an
hydraulic engine crane has components of €, = 250(10°%),
€, =300(10°°), and y,, = —180(10°°). Use the strain-
transformation equations to determine (a) the in-plane
principal strains and (b) the maximum in-plane shear strain
and average normal strain. In each case, specify the
orientation of the element and show how the strains deform
the element within the x—y plane.

a)

In-Plane Principal Strain: Applying Eq. 10-9,

e, te Er — €,\2 AV
&1,2 = xz y:i:\/(xz y) +<%>

250 + 300 250 — 300\2 | /—180\? |, _
[ (5
=275 + 93.41
e = 368(1079) e = 182(1079) Ans.

Orientation of Principal Strain: Applying Eq. 10-8,

tan 26 T —180(10°7%) 3.600
an 20, = _ —3
P e — e, (250 — 300)(107%)
9p=3724° and = —52.76°

Use Eq. 10-5 to determine which principal strain deforms the element in the x’
direction with 6 = 37.24°.

gt g
&y = 5 +

g, — €

’yX
! cos 260 + Ty sin 26

300 cos 74.48° + —

B {250 + 300 250 —

St 0 sin 74.48"}(10’6)

182(107%) = &,
Hence,
0p) = —52.8° Ans.

and 0py = 37.2°

b)
Maximum In-Plane Shear Strain: Applying Eq. 10-11,

Y max

in-plane :\/ Ex T &y 2 " & 2
2 2 2

=187(10°°)

y B 250 — 300\2 [ —180\2 |/, _
in-lgla::l);e - 2|:\/< 2 * 2 (10 6)

Ans.
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10-14. Continued

Orientation of the Maximum In-Plane Shear Strain: Applying Eq. 10-10,

ec =8 250 — 300
tan 20, = — - = 02778
an <bs ey ~180

0, = —7.76° and 82.2° Ans.

The proper sign of Y max can be determined by substituting & = —7.76° into Eq. 10-6.

in-plane

T G2+ 2 cos26
) = ) sin B CcOS

Yoy = {—[250 — 300] sin (~15.52°) + (—180) cos (—15.52°)}(10°°)

= -187(107°)
Normal Strain and Shear strain: In accordance with the sign convention,
e, =250(10°°) &, =300(10°) v, = —180(107°)

Average Normal Strain: Applying Eq. 10-12,

+ g,
- : & _ {250 ; 300}(10,6) ~ 5(10°9) Ans.
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*10-16. The state of strain at a point on a support
has components of €, = 350(107%), €, = 400(10°),
Yoy = —675(107°). Use the strain-transformation equations
to determine (a) the in-plane principal strains and (b) the
maximum in-plane shear strain and average normal strain.
In each case specity the orientation of the element and show
how the strains deform the element within the x—y plane.

a)
g, + €y &y —8y\2 N Yxy\2
wa= e\ (7) +(3)
350 + 400 \/ 350 — 4002 —675\2
= + +
2 2 2

g = 713(107%) Ans. o
6 2 AN AL
& = 36.6(10" Ans.
2 ( ) Loy
yxy *675
tan 20p = =

e — g, (350 — 400)

0p = 42.9° Ans.

b)

(y.x’;)max _ \/(sx ; sy)z N <%)z
(%-cvzf)max _ \/(350 ; 400)2 N <—6275>2

(yx’y’)max = 677(1076) Ans.
ext ey, 350 + 400
Bavg = — 5 Y = S = 375(10°°) Ans.
—(ex = &) 350 — 400
tan 260, = =
an st Yy 675
0, = —2.12° Ans.
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¢10-17. Solve part (a) of Prob. 104 using Mohr’s circle.

e, = 120(107%) &, = —180(107%)  y,, = 150(107°)

A (120,75)(107% € (=30, 0)(107%)

R =[V[120 = (=30)] + (75)](107%)

= 167.71 (107

g1 = (—30 + 167.71)(10"%) = 138(10°%) Ans.
g = (=30 — 167.71)(107%) = —198(107%) Ans.
75 3
tan 260p = <m>, 0p = 133 Ans.
30

Fiad é
& N\ \\/ ! €169
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10-18. Solve part (b) of Prob. 10-4 using Mohr’s circle.

e, = 120107%) e, = —180(107%)  1y,, = 150(107°%)

A (120,75)(107%) € (=30, 0)(107%)

R =[V[120 = (=30)]* + (75)*](107°)

= 167.71 (107

Yxy B
—— = R =167.7(10"%)
in-plane
Yxy _max T 335(1076) Ans.
in-plane
Cavg = —-30 (1076) Ans.
120 + 30
tan 20, = ———— 0, = —31.7° Ans.
75
30

Y d &
& N \\/ ! €169
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10-19. Solve Prob. 10-8 using Mohr’s circle.

-6 -6 -6 Yxy -6
e, = —200(107°) g, = —650(107°) Yoy = —175(107°) 5 = —87.5(107°)
0 = 20°, 20 = 40°

A(—200, —87.5)(107%)  C(—425,0)(10°)

R = [V/(—200 — (—425))* + 87.5*](1075) = 241.41(1079)

tan a = %ﬂ%; a = 21.25°

¢ =40 + 21.25 = 61.25°

gy = (—425 + 241.41 cos 61.25°)(107%) = —309(10~%) Ans.
ey = (—425 — 24141 cos 61.25°)(107%) = —541(107%) Ans.

“Yxy 6y
— = 241.41(107°) sin 61.25°

Vay T —423(107%) Ans.

elifY)
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*10-20. Solve Prob. 10-10 using Mohr’s circle.

-6 6 —6 'yxy _s
£, = 400(10°°) e, = =250(10°%) v, =310010°%) = =155(10) 0 =30°
A(400,155)(10°%)  C(75,0)(107%)

R = [V/(400 — 75)% + 1552](10%) = 360.1(10°°)

155

m; a = 25.50

tana =

¢ = 60 + 25.50 = 85.5°

gy = (75 + 360.1 cos 85.5°)(107%) = 103(10~%) Ans.
ey = (75 — 360.1 cos 85.5°)(107°) = 46.7(107%) Ans.
Yy : o -6
= (360.1 sin 85.5°)(107°)
Yoy = 718(107%) Ans.
f -Say'
(&=L

/ m Erot)

| L e .
\’, 3o
\W 155) &‘ i

o) 06, 42
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¢10-21. Solve Prob. 10-14 using Mohr’s circle.

Construction of the Circle: In accordance with the sign convention, &, = 250(10’6),

e, = 300(10’6),and& = —90(107°). Hence,

2
g = ; . (250 ’2L 300)(10*6) =275(10¢) Ans. 250

The coordinates for reference points A and C are

A(250,-90)(10°¢)  €(275,0)(10°°)
The radius of the circle is

R = (V@75 = 2507+ 90 ) 107%) = o508

In-Plane Principal Strain: The coordinates of points B and D represent ¢; and ¢,
respectively.

e1 = (275 + 93.408)(107°) = 368(107°) Ans.
e = (275 — 93.408)(107°) = 182(10°) Ans.
Orientation of Principal Strain: From the circle,

90
tan 29[:2 = m = 3.600 291)2 = 74.48°

20, = 180° — 20,

180° — 74.78°
0p, = - 52.8° (Clockwise) Ans.
Maximum In-Plane Shear Strain: Represented by the coordinates of point E on
the circle.

Y

. max
in-plane

S = —R = —93.408(107°)

= —187(10°°) Ans.

max
in-plane
Orientation of the Maximum In-Plane Shear Strain: From the circle,

tan 26, = 2759% = 02778

0, = 7.76° (Clockwise) Ans.
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10-22. The strain at point A on the bracket has
components €, = 300(107%), €, = 550(107%), y,, =
—650(107°). Determine (a) the principal strains at A in the
x—y plane, (b) the maximum shear strain in the x-y plane,

O !
and (c) the absolute maximum shear strain. y
-6 -6 -6 Yxy -6 4 x
£ =3000107%) £, = 550(107) = —650(107%)  —= = —325(10°)
[ = — 1
A(300, —=325)107°  C(425,0)107°
R =[V(425 - 300)* + (-325)?|107° = 348.2(10F)
a) Aling 385!
& = (425 + 348.2)(10°%) = 773(10°%) Ans.
-6 -6 . gl
8 = (425 — 3482)(107% = 76.8(107%) Ans.
b) £
= 2R = 2(348.2)(107%) = 696(10~°) Ans.
c) %
-+
- 1)
&
700y » .
= S = 7731079 Ans.

10-23. The strain at point A on the leg of the angle has
components €, = —140(107%), €, = 180(107°), y,, =
—125(107%). Determine (a) the principal strains at A4 in the
x—y plane, (b) the maximum shear strain in the x—y plane,
and (c) the absolute maximum shear strain.

_ -6 _ -6 _ -6 Yoy _ -6
e, = —140(107°) g, = 180(107°) Yy = —125(107°) -5 = —62.5(107°)

A(—140, —62.5)107®  C(20,0)10°°

R = (V(20 — (—140))> + (—62.5)* )107° = 171.77(10"%)

a)

s = (20 + 171.77)(107%) = 192(10~%) Ans.

& = (20 — 171.77)(107%) = —152(107%) Ans. Rty ——{a
(b,c) R Z.
Yabs = Vgl = 2R = 2(171.77)(107%) = 344(107°) Ans. & (200) | € E0F)

Syt
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#10-24. The strain at point A on the pressure-vessel wall
has components €, = 480(107%), €, = 720(107°), y,, =

650(107°). Determine (a) the principal strains at A, in the y
x—y plane, (b) the maximum shear strain in the x—y plane,
and (c) the absolute maximum shear strain. A
X

e, = 480(107%) &, =720(10°°)  y,, = 650(10°°) % = 325(107°)
A(480,325)10°° (600, 0)107°

R = (V(600 — 480)2 + 3252)10° = 346.44(10")

a)

g1 = (600 + 346.44)107% = 946(107°) Ans.
& = (600 — 346.44)107° = 254(107%) Ans.
b)

Vﬁ = 2R = 2(346.44)107% = 693(107%) Ans.
<)

W10y gas0) Ans.

2 2 max

N

2

[/\
[ c(boo,o)) £qo™) F ﬁ !rz }5,,“ €@0$y
¥ -k 7 -L
20N g0 £
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¢10-25. The 60° strain rosette is mounted on the bracket.

The following readings are obtained for each gauge:

e, = —100(10°%), €,=250(10"°), and e.=150(10°°).

Determine (a) the principal strains and (b) the maximum in- h

plane shear strain and associated average normal strain. In

each case show the deformed element due to these strains.
607

60°

This is a 60° strain rosette Thus,

s, = g, = —100(10°°)

g, = (28,, + 2e. — ea)

W | =

- %[2(250) +2(150) — (~100)](1076)

= 300(10"°)

Yiy = % (8 — 80) = % (250 — 150)(10°%) = 115.47(10°%)

In accordance to the established sign convention, £, = —100(107%), g, = 300(107%)

'YX.V _6
and —> = 57.74(10°°).

Thus,

e T gy (—100 + 300

Bag = 5 = 5 )(10*6)=100(10*6) Ans.

Then, the coordinates of reference point A and Center C of the circle are
A(—100, 57.74)(107%) C(100, 0)(107%)

Thus, the radius of the circle is

R=CA= (\/(—100 — 100)*> + 208.16)(10"’) =208.17(10"°)

Using these result, the circle is shown in Fig. a.

The coordinates of points B and D represent ¢; and &, respectively.

g1 = (100 + 208.17)(10~%) = 308(10°) Ans.
& = (100 — 208.17)(107%) = —108(10°) Ans.
Referring to the geometry of the circle,

57.74(107°%)
tan2(0p), = ——————— —— = 0.2887
(100 + 100)(10~°)

(91))2 = 8.05° (Clockwise) Ans.

The deformed element for the state of principal strain is shown in Fig. b.
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10-25. Continued

’_ymax
. . in-plane
The coordinates for point E represent e,,, and — Thus,

Tymz]\x
T" = R = 208.17(107°)
Ymax = 416(1076) Ans
in-plane .

Referring to the geometry of the circle,

tan 29, — 100 + 100
y 57.74
0, = 36.9° (Counter Clockwise) Ans.

The deformed element for the state of maximum In-plane shear strain is shown in
Fig. c.

