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9-7. 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,

oy toy, oy o0y
oy = + cosf + 7,,sin 20

2 2

80+0 80 -0

= 2 + c0s270 + 45sin 270°
= —5MPa
o, — o,
Tyry = —Tsin() + 7,y cos 20

80 — 0
=T, sin270° + 45 cos 270°

40 MPa

45 MPa
E—
80 MPa
\45°
P —
Ty = 45 MPa A

Ans.
Ans.

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

indicated on the triangular element shown in Fig. b.

45MPa
8oMPba.

Ans:
oy = —5MPa, 7., = 40 MPa
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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.

o, = 45 MPa o, = —60 MPa T,y = 30 MPa
ot oy Tx = Oy\2
) 2=y \/(2) 1
_ 4 ; 60 \/(45 —2(—60))2 + (302
o = 53.0 MPa Ans.
o, = —68.0 MPa Ans.

Orientation of principal stress:

Txy _ 30
(0x —0a))/2 (45 = (=60))/2

tan 26, = = 0.5714

0, = 14.87°, ~75.13°

Use Eq. 9-1 to determine the principal plane of oy and o07,:

oyt oy o, — O
Oy = +

2 2

! cos 20 + 7, sin 26, where 6 = 14.87°

45 + (—60) . 45 — (—60)
h 2 2

c0s 29.74° + 305sin 29.74° = 53.0 MPa

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

_ (%x T 9\ 45 — (—60) 2
7o e V(g )+ 7 =(EE0Y 0 = 605 M

Ox T Oy 45+ (=60)

Oave = > > = —7.50 MPa Ans.
Orientation of maximum in-plane shear stress:
—(ox = 0))/2  —(45 — (—60))/2
tan 20, = —————— = Sl ) Y
Ty 30
0, = —30.1° Ans. and 6, = 59.9° Ans.

By observation, in order to preserve equilibrium along AB, 7., has to act in the
direction shown.

60 MPa

30 MPa

45 MPa

40.0Mpe ™ 75Mh

7SM
&8-0Mpa \Qgﬂ
i+ e

7.5rPa £3-0 MPa
Fo12, ”9°
&-5Hpy
b80mpa

Ans:

o, = 53.0 MPa, o, = —68.0 MPa,

0, = 14.9°and 0, = —75.1°,

Tavg = =150 MPa, 7, = 60.5 MPa,

in-plane

0, = —30.1° and 59.9°
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9-18. A point on a thin plate is subjected to the two
successive states of stress shown. Determine the resultant
state of stress represented on the element oriented as

shown on the right.

y

85 MPa 60 MPa JL,
r

45° \ 4

Y A=

N 3

85 MPa
For element a:
o, =0, =85MPa Ty =0 0 = —45°
o, + gy o, — O,
(0)a = 5 + 5 — cos26 + 7, sin26
8 +85 8 -85
= + cos (—90°) + 0 = 85 MPa
2 2
oyt o, Oy — 0y )
(0y)a = 2 + > cos 20 — 7, sin 20
85+85 85 —85 . 4P
= > - > cos (—90°) — 0 = 85 MPa @) 55
oy — O .
(Tvy)a = —% sin 260 + 7, cos 26 ‘l"
85 — 85
= sin (=90°) + 0 =0
For element b:
o, =0,=0 T,y = 60 MPa 0 = —60°
]
oyt oy Oy — 0y
(o) = + cos 20 + T, sin 20
2 2 ’
=0+ 0 + 60sin (=120°) = —51.96 MPa
oyt ooy Oy~ Oy )
(oy)p = 2 - 2 cos 20 — 7, sin 260
=0 — 0 — 60sin (—=120°) = 51.96 MPa
oy — 0y “
(Tey)p = T sin 20 — 7, cos 26 r U-f
85 — 85
= sin (—120°) + 60 cos (—120°) = —30 MPa — Tm'
G,
o, = (0¢)y + (oy), =85 + (=51.96) = 33.0 MPa Ans.
o, = (0y), + (0,), =285+ 5196 = 137 MPa Ans. L
il ———————
Ty = (Tyy)a T (Tey)p = 0 + (=30) = =30 MPa Ans.
b
Ans:

oy = 33.0 MPa, o, = 137 MPa, 7, = —30 MPa
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9-25. The wooden block will fail if the shear stress acting
along the grain is 550 psi. If the normal stress o, = 400 psi,
determine the necessary compressive stress o, that will
cause failure.

oy — 0,
(T) sin 20 + 7, cos 20

Tyy = =
400 — o,
550 = —( 2 )sin 296° + 0
o, = —824 psi
A

—— o, = 400 psi

Ans.

Ans:
o, = —824 psi

863




© 2014 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.

9-27. 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.

0 25 in.
T
0.25 in. 2 n
Internal Loadings: Consider the equilibrium of the free-body diagram of the 77
bracket’s left cut segment, Fig. a. Li‘ 025 in.
1in.
B IF, =0, N-3=0 N = 3kip
SMo = 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(Q2) — 0.75(1.5) = 0.875 in?

1
=5, M) - —(0 75)(1.5%) = 0.45573 in*

For point B,y = —1 in. Then

3 (—12)(—-1) .
- - - 2290k
7870875 045573 0 ksi

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

In - Plane Principal Stress: o, = —22.90ksi, oy, = 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