A4

~XN
=
o

™

: ; € (1074)
A , 2"9_5 Ygf‘hﬂ&
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10-26. The 60° strain rosette is mounted on a beam.
The following readings are obtained for each gauge:
€,=200(10°), €,= —450(10°), and e, =250(10°°).
Determine (a) the in-plane principal strains and (b) the
maximum in-plane shear strain and average normal strain.
In each case show the deformed element due to these strains.

With 6, = 60°,0, = 120° and 6, = 180°,

&, = £,€05°0, + &y sin®0, + Yy 8in 0, cos 0,
200(107%) = &, cos?60° + gy sin® 60° + Yy sin 60° cos 60°
0.25¢, + 0.75e, + 0.4330 y,, = 200(107°) @
&, = £, c0s° 0, + &y sin? 6, + Yxy Sin 0y, cos 0,
—450(107°%) = e, cos?120° + &, sin*120° + vy, sin 120° cos 120°
0.25¢, + 0.75e, — 0.4330 y,, = —450(107%) ?2)
g = £,c08°0, + L sin®6, + Yy Sin 0, cOs 0,
250(107%) = &, cos? 180° + &, sin> 180° + v, sin 180° cos 180°
£, = 250(107°)
Substitute this result into Egs. (1) and (2) and solve them,

e, = =250 (107%)  y,, = 750.56 (107

In accordance to the established sign convention, &, = 250(107°), g, = —250(107°),

Yxy 6
andT = 375.28(107°), Thus,

et ey, [250 + (~250)
Fag T T T 2

}(10*6) =0 Ans.
Then, the coordinates of the reference point A and center C of the circle are
A(250,375.28)(107%) (0, 0)
Thus, the radius of the circle is
R =CA = (V(250 — 0)* + 375.287)(107%) = 450.92(10°)

Using these results, the circle is shown in Fig. a.
The coordinates for points B and D represent €; and &,, respectively. Thus,

g = 451(107% & = —451(107°) Ans.

Referring to the geometry of the circle,

375.28
tan 2(6p); = 250 - 1.5011
(6p), = 28.2° (Counter Clockuwise) Ans.

The deformed element for the state of principal strains is shown in Fig. b.
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10-26. Continued

_Vmax
The coordinates of point E represent &,,, and %lane. Thus,
’y_mml(
in-plane — —
5 = R=450.92(10 6 Yma o =902(107°) Ans.
Referring to the geometry of the circle,
250
tan 260, = 37508 0.6662
0, = 16.8° (Clockwise) Ans.

VR

2\ N\ /
B Edy N7\ X
— € (1076) : a‘\g’ }(L y
& dx
37528 N
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10-27. The 45° strain rosette is mounted on a steel shaft.
The following readings are obtained from each gauge:
€, = 300(107°), €, = —250(10°%), and e.,= —450(10°°). .

Determine (a) the in-plane principal strains and (b) the
maximum in-plane shear strain and average normal strain. \ b m_m b /
In each case show the deformed element due to these strains.

45°] 45°

With 0, = 45°,6;, = 90° and 6, = 135°,
&, = &,€08°0, + £y sin®0, + Yy Sin 0, cos 0,
300(107%) = &, cos?45° + gy sin?45° + Yy Sin 45° cos 45°
e, + &, T ., = 600(1079) @
&, = £,c08%0), + &y sin?6, + Yy Sin 0, cos 0,
—250(107°) = e, cos?90° + &,sin*90° + y,, sin 90° cos 90°
&, = —250(107°%)
£ = £,c08°0, + gy sin?6, + Yy Sin0. cosf,
—450(107%) = e, cos® 135° + &, sin® 135° + vy, sin 135° cos 135°
e+ &, — ¥, = —900(107°) )
Substitute the result of &, into Eq. (1) and (2) and solve them

&, = 100(107%) 1y, = 750(107%)

In accordance to the established sign convention, &, = 100(10~°), gy = —250(107°)

Yxy —6
andT = 375(107°). Thus,

et e 100 + (=250

Eave = Y [ ( )}(10*6) = —75(107%) Ans.
2 2

Then, the coordinates of the reference point A and the center C of the circle are

A(100,375)(107%)  C(—75,0)(107°)

Thus, the radius of the circle is

R=CA= (\/[100 ~ (15} + 3752>(10'6) = 413.82(10°%)
Using these results, the circle is shown in Fig. a.
The Coordinates of points B and D represent ¢; and &,, respectively. Thus,
e1 = (=75 + 413.82)(10°%) = 339(10°) Ans.
& = (—75 — 413.82)(107°) = —489(10°°) Ans.
Referring to the geometry of the circle

375
tan 2(01:)1 = m = 2.1429

(6p); = 32.5° (Counter Clockwise) Ans.
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10-27. Continued

The deformed element for the state of principal strains is shown in Fig. b.

’_ymax
The coordinates of point E represent &,,, and in-plane -y
.ymel{x
PR _ R = 41382(10°)  Ymax = 828(107%) Ans,

2 in-plane

Referring to the geometry of the circle

—100 + 75
375

= 0.4667

tan 26,

0, = 12.5° (Clockwise) Ans.

75 - / Vs

2&9,), é 0 6) ( P N\

0- Edx’
R=4'l’3' é'_b d’ﬂ,’ 52?0/ I

28, - 315 . X

e
100

Lo
@)

0O
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#10-28. The 45° strain rosette is mounted on the link of
the backhoe. The following readings are obtained from
each gauge: €, = 650(107°), e, = —300(107°), e, = 480(107°).
Determine (a) the in-plane principal strains and (b) the
maximum in-plane shear strain and associated average
normal strain.

g, = 650(107%; &, = —300(107%); & = 480(107°)

0, = 180° 0, =225° 0, = 270°

Applying Eq. 10-16, & = &, cos’0 + £, sin?6 + VyySindcoso

650(107%) = &, cos? (180°) + &, sin? (180°) + 1, sin (180°) cos (180°)

s, = 650 (107
480 (107%) = &, cos? (270°) + &, sin® (270°) + v, sin (270°) cos (270°)
e, = 480 (107°)
—300 (107%) = 650 (107°) cos? (225°) + 480 (107°) sin* (225°) + ,,sin (225°) cos (225°)
Yy = —1730 (107°)
Therefore, e, = 650 (1076) &, = 480 (107  y,, = —1730 (107°)

Y.
% = —865 (107

Mohr’s circle:
A(650, —865)107°  (C(565,0)107°
R =CA=[V(650 — 565) + 8652]107% = 869.17 (10~°)

(a) & = [565 + 869.17]107% = 1434 (107°) Ans.

& = [565 — 869.17]107° = —304 (10~°) Ans.

Y, L .
(b)  me = 2R =2(869.17) (107%) = 1738 (107°) Ans. ¢ éaua, ’.z,—)

Eavg = 565(1079)

C(565,0) ¢
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10-30. For the case of plane stress, show that Hooke’s law
can be written as

E E
m(ex + vey), oy = (1_7’}2)(6}, + ve,)

Oy =

Generalized Hooke’s Law: For plane stress, o, = 0. Applying Eq. 10-18,
£y = E((rx - vo'y)

vEe, = ((rX - vay) v

vEe, =vo, — V? ay [1]
1

g, = E((Ty - vo,)

Es, = —vo, + o, [2]

Adding Eq [1] and Eq.[2] yields.

vEsxfEsy:a'yfvzay

o, = % (Vax + sy> (O.E.D.)

Substituting o, into Eq. [2]

Ee = —vo, + 1 _Evz (vsx + sy)

3 E (V g, + sy) Ee,

Ox

v(l =Y v
B Eve .+ Ee, — Eg, + Esyv2
- v(l —v?)
E
= ﬁ (EX + v Sy) (Q.E.D.)
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10-31. Use Hooke’s law, Eq. 10-18, to develop the strain-
transformation equations, Eqs. 10-5 and 10-6, from the
stress-transformation equations, Eqs. 9-1 and 9-2.

Stress transformation equations:

oyt oy o, — 0o,
Oy = 7+ ———cos20 + 7, sin20 @)
2 2
o, — o,
Toy = =5 sin 26 + 7, cos 20 ?2)
oy to, o,—0,
Oy =——F—— — ——— c0s20 — 7y, sin20 3)

2 2

Hooke’s Law:

o, VO
&y = f - E (4)
—vo, gy
Ey = T + E (5)
Txy = G Yxy (6)
E
G = 7
20 1) ™
From Egs. (4) and (5)
1 =v)oy + 0y)
&y T g, = T )
1+ v)oy —0y)
R ©)
From Egs. (6) and (7)
E
Tyy = mvw (10)
From Eq. (4)

_oe MO 1
&y = E E ( )
Substitute Egs. (1) and (3) into Eq. (11)

1 =v)(oy—0ay) ([ +v)(o,— 0y (1 + v)7yysin 20
= + - 20 + ———— 12
£y 2 F 2 F cos 26 I3 12)
By using Egs. (8), (9) and (10) and substitute into Eq. (12),
ey T gy € T &y Yy |
&y = T + cos 20 + TSIH 26 QED
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10-31. Continued
From Eq. (6).

Yx'y' (13)

E
Yey = Gywy = 20+

Substitute Egs. (13), (6) and (9) into Eq. (2),

£ J P g E 26
20+0 YT T 2a e M 2(1 + v) TS
Yx'y (Sx - Sy) . Yxy
) = B — sin 26 + > cos 20 QED

*10-32. A bar of copper alloy is loaded in a tension
machine and it is determined that e, = 940(10°°) and

o, = 14ksi, o0, = 0, o, = 0. Determine the modulus of
elasticity, E.,, and the dilatation, e, of the copper.
Vey = 0.35.
&x = E [o'x - V(‘T,v + 0'2)]
1
940(10°%) = [14(10%) — 0.35(0 + 0)]
ECU
E, = 14.9(10%) ksi Ans.
1-2v 1 — 2(0.35) ~
fo = 5 (o, +o,+0,)= T4900%) (14 + 0 + 0) = 0.282(10%)  Ans.

¢10-33. The principal strains at a point on the aluminum
fuselage of a jet aircraft are €, = 780(10°%) and €, =
400(10°%). Determine the associated principal stresses at
the point in the same plane. E, = 10(10%) ksi, v, = 0.33.
Hint: See Prob. 10-30.

Plane stress, 03 = 0

See Prob 10-30,

E
o :ﬂ(& + vey)

10(10%)
1 - 0.33?

(780(107%) + 0.33(400)(10°%)) = 10.2 ksi Ans.

= (et ver)

10(10%) e e )
= mmoouo ) + 0.33(780)(10%)) = 7.38 ksi Ans.
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10-34. The rod is made of aluminum 2014-T6. If it is 700 N 700 N
subjected to the tensile load of 700 N and has a diameter of - —>
20 mm, determine the absolute maximum shear strain in the

rod at a point on its surface.

Normal Stress: For uniaxial loading, oy = o, = 0.

P
o=t =10 hogmpa
A T(0.02%)

Normal Strain: Applying the generalized Hooke’s Law.
1
& = E {a’x - V((Ty + UZ)}
— 0) —
= 3100 [2.228(10°) - 0]

= 30.48(10°°)

& =% [(Ty —v(o, + o'z)}

1

ST [0 — 0.35(2.228(10°) + 0)]

= -10.67(107°)

&g, = = [a’z - V(O'X + O'y)}

= m[o - 0.35(2.228(10°) + 0) ]
= -10.67(10°%)
Therefore.
Emax = 3048(107%) £y, = —10.67(107°)
Absolute Maximum Shear Strain:
i = Smax ~ Emin

[30.48 — (—10.67)](107%) = 41.1(107°) Ans.
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10-35. The rod is made of aluminum 2014-T6. If it is 700 N 700 N
subjected to the tensile load of 700 N and has a diameter of — l
20 mm, determine the principal strains at a point on the
surface of the rod.

Normal Stress: For uniaxial loading, o, =0, = 0.

P
2 V12
A T(0.02)

Oy

Normal Strains: Applying the generalized Hooke’s Law.

o= Lloe—s{o, + )

o[ =

= 3100) [2.228(10°) — 0]

= 30.48(10°)
g, = %[U}, —v(o, + 0'1)}

1

- 10 [0 — 0.35(2.228(10°) + 0)]

= -10.67(107°)
1
&, = E[UZ - v((rx + a'y”

1
=————10 — 0.35(2.228(10°) + 0
it [0 - 035(2228(10%) + 0)]
= -10.67(10°°)
Principal Strains: From the results obtained above,

Emax = 30.5(107°)  gip = ein = —10.7(107%) Ans.
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*10-36. The steel shaft has a radius of 15 mm. Determine
the torque 7 in the shaft if the two strain gauges, attached to
the surface of the shaft, report strains of e, = —80(107%)
and e, = 80(107%). Also,compute the strains acting in the x
and y directions. Eg = 200 GPa, vy = 0.3.

ey = —80(107%) &, = 80(1079)
Pure shear
e, =8g,=0 Ans.
&y = g,cos”0 + g, sin?6 + y,, sinfcos O
0 = 45°
—80(107%) = 0 + 0 + y,, sin 45° cos 45°
ey = —160(107°) Ans.
Also, 6 = 135°

80(107% = 0 + 0 + y sin 135° cos 135°
Yy = —160(107)

E 200(10%)
= = = 76.923(10°
21+ V) 2(1+0.3) (10%)

= Gy = 76.923(10°)(160)(10~°%) = 12.308(10°) Pa

;- 12.308(106)(5)(0.015)4

T=7— 0015 =652N-'m Ans.

10-37. Determine the bulk modulus for each of the
following materials: (a) rubber, E; = 0.4 ksi, v, = 0.48, and
(b) glass, E, = 8(10%) ksi, v, = 0.24.

a) For rubber:

K, = E = 04 = 3.33 ksi Ans
T3 —-2v,) 3[1-2048)] ’
b) For glass:
K = __8010) _ 5.13 (10%) ksi A
¢T3 -2vy) 30 - 2024] (107 ksi s
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10-38. The principal stresses at a point are shown in the 12 ksi
figure. If the material is A-36 steel, determine the
principal strains.

e
1 1 -
SI:E[(T —V((Tz+0'z)] W{12_0328+( 20)}:546(1076) N /
1 1 -
82:5["27“”“”3)]:29.07(103){8 032[12 + (- 20)}=364(10 %) o 20 ksi
S1
1 -
o = Lo e o] = gy (720 - 002 4 B] = ot 10 j
fmax = 546 (107%) e = 346 (10°) ey = —910 (1079 Ans.

10-39. The spherical pressure vessel has an inner
diameter of 2 m and a thickness of 10 mm. A strain gauge
having a length of 20 mm is attached to it, and it is observed
to increase in length by 0.012 mm when the vessel
is pressurized. Determine the pressure causing this
deformation, and find the maximum in-plane shear stress,
and the absolute maximum shear stress at a point on the
outer surface of the vessel. The material is steel, for which
Ey = 200 GPa and vy = 0.3.

1000
Normal Stresses: Since T2 100 > 10, the thin wall analysis is valid to

determine the normal stress in the wall of the spherical vessel. This is a plane stress
problem where o,;, = 0 since there is no load acting on the outer surface of the wall.

pr p(1000)
Omax = Olat = Z = 2(10) = 50.0p [1]
Normal Strains: Applying the generalized Hooke’s Law with Gl sTabR
0.012
€max = €lat = = 0600(107%) mm/mm
20 Timfay
1 Tasz
Emax — E[Umax -V (o'lat + U’min)} —
Timm)y
0.600(107%) = —————[50.0p — 0.3(50.0p + 0
(107) = Joocige [50.0p = 03(50.0p + 0)]
p = 3.4286 MPa = 3.43 MPa Ans.

From Eq.[1] opax = 010 = 50.0(3.4286) = 171.43 MPa

Maximum In-Plane Shear (Sphere’s Surface): Mohr’s circle is simply a dot. As the
result, the state of stress is the same consisting of two normal stresses with zero
shear stress regardless of the orientation of the element.

T max =0 Ans.

in-plane

Absolute Maximum Shear Stress:

max ~ Tmin 17143 = 0
Tapy = Ima 5 Tmin _ S = 85.7MPa Ans.
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*10-40. The strain in the x direction at point A on the P
steel beam is measured and found to be €, = —100(107%). y
Determine the applied load P. What is the shear strain vy, 3 1‘1
at point A? Eg = 29(10°) ksi, v, = 0.3. | T — |
| +
31t 4ft— 71t |

_1 s 1 3 _ 4
I = 35 0)9) = (55 = 129833 in

04 = (425)(0.5)(6) + (2.75)(0.5)(2.5) = 16.1875 in?

o = Es, = 29(10°)(100)(10~%) = 2.90 ksi

My 15P(12)(1.5)
T 290 = "70833
P = 13.945 = 13.9 kip Ans.
VO 0.5(13.945)(16.1875)
== P 1739 ki
AT 129.833(0.5) 739 kst

_E 290109 o
iy 21503 11.154(10°) ksi

Ty 1.739
=—=—""—=0.156(10"%) rad Ans.
Yo TG T 1L154010%) (107 ra s

y=05P
1 )H=I5P Jtib

"I‘—d.—*
o5p

31 os”
= L) a"
o5 -
33
f‘—.r'
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¢10-41. The cross section of the rectangular beam is
subjected to the bending moment M. Determine an
expression for the increase in length of lines AB and CD.
The material has a modulus of elasticity £ and Poisson’s

ratio is v.
For line AB,
My My 12My
0= =1 = 3
I 5bi bh
_ vo. 12vMy
STTE T Ebw
h
2 12vM [?
AL,p = =
AB AS» y Ebhg yay
3vM
“2Ebh Ans.
For line CD,
Mc M3 M
G, = —— = — = 2
‘ I Sbn:  bi?
_ Vo _ 6vM
o E EbK
6vM
ALcp =& Lep=——>5(b
cp = &x Lcp Ebhz()
6vM
= 5 Ans.
Eh
10-42. The principal stresses at a point are shown in 26 ksi

the figure. If the material is aluminum for which
E, = 10(10°) ksi and v, = 0.33, determine the principal

strains.
~— //
1 1 - o

& = g (0s = Voy + 09) = 155 (10 ~ 033(-15 - 26)) = 235(107)  Ans.
&y = (7, ~ ¥, + 0)) = (15— 03310 - 26)) = ~0972(10 ) Ans. / P~ i
y T gD 10(10°%) i

10 ksi
b = (0.~ Vo, + 0y) = (=26 ~ 033(10 — 15)) = ~244(10%) Ans. ’

E 10(10%)
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10-43. A single strain gauge, placed on the outer surface
and at an angle of 30° to the axis of the pipe, gives a reading
at point A of €, = —200(10°°). Determine the horizontal
force P if the pipe has an outer diameter of 2 in. and an
inner diameter of 1 in. The pipe is made of A-36 steel.

Using the method of section and consider the equilibrium of the FBD of the pipe’s
upper segment, Fig. a,

2F,=0; V.-p=0 V.=p

SM, = 0; T,- p(15) =0 T,=15p \iﬁ
M, =0 M, — p25) =0 M,=25p 4
The normal strees is due to bending only. For point A, z = 0. Thus e@ b @

_ M,z
IY

=0

Tx

The shear stress is the combination of torsional shear stress and transverse shear
stress. Here, J = %(14 — 0.5% = 0.46875 7 in*. Thus, for point A

T. L15p(12)(1) 384p
g, = 20 PR

J 0.46875m T

Referring to Fig. b,

4 (1 4(0.5
(Q.): = TIA — ThA = g[guﬂ - %E(O.SZ)]

= 0.5833 in®
I, =% (1* - 05% = 0234375 7 in*
Combine these two shear stress components,

~384pP N 2.4889P  40.8889P

T=1+71,=

ks w

Since no normal stress acting on point A, it is subjected to pure shear which can be
represented by the element shown in Fig. c.

For pure shear, e, = &, = 0,
&, = &, cos’ 0, + &, sin’f, + y,, sinf, cos b,
—200(107%) = 0 + 0 + ,, sin 150° cos 150°
Yo = 461.88(107%)

Applying the Hooke’s Law for shear,

T = G Yag

40.8889P
= = 11.0(10°)[461.88(107%)]
T

P = 0.3904 kip = 390 1b Ans. l
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*10-44. A single strain gauge, placed in the vertical plane

on the outer surface and at an angle of 30° to the axis of the '\1.5 ft
pipe, gives a reading at point A of e, = —200(10°°).
Determine the principal strains in the pipe at point A. The
pipe has an outer diameter of 2 in. and an inner diameter of
1 in. and is made of A-36 steel.

30°
Using the method of sections and consider the equilibrium of the FBD of the pipe’s
upper segment, Fig. a, A
2F,=0; V,-P=0 V,=P e S
<Q ©

M, =0 T,— P15 =0 T,=15P
M, = 0; M, - PQ25)=0 M,=25P
By observation, no normal stress acting on point A. Thus, this is a case of pure shear.
For the case of pure shear,
e, =&, =¢g,=0
8, = 8,C08°0, + &,sin’6, + y,,sin 6, cos 0,

—200(107%) = 0 + 0 + 7,, sin 150° cos 150°

Yee = 461.88(107%)

g, + ¢ gy — €;\2 2 \2
wn= () (5)
0+0 0—0)\2 461.88\2 6
= +
S (5 o

g =231(10% & = —231(10°°) Ans.
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10-45. The cylindrical pressure vessel is fabricated using
hemispherical end caps in order to reduce the bending stress
that would occur if flat ends were used. The bending stresses
at the seam where the caps are attached can be eliminated
by proper choice of the thickness #;, and ¢. of the caps and
cylinder, respectively. This requires the radial expansion to
be the same for both the hemispheres and cylinder. Show
that this ratio is ¢./t;, = (2 — v)/(1 — v).Assume that the
vessel is made of the same material and both the cylinder
and hemispheres have the same inner radius. If the cylinder
is to have a thickness of 0.5 in., what is the required thickness
of the hemispheres? Take v = 0.3.

For cylindrical vessel:

pr _pr

8115[01*‘/(02*03)] o3;=0

_l<£_””>_ﬂ<1_l )
E\ t. 2t, t. 2"

E
o 1
dr:slr:£<1—5v> )

pr
UIZO'ZZTUI

1
8115[01*‘/(02*03)]; o3;=0

1 r vpr r

-2 -
E 2th 2th 2Eth
pr

dr=er=sp-(1=v @

Equate Eqgs. (1) and (2):

2 2
pr 1 pr
— (1 - = — 1 -
Etc< 2v> 2Eth( V)

tciz(lfé")iZ—v

ty, 1-v 1-v

QED

(- (1-03)(05)

N, =03 = 0.206 in. Ans.

781



10 Solutions 46060 6/8/10 3:15 PM Page 782 $

© 2010 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.

10-46. The principal strains in a plane, measured
experimentally at a point on the aluminum fuselage of a jet
aircraft, are e; = 630(10°°) and e, = 350(10°°). If this is
a case of plane stress, determine the associated principal
stresses at the point in the same plane. E, = 10(10°) ksi
and v, = 0.33.

Normal Stresses: For plane stress, o3 = 0.

Normal Strains: Applying the generalized Hooke’s Law.

g = %[o’l —v(oy + 0'3)}

630(107%) = [0} — 0.33(c + 0)]

_1
10(10%)

6.30 = o — 0.330, (1]

g = %[0'2 —v(oy + 0'3)}

1
350(107%) = - 0.33(cy + 0
( ) 10(103) [0-2 ((rl )}
3.50 = o, — 0.330 [2]

Solving Egs.[1] and [2] yields:

o = 837 ksi o, = 6.26 ksi Ans.

10-47. The principal stresses at a point are shown in 3 ksi
the figure. If the material is aluminum for which
E, = 10(10°) ksi and v, = 0.33, determine the principal

strains.
\ /

1[ V(o + 03)] ! { - 0333 + (- 4)} 833 (1079 A o
e = =l|o; —vio oz = —C

1= plot 205 10010%)

1 1 . . e
szzg[az—v(01+a3)]:m{3 0.33[8 + (- 4)}:168(10 6) Ski/ -
& = S [o3 = V(o) + o) = Lt [—4 - 033(8 + 3)] = =763 (107°) l

> E 10(10%)
Using these results,
g =833(107% & =168(107°% & = —763(10°°)
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*10-48. The 6061-T6 aluminum alloy plate fits snugly into
the rigid constraint. Determine the normal stresses o, and
o, developed in the plate if the temperature is increased by
AT = 50°C. To solve, add the thermal strain «AT to the
equations for Hooke’s Law.

y 400 mm

300 mm

Generalized Hooke’s Law: Since the sides of the aluminum plate are confined in the
rigid constraint along the x and y directions, &, = &, = 0. However, the plate is
allowed to have free expansion along the z direction. Thus, o, = 0. With the
additional thermal strain term, we have

&, = %{a’x — v(a'y + U’Z):| + aAT
1
=——|g, - 035 0 24 10*6> 50

68.9(10%) {0' (o + )} ! ( c0
o, — 0350, = —82.68(10°) (1)
g, = %[Uy — V((Tx + a'z)] + aAT
. [0y = 035(c, + 0)] + 24(107°)(50)

68.9(109>
o, — 0350, = —82.68(10°) 2)

Solving Egs. (1) and (2),
o, =0, = —1272MPa = 127.2 MPa (C) Ans.

Since oy = oy and o, < gy, the above results are valid.
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¢10-49. Initially, gaps between the A-36 steel plate and

the rigid constraint are as shown. Determine the normal y

stresses o, and o, developed in the plate if the temperature

is increased by AT = 100°F. To solve, add the thermal 0.0015 in.
strain «AT to the equations for Hooke’s Law. = . r

4

8 in.g" L0.00ZS in.

X

Generalized Hooke’s Law: Since there are gaps between the sides of the plate and the rigid

constraint, the plate is allowed to expand before it comes in contact with the constraint.

8, 0.0025 S 8 0.0015 S
Thus, e = "=~ = 03125(107%) and e, = L="%6 - 0.25(1073).

However, the plate is allowed to have free expansion along the z direction. Thus, o, = 0.

‘With the additional thermal strain term, we have

&, = %{o’x - v(ay + 0'1)} + aAT

0.3125(10*3> -1 [0, = 0.32(0, + 0)] + 6.60(107%)(100)
29.0<1o3>

o, — 0320, = —10.0775 )

g, = %{UY - v((rx + O'Z)] + aAT

0.25(107) = ) [, = 0.32(c, + 0)] + 6.60(107°)(100)

29.0(10°
oy — 0320, = —11.89 )
Solving Egs. (1) and (2),
o, = —155ksi = 15.5ksi (C) Ans.

oy = —16.8ksi = 168 ksi (C) Ans.

Since o < oy and o, < oy, the above results are valid.
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10-50. Two strain gauges a and b are attached to a plate
made from a material having a modulus of elasticity of
E = 70 GPa and Poisson’s ratio » = 0.35. If the gauges give
a reading of €, = 450(10°°) and €, = 100(10°°), determine
the intensities of the uniform distributed load w, and w,
acting on the plate. The thickness of the plate is 25 mm.

Normal Strain: Since no shear force acts on the plane along the x and y axes, y,, = 0.
With 6, = 0 and 6, = 45°, we have

&, = £,c08% 0, + &y sin® 6, + Yxy SIN 6, cos b,
450(107°) = ¢, cos® 0° + &, sin® 0°+0

e, = 450(107°%)

&, = £,c08% 0 + &y sin’ 6, + Yy Sin 0, cos 0
100(10°%) = 450(10°) cos? 45° + &, sin® 45° + 0

e, = —250(107°)

Generalized Hooke’s Law: This is a case of plane stress. Thus, o, = 0.

&g = %[Ux - V(U'y + UZ”

. 1
450(107°) = (1] (o, = 035(c, + 0)]
o, — 0350, = 31.5(10%) ™
g, = *[(Ty - V(U'X + (TZ)}
1

—-250(10°) = , = 035(0, + 0

( ) 70(109) [0'} (‘7. - )]
o, — 0350, = —17.5(10°) @

Solving Egs. (1) and (2),

o, = —7.379(10°)N/m? o, = 28.917(10°)N/m?

Then,

w, = ot = —7.379(10°)(0.025) = —184 N/m Ans.
w, = o, = 28.917(10°)(0.025) = 723 N/m Ans.
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10-51. Two strain gauges a and b are attached to the
surface of the plate which is subjected to the uniform
distributed load w, = 700 kN/m and w, = —175 kN/m.
If the gauges give a reading of €, = 450(10°) and
€, = 100(10°°), determine the modulus of elasticity E,
shear modulus G, and Poisson’s ratio » for the material.

y
Normal Stress and Strain: The normal stresses along the x, y, and z axes are
700(10°)

— _ 6 2

7= 5oas = 28(10°)N/m
175(10°)

— — 6 2

0'},7*W7*7<10)N/m 4

o, = 0 (plane stress)

z

Since no shear force acts on the plane along the x and y axes, y,, = 0. With 6, = 0°
and 0, = 45°, we have

&, = £,c08% 0, + £y sin® 0, + Yy Sin 6, cos 0,
450(107°) = ¢, cos® 0° + &, sin’ 0° + 0
e, = 450(10°°)
& = &, cos’ 0 + gy sin” 6, + Yy S0 0, cos 6,
100(107%) = 450(107°) cos? 45°+ &, sin®45° + 0
e, = —250(1079)

Generalized Hooke’s Law:

&y = %[a’x - V((Ty + U'Z)]

450(107%) = %[28(10“) - v[-7(10°) + 0]}
450(107%)E — 7(10%)v = 28(10°) 1)
g, = %[o'y —v(o, t+ o))

-250(107%) = %{—7(106) - v[28(10°) + 0}}

250(107%)E — 28(10°)v = 7(10°) @)
Solving Egs. (1) and (2),

E = 67.74(10°) N/m? = 67.7 GPa Ans.

v = 03548 = 0355 Ans.

Using the above results,

g 6174(10%)
T 2(1+v)  2(1+0.3548)

G

=25.0(10°)N/m? = 25.0 GPa Ans.
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*#10-52. The block is fitted between the fixed supports. If the
glued joint can resist a maximum shear stress of 7oy = 2 ksi,
determine the temperature rise that will cause the joint to fail. 40°
Take E = 10 (10*) ksi,» = 0.2, and Hint: Use Eq. 10-18 with
an additional strain term of AT (Eq.4-4).
Normal Strain: Since the aluminum is confined along the y direction by the rigid
frame, then &, = 0 and o, = o, = 0. Applying the generalized Hooke’s Law with
the additional thermal strain,
pOLAT
EER a1 |
&= [O'y v(io, + u’z)]+04
1
0=—"—2|0o, — 0200+ 0)| + 6.0(107%) (AT ‘
o, = —0.06AT
Construction of the Circle: In accordance with the sign convention. o, = 0,
oy, = —0.06AT and 7, = 0. Hence.
oyt gy 0+ (—006AT) !
v = = = —0.03AT Z,
Tavg 2 2 -y
e — X
The coordinates for reference points A and C are A (0,0) and C(—0.03AT, 0). Ase' |
The radius of the circle is R = V(0 — 0.03AT)> + 0 = 0.03AT
Stress on The inclined plane: The shear stress components 7, are represented by
the coordinates of point P on the circle.
Ty = 0.03AT sin 80° = 0.02954AT
| 00341
Allowable Shear Stress:
i L-R20-03AT
Tallow — Tx'y' 280 2 A -
2 = 0.02954AT Y=t0!
AT = 67.7°F Ans.
Fl
{7
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¢10-53. The smooth rigid-body cavity is filled with liquid
6061-T6 aluminum. When cooled it is 0.012 in. from the top
of the cavity. If the top of the cavity is covered and the
temperature is increased by 200°F, determine the stress
components o, o,, and o, in the aluminum. Hint: Use
Eqgs. 10-18 with an additional strain term of «AT (Eq. 4-4).

Normal Strains: Since the aluminum is confined at its sides by a rigid container and /

allowed to expand in the z direction, &, = &, = 0; whereas e, = 6 = 0.002.

Applying the generalized Hooke’s Law with the additional thermal strain,

& = %[a’x —v(oy, + O'Z)} + aAT
1 -
0= 10000) (o, = 035(a, + o,)] + 13.1(107°) (200)
0 =0, - 0350, — 0350, + 262 (1]
1
g, = E[Uy —v(o, + o, + aAT
1 -
0= 0000 [0, = 035(c, + o) | + 13.1(107°) (200)
0=0,— 0350, — 0350, + 2622 2]
g, = %[a’z - v(o',Y + O'y)} + aAT
0002 = 1o [0, = 035(0, + o,)] + 13.1(107°) (200)

0=0.— 0350, — 0350, + 6.20 3]

Solving Egs.[1],[2] and [3] yields:

o, =0, = —700ksi o, = —552ksi Ans.
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10-54. The smooth rigid-body cavity is filled with liquid
6061-T6 aluminum. When cooled it is 0.012 in. from the top
of the cavity. If the top of the cavity is not covered and the
temperature is increased by 200°F, determine the strain
components €., €,, and €. in the aluminum. Hint: Use
Eqgs. 10-18 with an additional strain term of «AT (Eq. 4-4).

Normal Strains: Since the aluminum is confined at its sides by a rigid container, /
then

e, =¢,=0 Ans.

and since it is not restrained in z direction, o, = 0. Applying the generalized
Hooke’s Law with the additional thermal strain,

& = %[o‘x - V((Ty + (TZ)} + aAT

0= m [0, — 035(c, + 0)] + 13.1(107%) (200)

0=0,— 0350, + 262 0
1

o=z loy —vow + o)) + anT

0= m[% ~ 0.35(c, + 0)] + 13.1(107°) (200)

0=o0,— 035, + 262 2]

Solving Egs. [1] and [2] yields:

o, =0, = —40.31 ksi

[0'7 - v(a'x + a'y)} + aAT

1 —
- W{O — 0.35[—40.31 + (—40.31)]} + 13.1(107°) (200)

= 5.44(1073) Ans.

789



10 Solutions 46060 6/8/10 3:15 PM Page 790 $

© 2010 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.

10-55. A thin-walled spherical pressure vessel having an
inner radius r and thickness ¢ is subjected to an internal
pressure p. Show that the increase in the volume within
the vessel is AV = (2pmr*/Et)(1 — v). Use a small-strain

analysis.
pr

g = 0 = Z

g3 = 0
1

& =& E(Ul — voy)
pr

& = & = ﬁ(l —v)

ey = 5 (~V(o1 + 0)

_wvpr
B5TTTE
4qr3
V=
3

4 473 A
VAV = T A = T (1 )]

where AV < V, Ar << r

3
T .. <1+3£>
3 r

AV Ar
Bvol =, =3\

. 2mw(r + Ar) = 2mr  Ar
Sinceg; =g =— = —

2mr r
3pr
eyl = 38 = ﬁ(l - )
2pm rt
AV = Veyy = Ior 1-v) QED
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*10-56. A thin-walled cylindrical pressure vessel has an
inner radius r, thickness ¢, and length L. If it is subjected
to an internal pressure p, show that the increase in
its inner radius is dr = re; = pr(1 — %V)/El and the
increase in its length is AL = er(% — v)/Et. Using these
results, show that the change in internal volume becomes
dV = mr*(1 + €)*(1 + &)L — @r’L. Since €, and €, are
small quantities, show further that the change in volume
per unit volume, called volumetric strain, can be written as
dv )V = pr(2.5 — 2v)/Ert.

Normal stress:

o1 =

N Oy =

pr pr
t 2t

Normal strain: Applying Hooke’s law

1
EIZE[U’I_V(UZ+U’3)]7 g3 =0

_i(ﬂ_m>_ﬂ<l_1>
TE\ 1t 2t ) Et 2"

2
pr 1
dr:{-),f:?l< *EV> QED
82=E[0'2—V(0'1+0'3)]~ o3 =0
_l(ﬂ_ﬂ>_ﬂ<l_v>
E\2t t Et\2
g _pLEr(t
AL=eL="F (2 v) QED

Vi=a(r+er?(L+el); V=urL
av =V' -V =mr(1+¢e) (1 + &)L — 7’ L QED
(1 + &)* =1 + 2¢ neglect £} term

A +e)A+e)=(0+2e)1 + &) =1+ e + 2¢ neglect g, term

av
—=1+g +2¢ —1=g +2¢

%
pri 2pr< 1 )
=L (= 4+ = -
Et<2 V) £\ T2

=Pl os o QED
*E[(- v)
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10-57. The rubber block is confined in the U-shape
smooth rigid block. If the rubber has a modulus of elasticity
E and Poisson’s ratio v, determine the effective modulus of
elasticity of the rubber under the confined condition.

Generalized Hooke’s Law: Under this confined condition, &, = 0 and o, = 0. We
have

0= %(U’x Vo)

oy = vo, 1)
1

& = E {‘71 - V(‘TX + U,V)}
1

& = E [Uz - V(Ux + 0)]
1

& = E (o'z - Vo'x) (2)

Substituting Eq. (1) into Eq. (2),

o

&, = E(l - V2)

The effective modulus of elasticity of the rubber block under the confined condition
can be determined by considering the rubber block as unconfined but rather
undergoing the same normal strain of e, when it is subjected to the same normal
stress o, Thus,

o, = Eere,
o

Egy=—= = 5 Ans.
&

z

= 8
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10-58. A soft material is placed within the confines of a z
rigid cylinder which rests on a rigid support. Assuming that ‘
€, =0 and €, = 0, determine the factor by which the p
modulus of elasticity will be increased when a load is
applied if » = 0.3 for the material.

Normal Strain: Since the material is confined in a rigid cylinder. e, = &, = 0.
Applying the generalized Hooke’s Law,

£, = %[o’z —v(o, + O'X)}

0=0,—v(o, + 0, 11
1

ey = E [Uy - V(Ux + Uz):l

0=0,—vio, + 0, [2]

Solving Egs.[1] and [2] yields:

4
gy =0, = g,
x y 1—y°¢

Thus,

e, =

z [‘Tz —v(o, + O—y)}

o )|
A T LI I

21/2}
1—-v

| =

| =

=9

_1—v—2v2}
1-v

=S

o[+ -2
B 1-v }

S

N

R

Thus, when the material is not being confined and undergoes the same normal strain
of g,, then the requtred modulus of elasticity is

o 1-—v

P T R )

E' 1-v

The i factoris k=-7=-—"—"—"
e increased factoris k& B =201 +v)

1-03
[1 - 2(03)](1 + 03)

= 1.35 Ans.
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10-59. A material is subjected to plane stress. Express
the distortion-energy theory of failure in terms of o, oy,
and 7.

Maximum distortion energy theory:

2 N _ 2
(o1 — 010y + 03) = oy 1)
o‘x+o'y Oy — 0y\2 )
0'12: 2 + 2 +Txy
oyt oy o, — 0,\2
_ _ ) 2
Leta—Tandb— (#> +
o =a+ b gy,=a—>b

(r%:a2+b2+2ab; (r%:a2+b2—2ab
ooy =a> — b

From Eq. (1)
(a2+b2+2ab—a2+b2+a2+b2—2ab)=a"%
(@ +3b) =0}

((Tx + (Ty)z (O-x - O-y)z

+
4 S

2 _ 2
+ 37y = oy

o2+ o-i — o0, +3 T)z(y = o} Ans.

*10-60. A material is subjected to plane stress. Express
the maximum-shear-stress theory of failure in terms of o,
oy, and 7,,. Assume that the principal stresses are of
different algebraic signs.

Maximum shear stress theory:

loy — oo = oy (€]

o oy [ )
o1, = 3 + < 5 ) + Ty

Oy — 0,\2
oy — 0oy =2 (T) + 'riy
From Eq. (1)
o, — o, \?

JE22Y e a ]
(o, — o-y)2 +4 Tiy =o% Ans.
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¢10-61. An aluminum alloy 6061-T6 is to be used for
a solid drive shaft such that it transmits 40 hp at 2400
rev/min. Using a factor of safety of 2 with respect to
yielding, determine the smallest-diameter shaft that can be
selected based on the maximum-shear-stress theory.

0= (2400 re—,v><2” rad><l mm) = 80 7 rad/s
min rev 60s

P 40(550) (12) 3300

T=—=—FT"— Ib-i
[0} 80 7 T mn
T
Applying 7 = TC
(32) e 6600
7= -
T I

The principal stresses:

6600 6600
2 2T TTT 05

o =T=

Maximum shear stress theory: Both principal stresses have opposite sign, hence,

B _ oy <6600> _|37010%)
T2 T RS Py 2
¢ = 0.4166 in.
d = 0.833 in. Ans.

10-62. Solve Prob. 10-61 using the maximum-distortion-
energy theory.

2 d i
o= (2400&)( pra ><1mm> = 80 7 rad/s
min rev 60s

P 40(550) (12) 3300 .. .
=—=———>=—lbin.
® 80 7 T
T
Applying 7 = £e
J
() e 6600
F= =
T 2
The principal stresses:
6600 6600
o =T= ; oy = —T=—
! wt 2 el

The maximum distortion-energy theory:

Oy 2
0'%70'10'24»0'%: —_—

F.S.
3 |:6600:|2 _ <L103>>2
w3 2
¢ = 03971 in.
d = 0.794 in. Ans.
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10-63. An aluminum alloy is to be used for a drive shaft
such that it transmits 25 hp at 1500 rev/min. Using a factor
of safety of 2.5 with respect to yielding, determine the
smallest-diameter shaft that can be selected based on the
maximum-distortion-energy theory. oy = 3.5 ksi.

P 150002
L

T =
) 60
P 25(550)(12) 3300
507 T
Tc _ Ty
T= I J = 2 c
e 6600
B %c“ e
6600 —6600
g1 — gy =
1 23 2 23
2
Ty
0'% — o0y + (r% = <ﬁ)
3<6600>Z B (3.5(103)>2
)\ 25
¢ = 0.9388 in.
d = 1.88in. Ans.

*10-64. A bar with a square cross-sectional area is made
of a material having a yield stress of oy = 120 ksi. If the bar
is subjected to a bending moment of 75 kip - in., determine
the required size of the bar according to the maximum-
distortion-energy theory. Use a factor of safety of 1.5 with
respect to yielding.

Normal and Shear Stress: Applying the flexure formula,

Me 75(5) 450
o= e _ _»0
1 llfza4 a

In-Plane Principal Stress: Since no shear stress acts on the element

3 oy, =0,=0

Maximum Distortion Energy Theory:

2 2_ 2
01 — 010, t 07 = Ojliow

450\? 120\?
- J— + -
< = ) 0+0 <1.5>

a = 1.78in. Ans.
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¢10-65. Solve Prob. 10-64 using the maximum-shear-
stress theory.

Normal and Shear Stress: Applying the flexure formula,

Me 7505 450
o= ==

I ﬁ a* &

In-Plane Principal Stress: Since no shear stress acts on the element.

450
0'1=0'x=7 oy =0,=0

Maximum Shear Stress Theory:

120
loa] = 0 < 0110w = E = 80.0 ksi (O.K!) 4—(_»--;

‘Ul‘ = Oallow

R

450 _ 120
@ 15
a = 1.78in. Ans.

10-66. Derive an expression for an equivalent torque 7',
that, if applied alone to a solid bar with a circular cross
section, would cause the same energy of distortion as
the combination of an applied bending moment M and

torque 7.
_T.c
T

Principal stress:

o =1, 0y=-—T

1+v
Ua ="3p (0f — o103 + 03)

I U 3T§c2>
(ua)1 = 3E (37 = 3E < 72

Bending moment and torsion:

_Mc, _Tc
T T

Principal stress:

o+0 <a’-0)2 )
0'1_2: + + 7

2

0_2

g
o=+ 7+7_2; o, =
2 4
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10-66. Continued

&

s

Il
SRS
S~

ot=ad+b +2ab
ooy =a® — b

o3=a>+b —2ab

ot — ooy + 03 =30 +

1+v
Ua =3¢ (o1 = o105 + 03)
1+v 5 ) 1+v<30’z ) 0_2)
= + = 22 4 + =
(ta)2 3E (Bb a) 3E 4 37 4

1+v, , ) c2(1+v)(M2 3T2>
= + = 7 — 4+ —
3 (O T3T) 3E \P P
()1 = (uq)2

Sl +v)3T,2 A1 +v) (M2 3T2)
= — + =
3E J? 3E I? J?

For circular shaft

J 5 5
1_%c4_

J> M? 2
Te=Np5*T

T, =, /%M2 + T2 Ans.

10-67. Derive an expression for an equivalent bending
moment M, that, if applied alone to a solid bar with a
circular cross section, would cause the same energy of
distortion as the combination of an applied bending
moment M and torque 7.

Principal stresses:

M,c
o= R gy, =0
1+v
e =3 (o1 = o103 + 03)
1+v M§C2>
— - 1
wn =5 (M &)
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10-67. Continued

Principal stress:

o+0 ag—0\
g1 = 5 + 5 + 7

o o2 o 2
0'1=5+ %-&-72; a'2=§— %-&-72

Distortion Energy:

Leta:%,b: T+ q2

o3=a+b —2ab

03— ooy + 03 =30 +

M c Tc
Applyo == T =
@) 1+V(3b2+a2) 1+v<0'2+30'2+3 2)
= = 0 - T
727 3E 3E \ 4 4
lL+v 1+ v/ M 3Tzcz>
= +37%) = + 2
3E @ ™) 3E<12 7 @
Equating Eq. (1) and (2) yields:
a+v) (M(_,&) 1+v <M2c2 3T2c2>
= +
3E I? 3E I? J?
MZ  M' 3T?
et
I 2
M;=M"+ 3T2<7>
J
For circular shaft
1_5¢ 1
J gc“ 2
2
Hence, M2 = M?> + 3 TZ( )
— 2 3 2
M,= .M +ZT Ans.

799



10 Solutions 46060 6/8/10 3:15 PM Page 800 $

© 2010 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.

*10-68. The short concrete cylinder having a diameter of
50 mm is subjected to a torque of 500 N-m and an axial

2 kN
compressive force of 2 kN. Determine if it fails according to
the maximum-normal-stress theory. The ultimate stress of QSOO N-m

the concrete is oy = 28 MPa.

op =50 + 197.23 = 247 MPa

o, = 50 — 197.23 = —147 MPa

Yes.

A= 7005 = 1963510 ) m? <00 Nem
J= g(o.ozs)4 = 0.61359(10"*) m*
P 2(10°
P 209 o mpa
A 1.9635(107°)
T 500(0.025
_Te _ S00025) 200 vipa rons it
J0.61359(107%) £o-d7 WP
o, =0 oy, = —1.019 MPa Tyy = 20.372 MPa !
o+t o, T — 0,\2
g1 = X2 ):t ( Xz y) +Txy2
0-1.018 0 —(—1.019)\2
010 = + \/ ( ) + 20.372%
’ 2 2
o1 = 19.87 MPa o, = —20.89 MPa
Failure criteria:
loy| < oa = 28 MPa OK
loy] < o4 = 28 MPa OK
No. Ans.
¢10-69. Cast iron when tested in tension and compression 120 MPa
has an ultimate strength of (o), = 280 MPa and
(ou)e = 420 MPa, respectively. Also, when subjected to 5
. . . . 100 MPa
pure torsion it can sustain an ultimate shear stress of
Tar = 168 MPa. Plot the Mohr’s circles for each case and
establish the failure envelope. If a part made of this 220 MPa
material is subjected to the state of plane stress shown,
determine if it fails according to Mohr’s failure criterion.
—_—t

The principal stress coordinate is located at point A which is outside the shaded
region. Therefore the material fails according to Mohr’s failure criterion.

Ans.
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10-69. Continued

80

@- s

o

TRl [ -4z0
"5 i

.
2
,—L‘Hfﬁ

10-70. Derive an expression for an equivalent bending
moment M, that, if applied alone to a solid bar with a
circular cross section, would cause the same maximum
shear stress as the combination of an applied moment M
and torque 7. Assume that the principal stresses are of
opposite algebraic signs.

Bending and Torsion:

_Mc_Mc_ 4M _Tc _Tc 2T
7 1 Tt owd T 5t o

The principal stresses:

oy = Oy, 0x70y2+72=%+0i %_OZ“L(ZT)Z
1,2 2 2 Xy 2 2 7TC3

2M 2 3
:73:(:73 M2+T2
e

e

2
}§§=01—02=2{ﬁ VM2+T2} 1)

Pure bending:
Mc M,c 4M, 0
o= —= = : o, =
! 1 T I 7l 2
4M
T e
B @)

Equating Eq. (1) and (2) yields:

4 4M
—= VM +T? = —

e e

M, =M+ T? Ans.
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10-71. The components of plane stress at a critical point 60 MPa
on an A-36 steel shell are shown. Determine if failure
(vielding) has occurred on the basis of the maximum-shear-

stress theory. 40 MPa

In accordance to the established sign convention, o, = 70 MPa, o, = —60 MPa and
Tyy = 40 MPa.

Oy + o, Oy = 0y\2 ) -
o1 = 5 + 5 + Ty

_ 70+ (=60) | \/[70 —2(—60)]2 o

70 MPa

2
=5+ V5825
o1 = 81.32 MPa o, = —71.32 MPa
In this case, o and o, have opposite sign. Thus,
loy = o5 = [81.32 — (=71.32)| = 152.64 MPa < o, = 250 MPa

Based on this result, the steel shell does not yield according to the maximum shear
stress theory.

#10-72. The components of plane stress at a critical point 60 MPa
on an A-36 steel shell are shown. Determine if failure

(yielding) has occurred on the basis of the maximum- N
distortion-energy theory.

40 MPa

In accordance to the established sign convention, o, = 70 MPa, o, = —60 MPa and
Tyy = 40 MPa.

oyt oy Oy — 0y\2 ) -
01,2 = B + B T Ty

_7 +2(—60) . \/[70 72(760)}2 4402

=5+ V5825

o, = 81.32 MPa o, = —71.32 MPa

70 MPa

012 — 010, + 07 = 81.322 — 81.32(-71.32) + (=71.32)* = 17,500 < &,* = 62500

Based on this result, the steel shell does not yield according to the maximum
distortion energy theory.
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¢10-73. If the 2-in. diameter shaft is made from brittle
material having an ultimate strength of o, = 50 ksi for
both tension and compression, determine if the shaft fails
according to the maximum-normal-stress theory. Use a
factor of safety of 1.5 against rupture.

Normal Stress and Shear Stresses. The cross-sectional area and polar moment of
inertia of the shaft’s cross-section are

A = n(12) = min? =214 =Tt

[\

The normal stress is caused by axial stress.

s=N_ —% = —9.549 ksi -7.547 kfc'

A
The shear stress is contributed by torsional shear stress. 3 '
‘ 0 56 Kéu
4(12)(1
_Tc_ w = 30.56 ksi
J T

7 (a)

2

The state of stress at the points on the surface of the shaft is represented on the
element shown in Fig. a.

In-Plane Principal Stress. o, = —9.549 ksi, o, = 0 and 7,, = —30.56 ksi. We have

o, toy oy = 0,\2 5
OL2= 5 * < ) T Ty

—9.549 + 0 N \/<—9.549 -0

2
+ (—30.56)*
; )+ (-056)

= (=4.775 £ 30.929) ksi

o) = 26.15ksi oy = —35.70ksi

Maximum Normal-Stress Theory.

Oy 50 .
Caliow = FS‘ =15 = 33Bksi
o] = 2615 ksi < oy = 33.33 ksi (OK.)
os| = 35.70 ksi > oon = 33.33 ksi (N.G.)

Based on these results, the material fails according to the maximum normal-stress
theory.
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10-74. 1If the 2-in. diameter shaft is made from cast
iron having tensile and compressive ultimate strengths
of (o), =50ksi and (o). =75 ksi, respectively,
determine if the shaft fails in accordance with Mohr’s
failure criterion.

Normal Stress and Shear Stresses. The cross-sectional area and polar moment of
inertia of the shaft’s cross-section are

A=) = 7in? J=7(1) = Jin*

The normal stress is contributed by axial stress.

N 30 .
g = Z = —; = —9.549 ksi

The shear stress is contributed by torsional shear stress.

_ T _4012)(1)

=7 = 30.56 ksi

2

The state of stress at the points on the surface of the shaft is represented on the
element shown in Fig. a.

In-Plane Principal Stress. o, = —9.549 ksi, o, = 0,and 7, = —30.56 ksi. We have

o, t oy Oy — 0y\2
0—1,2: + "”T,(y2

2 2

—9.549 + 0 n \/< —9.549 — 0

2
+ (=30.56)
> > ) (—30.56)
= (=4.775 £ 30.929) ksi

o) = 26.15 ksi oy = —35.70ksi

Mohr’s Failure Criteria. As shown in Fig. b, the coordinates of point A, which
represent the principal stresses, are located inside the shaded region. Therefore, the
material does not fail according to Mohr’s failure criteria.

9549 K5¢
| %

3056 Ko

s X
— [, (kst)

3570
A

()

g
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10-75. If the A-36 steel pipe has outer and inner
diameters of 30 mm and 20 mm, respectively, determine the
factor of safety against yielding of the material at point A
according to the maximum-shear-stress theory.

Internal Loadings. Considering the equilibrium of the free - body diagram of the
post’s right cut segment Fig. a,

SF,=0; V,+900— 900 =0 V,=0

SM,=0; T +900(0.4) = 0 T = —360N-m

SM, = 0; M, + 900(0.15) — 900(0.25) = 0 M, = 90N -m

Section Properties. The moment of inertia about the z axis and the polar moment of
inertia of the pipe’s cross section are

I, = %(0.0154 - 0.01*) = 10.156257(10~°) m*

J= %(0.0154 - 0.01%) = 20.31257(10°) m*

Normal Stress and Shear Stress. The normal stress is contributed by bending stress.
Thus,

My, 90(0.015)
O-Y = - =

- = —4231MPa
I 10.156257(10°)

The shear stress is contributed by torsional shear stress.

- 360(0.015
_Te_ 300001 _ oy 65 mpa

7 2031257(107°)

The state of stress at point A is represented by the two - dimensional element shown
in Fig. b.

In - Plane Principal Stress. 0, = —42.31 MPa,o, = O and 7,, = 84.62 MPa. We have

o, T o, o, — 0;\2 )
01,2 = 2 + 2 + Txz

—4231 + 0 4 \/(—42.31 -0

2+84622
2 2 > )

= (~21.16 + 87.23) MPa

o) = 66.07 MPa o, = —108.38 MPa
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10-75. Continued

Maximum Shear Stress Theory. 0| and o, have opposite signs. This requires
|U] - 0‘2' = Oallow
66.07 — (—108.38) = o ajiow

Calow = 174.45 MPa

The factor of safety is

oy 250

F.S. = - 143 Ans.
Catow 17445 s

\ /6.2 Mba

B4

b HesIMB~,
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*10-76. If the A-36 steel pipe has an outer and inner
diameter of 30 mm and 20 mm, respectively, determine the
factor of safety against yielding of the material at point A
according to the maximum-distortion-energy theory.

Internal Loadings: Considering the equilibrium of the free - body diagram of the
pipe’s right cut segment Fig. a,

SF,=0; V,+900—900=0 V,=0
SM, = 0; T + 900(0.4) = 0 T = —360N-m
SM, = 0; M, + 900(0.15) — 900(0.25) = 0 M, = 90N -m

Section Properties. The moment of inertia about the z axis and the polar moment of
inertia of the pipe’s cross section are

I, = %(0.0154 - 0.01*) = 10.156257(10~°) m*

I= 5(00154 - 0.01%) = 20.31257(10°) m*

Normal Stress and Shear Stress. The normal stress is caused by bending stress. Thus,

My, 90(0.015)
oy = — =

———————— = —4231MPa
I, 10.156257(107°)

The shear stress is caused by torsional stress.

360(0.015
_Te_ 3600015 _ o) o Mpa

7 2031257(10°°)

The state of stress at point A is represented by the two -dimensional element shown
in Fig. b.

In - Plane Principal Stress. 0, = —42.31 MPa,o, = O and 7, = 84.62 MPa. We have

o, t o, T, — 0;\2
o1, = + + szz

2 2

—4231 + 0 \/(—42.31 -0
+

2+84622
2 2 ) :

= (~21.16 + 87.23) MPa

oy = 66.07 MPa o, = —108.38 MPa
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10-76. Continued

Maximum Distortion Energy Theory.
012 = 0105 + 057 = Thon”
66.07% — 66.07(—108.38) + (—108.38)> = 0 yuow>

Callow = 152.55 MPa

Thus, the factor of safety is

oy 250

F.S. = =———=1.64 Ans.

T allow 152.55

\ /éz Mba

84

b HesIMB~,
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¢10-77. The element is subjected to the stresses shown. If 12 ksi
oy = 36 ksi, determine the factor of safety for the loading
based on the maximum-shear-stress theory.

o, =4ksi o,=—12ksi 7, = —8ksi

oyt oy Oy — 0y\2 5 4 ksi
g1,2 = B + ) + Txy

_4 —212 N \/(4 - (2—12)>2  (-8y

oy =7314ksi o, = —15314 ksi

—* . 8ksi

o) — oy 1314 - (-15314)

Tabspa = P = 5 = 11.314 ksi
oy 36 .
Tallow — 7 = ) = 18 ksi
FS. = Tallow _ 18 ~ 159 Ans.

Tabs 11314

10-78. Solve Prob. 10-77 using the maximum-distortion- 12 ksi
energy theory.
-
o, = 4ksi o, = —12ksi Ty = —8ksi
o+ o, o — 0,\2 4 ksi
g1 = 5 }i ( 5 y) +T§.y
8 ksi
_ — (= 2 —r 5
_4 212 N \/(4 (2 12)) T (-8

oy = 7314ksi oy = —15314ksi

2 2 oy \’
01" — 010, T 0y :<ﬁ>

_ 36
F8. = \/(7.314)2 — (7.314)(—15.314) + (—15.314)?

= 1.80 Ans.
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10-79. The yield stress for heat-treated beryllium copper
is oy = 130 ksi. If this material is subjected to plane stress
and elastic failure occurs when one principal stress is 145 ksi,
what is the smallest magnitude of the other principal stress?
Use the maximum-distortion-energy theory.

Maximum Distortion Energy Theory : With | = 145 ksi,
o‘% — o010, + 0'%2 0'%/
145% — 1450, + o} = 130?

o3 — 1450, + 4125 =0

—(—145) £ V/(—145)2 — 4(1)(4125)
2(1)

gy =

72.5 + 33.634

Choose the smaller root, o, = 38.9 ksi Ans.

*#10-80. The plate is made of hard copper, which yields at
oy = 105 ksi. Using the maximum-shear-stress theory,
determine the tensile stress o, that can be applied to the
plate if a tensile stress o, = 0.50, is also applied.

_1
01 = Oy o) = B Oy
o] = oy
o, = 105 ksi Ans.
¢10-81. Solve Prob. 10-80 using the maximum-distortion- o, =050,
energy theory. ]
o, = x Tx
)
0'%70'1021‘0'%:0%

2 0_2

o
ot —?X—&-TX: (105)Z

o, = 121 ksi Ans.
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10-82. The state of stress acting at a critical point on the
seat frame of an automobile during a crash is shown in the
figure. Determine the smallest yield stress for a steel that
can be selected for the member, based on the maximum-
shear-stress theory.

Normal and Shear Stress: In accordance with the sign convention.
o, = 80 ksi o, =0 Tyy = 25 ksi

In - Plane Principal Stress: Applying Eq. 9-5.

oyt o, Ty~ 0y)\2 )
0'172 = B + < + Txy

— 2
_80+0 <80 0>+252

2 2
= 40 + 47.170
oy = 87.170 ksi o, = —7.170 ksi

Maximum Shear Stress Theory: o\ and o, have opposite signs so
loy = ool = oy
[87.170 — (=7.170)| = oy

oy = 94.3 ksi Ans.

10-83. Solve Prob. 10-82 using the maximum-distortion-
energy theory.

Normal and Shear Stress: In accordance with the sign convention.

o, = 80 ksi o,=0 Tyy = 25 ksi

y

In - Plane Principal Stress: Applying Eq. 9-5.

Ux+0-y Oy — O 2 2
o1y = B + 5 + Ty

— 2
_80+0 <80 0>+252

2 2
=40 + 47.170
o) = 87.170 ksi o, = —7.170 ksi

Maximum Distortion Energy Theory:
(T% — 010, + o‘% = o‘%

87.170? — 87.170(-7.170) + (—7.170)> = o}

oy = 91.0 ksi Ans.
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*10-84. A bar with a circular cross-sectional area is made
of SAE 1045 carbon steel having a yield stress of
oy = 150ksi. If the bar is subjected to a torque of
30 kip - in. and a bending moment of 56 kip - in., determine
the required diameter of the bar according to the
maximum-distortion-energy theory. Use a factor of safety
of 2 with respect to yielding.

Normal and Shear Stresses: Applying the flexure and torsion formulas.

Me _ 56(3) 1792

d +80
Tc  30(5) 480 =
== = i
o 5 7
—
The critical state of stress is shown in Fig. (a) or (b), where )
1792 B 480
TTad T TeTIE
In - Plane Principal Stresses : Applying Eq. 9-5, A0
o, + o, g, — 0,\2 _+ +_,_7_g§
T ( 2 y) * 7 i
(D]
1792 1792
:’"‘S-H)i\/”d3 02+<@>2
2 2 wd®
896  1016.47
=5 3
wd d’
1912.47 120.47
g = gy = —
! wd® z wd?

Maximum Distortion Energy Theory :

2 2_ 2
o1 — 010, + 03 = Ojlow

<1912A47>2 B (1912.47)( 120.47) . (_ 120.47)2 _ (@)2
wd’ wd’ wd’ wd’ 2

d = 230in. Ans.
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¢10-85. The state of stress acting at a critical point on a
machine element is shown in the figure. Determine the
smallest yield stress for a steel that might be selected for the
part, based on the maximum-shear-stress theory.

10 ksi
The Principal stresses: — ks
- Ox ; 9 (‘Tx ; Uy>2 2 l T 8 ksi
i .
_8 —210 N <8 - (2*10)>2 2

oy = 8.8489 ksi o, = —10.8489 ksi

Maximum shear stress theory: Both principal stresses have opposite sign. hence,
loy — oo = oy 8.8489 — (—10.8489) = oy

oy = 19.7 ksi Ans.

10-86. The principal stresses acting at a point on a thin-
walled cylindrical pressure vessel are oy = pr/t, o, = pr/2t,
and o3 = 0. If the yield stress is oy, determine the maximum
value of p based on (a) the maximum-shear-stress theory and
(b) the maximum-distortion-energy theory.

a) Maximum Shear Stress Theory: o\ and o, have the same signs, then

B pr| 2
|0-2|_0-y E =0y p_70-y
pr t
loy| = o, Tl = p=_0y (Controls!) Ans.

b) Maximum Distortion Energy Theory :

(T% — 010, + 0'%:0'%/

(5 - (G- (G) -

p=—_-o0
\Vir v

Ans.
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10-87. If a solid shaft having a diameter d is subjected to T

a torque T and moment M, show that by the maximum- M ‘ ﬁ‘ /\ ‘ M
shear-stress theory the maximum allowable shear stress is ( [ K \ \\’
Tallow = (16/7rd3)\ /M? + T?. Assume the principal stresses \‘ \\ // - }l ‘ D

to be of opposite algebraic signs.

Section properties :

,:z<i>4:ﬂi‘. ,:z<é>4:ﬂ“
4\2 64 ° 2\2 32
Thus,
LM _MG) _nMm

I nd! wd’
Tﬁng(%)fmr

J % wd?

The principal stresses :

oyt oy Oy — 0y\2 5
0'1‘2 = + + Txy

2 2

16 M 16 M \? 16T\ _16M | 16
=2+~ —=) = + VM + T?
T d’ <wd3> (wd3> &3

ad’ T

Assume o and o, have opposite sign, hence,

A6/ 7]

o — 0y ad 16  —5—=
Tallow — 2 = 2 = ﬁ MZ + TZ QED
*10-88. If a solid shaft having a diameter d is subjected to a T

/
N

torque T and moment M, show that by the maximum-normal-

stress theory the maximum allowable principal stress is

Taitow = (16/7d>) (M + V/ M? + T?).

P
AN
N

~—
~Zr

Ve

Section properties :

4 4
I=7Td; ]:7Td
64 32
Stress components :
Mc M@ nM  Tc TG 16T
T T nd T a7 T T d

The principal stresses :

o to, Oy — 0,\2 5 %*—0 3:;21—02 16 T\2
Tgip = 5 + 2 t Ty = > + 3 + md

16 M 16
= + —d3VM2 + 712
w

wd

Maximum normal stress theory. Assume oy > o,

Tallow = 01 = 16]\;4 + 162 VM? + T?
T d T d
1
6 M+ VM? + T QED

:7Td3
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¢10-89. The shaft consists of a solid segment AB and a
hollow segment BC, which are rigidly joined by the
coupling at B. If the shaft is made from A-36 steel,
determine the maximum torque 7 that can be applied
according to the maximum-shear-stress theory. Use a factor
of safety of 1.5 against yielding.

Shear Stress: This is a case of pure shear, and the shear stress is contributed by

torsion. For the hollow segment, J;, = g(O.OS4 - 0.044) = 1.845#(10’6) m* Thus,

Te,  T(0.05)

= 8626287
T 1.8457(1079)

(Tmax)h =

For the solid segment, J; = g (0.044) = 1,2877(10’6) m* Thus, ' 4?4'7/67-

Te,  T(0.04)
(Tmax)x = 7 = 7—6
s 128a(1079)

= 9947.18T

By comparision, the points on the surface of the solid segment are critical and their
state of stress is represented on the element shown in Fig. a.

()

In - Plane Principal Stress. 0, = o, = 0 and 7, = 9947.18T. We have

oyt oy Oy — 0y\2 )
g1 = + + TXY

2 2

+ _ 2
_0 5 0, \/ <02—O> + (9947.18T)?

oy = 9947.18T o, = —9947.18T

Maximum Shear Stress Theory.

o 250
Callow = ﬁ =75 = 166.67MPa

Since o and o, have opposite sings,
oy — o2l = Tatow
9947.18T — (—9947.18T) = 166.67(10°)

T = 837758 N-m = 838kN-m Ans.
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10-90. The shaft consists of a solid segment AB and a
hollow segment BC, which are rigidly joined by the
coupling at B. If the shaft is made from A-36 steel,
determine the maximum torque 7 that can be applied
according to the maximum-distortion-energy theory. Use a
factor of safety of 1.5 against yielding.

Shear Stress. This is a case of pure shear, and the shear stress is contributed by

torsion. For the hollow segment, J,, = % (0,054 — 0.044) = 1,84577(10_") m*. Thus,

Te,  T(0.05)

= ————— = 8626.28T
T 1.8457(107°)

(Tmax)h =

For the solid segment, J, = %(0.044) = 1.2877(10'6) m*. Thus,

Te,  T(0.04)
(Tmag)s = = = —————— = 9947.18T
Js 1287(1079)

By comparision, the points on the surface of the solid segment are critical and their
state of stress is represented on the element shown in Fig. a.

In - Plane Principal Stress. o, = o, = 0 and 7, = 9947.18T. We have

oyt oy oy~ 0y\2 )
O'Lz = 2 + ) + Txy

_ 2
_0 ; 0, \/ <¥> + (9947.18T)?

o = 9947.18T o, = —9947.18T

Maximum Distortion Energy Theory.

_ oy _ 250 _
Caiow = g = 15 = 16667 MPa

Then,
o = oo + 02 = oy’
(9947.18T)> — (9947.18T)(—9947.18T) + (—9947.18T)* = [166.67(10°) ]

T = 9673.60N-m = 9.67 kN-m Ans.
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10-91. The internal loadings at a critical section along the
steel drive shaft of a ship are calculated to be a torque of
2300 1b-ft, a bending moment of 1500 Ib - ft, and an axial
thrust of 2500 1b. If the yield points for tension and shear are
oy = 100 ksi and 7y = 50 ksi, respectively, determine the
required diameter of the shaft using the maximum-shear-
stress theory.

1500 Ib-ft
- 2300 Ib-ft
2500 1b
A=mc 1:%64 ngc4
_P Mc_ _<2500 N 1500(12)(c)) N _<2500 L2 000)
7474 1 ? %CA wc? wcd
Tc  2300(12)(c) 55200
TA = 7 = ! = 3
J = e
oyt oy [ )
g1 = 2 + ( 2 ) + Txy
_ 2500 ¢ + 72 000 2500c + 72 000\? 55200\?
= - . + 3 + 3 (&)
27 ¢ 27 ¢ T
Assume o and o, have opposite signs:
‘Ul - UZ' = Oy
2 + 72 2 200\2
2\/( 500c Z 000) R <55 (20) — 100(10%)
21 ¢’ e
(2500c¢ + 72000)> + 110400 = 10 000(10%)72
6.25¢* + 360c + 17372.16 — 10 0007* ¢® = 0
By trial and error:
¢ =0.750 57 in.
Substitute ¢ into Eq. (1):
oy = 22193 psi o, = —77807 psi
o1 and o, are of opposite signs OK
Therefore,
d = 1.50in. Ans.
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*10-92. The gas tank has an inner diameter of 1.50 m and

a wall thickness of 25 mm. If it is made from A-36 steel and ’_I:Il

the tank is pressured to 5 MPa, determine the factor of E\ i

safety against yielding using (a) the maximum-shear-stress t F
\

theory, and (b) the maximum-distortion-energy theory.

0.75
(a) Normal Stress. Since% =005 30 > 10, thin - wall analysis can be used. We have
_ _pr_5(0.75)
TSRS T o0 150 MPa
pr 5(0.75)

= 75 MPa

Oy =

Tlong = 51 T 2(0.025)
Maximum Shear Stress Theory. oy and o, have the sign. Thus,
ol = Tanow
Oalow = 150 MPa

The factor of safety is

oy 250 _
F.S. = p— =150 " 1.67 Ans.

(b) Maximum Distortion Energy Theory.
o> = 010y T 027 = Olow”
150% — 150(75) + 75% = Giiow’

Talow = 129.90 MPa

The factor of safety is

_ Oy _ 250 _
FS. = e 12990 1.92 Ans.
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¢10-93. The gas tank is made from A-36 steel and
has an inner diameter of 1.50 m. If the tank is designed
to withstand a pressure of 5 MPa, determine the required

minimum wall thickness to the nearest millimeter using ’_I:Il
(a) the maximum-shear-stress theory, and (b) maximum- ’\

distortion-energy theory. Apply a factor of safety of 1.5
against yielding. b

=
=

(a) Normal Stress. Assuming that thin - wall analysis is valid, we have
pr 5(10°)075)  3.75(10°)
t t t

pr 5(10°)075)  1.875(10°)

o =g =P
27 Tlong ™ o 2 ¢

=0, =

g1

Maximum Shear Stress Theory.

250(10°)
_ 9 _ _ 6
Taow = g = 5 = 166.67(10°)Pa
o and o, have the same sign. Thus,
Ia_ll = Oallow
3.75(10°
373(107)_ 166.67(10°)
t =0.0225 m = 225mm Ans.
. r 0.75 . .. .
R = 3> - .
Smcet 00225 333 10, thin - wall analysis is valid

(b) Maximum Distortion Energy Theory.
oy 250(10°)

Tilow = g =15 = 166.67(10°)Pa
Thus,
01 = 0100 + 027 = Oy’
2
3.75(10° 3.75(10°) || 1.875(10° 1.875(10° 2
1) | 1) (1) + (107 = {166.67(106)]
t t t t
3.2476(10°
324760107 _ 166.67(10°)
t=0019499 m = 19.5mm Ans.
Since% = 0'8'1795 19 38.5 > 10, thin - wall analysis is valid.
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10-94. A thin-walled spherical pressure vessel has an
inner radius r, thickness #, and is subjected to an internal
pressure p. If the material constants are E and v, determine
the strain in the circumferential direction in terms of the
stated parameters.

_pr
T

g = 02

slzszzs:E((f—va)

_low o Lowipry e
e=—fp o= <2t>_2Et(1 v) Ans.

10-95. The strain at point A on the shell has components
€, = 250(107°), €, = 400(107%), y,, = 275(107%), €, = 0.
Determine (a) the principal strains at A, (b) the maximum
shear strain in the x—y plane, and (c) the absolute maximum
shear strain.

-6 —6 _6 7xy _s
£, =250(107°) &, =400(10°°) ., =275(107%) = =137.5(107°)

A(250,137.5)107%  (C(325,0)10°°

R = (\/ (325 — 250)% + (137.5)2>1o*6 = 156.62(107%)

a)

8 = (325 + 156.62)10 ¢ = 482(10°%) Ans.
& = (325 — 156.62)107% = 168(107%) Ans.
b)

Vn;ﬂ = 2R = 2(156.62)(10°) = 313(107%) Ans.
c)

Yaos _ 4820107

2 2
yr%gsx = 482(107°) Ans.

T
£(325,0) o =
[
I & 7/ R F i !, Jar— ¢
Sty ol

Al2gG 78I
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*10-96. The principal plane stresses acting at a point are 100 MPa
shown in the figure. If the material is machine steel having a
yield stress of oy = 500 MPa, determine the factor of

safety with respect to yielding if the maximum-shear-stress
theory is considered.

I [<«<—150 MPa

Have, the in plane principal stresses are

oy = o, = 100 MPa oy = o, = —150 MPa

Since o and o, have same sign,

Ty 500
F.S = = =2 Ans.
o1 — oal 1100 = (~150)] "
¢10-97. The components of plane stress at a critical point 340 MPa

on a thin steel shell are shown. Determine if failure
(vielding) has occurred on the basis of the maximum-
distortion-energy theory. The yield stress for the steel is
oy = 650 MPa.

——> 65MPa

55 MPa

o,=-55MPa  o,=340MPa 7, = 65MPa

oyt oy Oy — 0y\2 R
0'1,2 = P + < 2 + Txy

_ _ _ 2
_ 552+340i\/( 55234()) e

oy =35042MPa o, = —65.42 MPa
(01 = 0105 + 0,) = [350.42% — 350.42(—65.42) + (—65.42)%]
=150 000 < o} = 422 500 OK

No. Ans.
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10-98. The 60° strain rosette is mounted on a beam.
The following readings are obtained for each gauge:
€, = 600(107°), €, = —700(10°%), and e, = 350(10°°).
Determine (a) the in-plane principal strains and (b) the
maximum in-plane shear strain and average normal strain. In
each case show the deformed element due to these strains.

Strain Rosettes (60°): Applying Eq. 10-15 with e, = 600(10‘6),

ey = —700(107°), &, = 350(107°), 6, = 150°,6, = —150° and §, = —90°,

350(10’6> = g, cos® (—90°) + £y sin?(—90°) + Yy sin (—90°) cos (—90°)
e, = 350(10°°)

600(107%) = &, cos> 150° + 350(107°) sin® 150° + ., sin 150° cos 150°

5125(107°) = 0.75 &, — 04330y, [

=700(107%) = &, cos? (—150°) + 350(107%) sin*(~150°) + y,, sin (—150°) cos (—150°)

~787.5(107) = 0.75¢, + 0.4330 y,, 121

Solving Eq. [1] and [2] yields e, = —183.33(107%)  y,, = —1501.11(107°)

Construction of she Circle: With e, = —18333(10°°), &, = 350(10°), and
yxy 6
= —750.56(10°).

= ; & _ <—183.3; + 350>(10,6) _ $33(109) Ans.

The coordinates for reference points A and C are
A(-183.33, -750.56)(10°)  €(83.33,0)(10°°)

The radius of the circle is

R = <\/(183.33 + 8333)2 + 750.562>(10’6) = 796.52(10°°)
a)

In-plane Principal Strain: The coordinates of points B and D represent ¢; and &,
respectively.

e = (83.33 + 796.52)(10°°) = 880(10°°) Ans.

e = (8333 — 796.52)(107°) = —713(10°) Ans.

Orientation of Principal Strain: From the circle,

750.56 o
tan 20p; = m = 2.8145 20p, = 70.44

20p1 = 180° — 20p2

180° — 70.44°

0
r 2

= 54.8° (Clockwise) Ans.
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10-98. Continued

b)
Maximum In - Plane Shear Strain: Represented by the coordinates of point £ on
the circle.
e _ g = 79 52(10°°)
, = .
Yamithe = —1593(107°) Ans.

Orientation of Maximum In-Plane Shear Strain: From the circle.

183.33 + 83.33
tan 260p = W = 0.3553

0p = 9.78° (Clockwise) Ans.

10-99. A strain gauge forms an angle of 45° with the axis

of the 50-mm diameter shaft. If it gives a reading of

e = —200(10°°) when the torque T is applied to the shaft,

determine the magnitude of T. The shaft is made from T \'
A-36 steel.

Shear Stress. This is a case of pure shear, and the shear stress developed is

Z (0.025*) = 0.19531257(10~%) m*.

contributed by torsional shear stress. Here, J = 2

Then

Tc 7(0.025) 0.128(10°)7
T = =

;- 0.19531257(10°°) m

The state of stress at points on the surface of the shaft can be represented by the
element shown in Fig. a.

Shear Strain: For pure shear &, = &, = 0. We obtain,
£, = &,€08%0, + £, sin’6, + VxySing, coso,
—200(107°) = 0 + 0 + ., sin45° cos45°

Yuy = —400(10°°)

Shear Stress and Strain Relation: Applying Hooke’s Law for shear,

Tyy = G%rz Cﬂ)
_W = 75(10°)[ —400(107)]

ks

L 0RR8U0%)T
T«y’

T =736 N-m Ans.

823



10 Solutions 46060 6/8/10 3:15 PM Page 824 $

© 2010 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.

shown. If the strain gauges a and b at point A give readings
of €, =300(10"° and €, =175(10°°), determine the
magnitudes of P and P,.

*#10-100. The A-36 steel post is subjected to the forces lPl

> 4 in—~|
P,

TZ in.
. 21t —+
b 45 Tin.
A .
v Section ¢- ¢
c c
Internal Loadings: Considering the equilibrium of the free - body diagram of the !in-
post’s segment, Fig. a,
BIF. =0; P,—V =0 vV =r,
+12F, = 0; N-P =0 N = P,
C+3IMp = 0; M+ Py2) =0 M = 2P,
Section Properties: The cross - sectional area and the moment of inertia about the Pl
bending axis of the post’s cross - section are
A =4Q) = 8in’
@) ¥
I == @)(#) = 10667 in* o f
12
Referring to Fig. b, 2} } t
(0,)4 = xA" = 151)(2) = 3in?
Normal and Shear Stress: The normal stress is a combination of axial and bending ~ |
stress. V g
L
SN Mxa Py 20D s g 10sp M
TATAT T T 8 oes7 2T e

The shear stress is caused by transverse shear stress.

Vo, PG (&>
Ty = P 10.667(2) = 0.140625P,

Thus, the state of stress at point A is represented on the element shown in Fig. c.
Normal and Shear Strain: With 6, = 90° and 0, = 45°, we have
£, = £, 080, + £y sin’6, + v, ,sinf, cosf,

300(107%) = &, c0s?90° + &, sin’90° + ,,5in90° cos 90°

gy = 300(10_6>ab = g, cos’0), + &y sin’6, + Vx,Sin 6y cos by

175(107%) = &, cos?45° + 300(107°)sin®45° + v, sin 45°cos 45°

e+ vy = 50(107°) (1)

824



10 Solutions 46060 6/8/10 3:15 PM Page 825

—p—

© 2010 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.
10-100. Continued

Since o,

=0, = 0,8, = —ve, = —032(300)(10°°) = —96(10°)
Then Eq. (1) gives

Yoy = 146(107)

Stress and Strain Relation: Hooke’s Law for shear gives

Ty = nyy

0.140625P, = 11.0(10°)[146(10°)]

P, = 11.42kip = 11.4 kip

Ans.
Since o, = o, = 0, Hooke’s Law gives
o, = Ee

y

2.25(11.42) — 0.125P; = 29.0(10%)[300(107°)]
P, = 136 kip

Ans.

5%4-25& 01256,

¥ 3

Loy =0.406250,

©)

825




10 Solutions 46060 6/8/10 3:15 PM Page 826 $

© 2010 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.

10-101. A differential element is subjected to plane strain
that has the following components: €, = 950(107°), €, =
420(107°), v, = —325(107°). Use the strain-transformation
equations and determine (a) the principal strains and (b) the
maximum in-plane shear strain and the associated average
strain. In each case specify the orientation of the element
and show how the strains deform the element.

gt g, € — &y\2 )
‘91,2 = 2 + 2 + 7xy

_ {950 ; 420 \/(950 ; 420)2 N (—3225>2 }(1076)

& = 996(107°) Ans.
& = 374(107°) Ans.
Orientation of &; and &, :
tan 260p = Yo = —325
e — g, 950 — 420
0p = —15.76°, 74.24°

Use Eq. 10.5 to determine the direction of & and ¢,.

ey te & — ¢

y YX)' .

Ev = + cos 20 + - sin 20

0=0p=—1576°

+ 42 — 4 —325

gy = { 930 5 0, 950 5 0 cos (—31.52°) + (T) sin (—31.520)}(10*6) = 996(107%)
0p = —15.8° Ans.
Op, = 74.2° Ans.
b)
Y
in%ﬁne :\/ Ex T &y\? + h z

2 2 2

950 — 420\ [ =325\2] - _
Tmax = 2[\/ ( 5 ) + ( 5 ) ](10 6) = 622(107%) Ans.
ext ey 1950 + 420\ 6
Fag = 5 = 5 (107%) = 685(107°%) Ans.
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10-101. Continued

Orientation of 7y,

an 20 — —(er — &)  —(950 — 420)
M, T s

0p = 29.2° and 6p = 119° Ans.

Use Eq. 10.6 to determine the sign of *. max

in-plane *

P B Gn2g + 2 cos 2
B = ) s 5 cos
0=0p=292°
—(950 — 420 —
Yoy =2 % sin (58.4°) + L (58.4°) [(107%)

Yoy = —622(107°)

10-102. The state of plane strain on an element is

y
€, = 400(10°%), €, =200(10°), and v,, = —300(10°°).
Determine the equivalent state of strain on an element at
the same point oriented 30° clockwise with respect to the B dy¢ Lo
original element. Sketch the results on the element. ’ | T
Yoy [ |
Stress Transformation Equations: dy 2 ‘\
\
\
_ -6 - -6 — -6 - o !
e, = 400(107°) e, =200(107°) Vi = —300(107°) 6 = —30 SR IR
Yoof 7T
We obtain, 2
dx Je dx
e te, &gy Yxy
ey = > -+ cos 260 + > sin 260

400 + 200 400 — 200 -300
= [ 5 + 5 cos (—60°) + (T) sin (—60°)J(10’6)

= 480(107°) Ans.

T (B ) Gn 20+ 2 cos 20
= B sin ) COS

2

Yoy = [—(400 — 200) sin (=60°) + (—300) cos (—60°)](107°)

=232(10°°) Ans.
g, + €y &y — &y Yy |
ey = ) - > cos 260 — > sin 26
[ 400 +200 400 — 200 (7300 e
- [ 0 5 cos (—60°) (—2 >51n( 60 )J(lo )
= 120(1079) Ans.
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10-103. The state of plane strain on an element is y
€, = 400(107°), €, = 200(107%), and 1y,, = —300(107).

Determine the equivalent state of strain, which represents

(a) the principal strains, and (b) the maximum in-plane ! L _

: . . €,dy. - _

shear strain and the associated average normal strain. ’

Specify the orientation of the corresponding element at the e !
point with respect to the original element. Sketch the results dy 2 |
on the element. ! !

Construction of the Circle: &, = 400(107°), &, = 200(10*6),and% = —150(107°).
Thus,

- ; o <4OO ; 200)(10*6) =300(10°) Ans.

The coordinates for reference points A and the center C of the circle are
A(400, —150)(107) €(300, 0)(10°°)

The radius of the circle is

R =CA = V(400 — 300)* + (—150)* = 180.28(107°)
Using these results, the circle is shown in Fig. a.

In - Plane Principal Stresses: The coordinates of points B and D represent ¢; and &,,
respectively. Thus,

e = (300 + 180.28)(107°) = 480(10°°) Ans.
& = (300 — 180.28)(107°) = 120(10°°) Ans.
Orientation of Principal Plane: Referring to the geometry of the circle,

150

tan2(6,); = 400 — 300

1.5
(0,,) 1 = 28.2° (clockwise) Ans.

The deformed element for the state of principal strains is shown in Fig. b.

Maximum In - Plane Shear Stress: The coordinates of point E represent &,,, and

Ymax  Thus
in-plane
Y_maxl
in-plane -6
——— = —R = —180.28(10
> (107°)
Yy e = —361(1079) Ans.

Orientation of the Plane of Maximum In - Plane Shear Strain: Referring to the
geometry of the circle,

4 —
tan 26, = w = 0.6667

0s = 16.8° (counterclockwise) Ans.

The deformed element for the state of maximum in - plane shear strain is shown in
Fig. c.
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10-103. Continued

E(lo¢) r'y
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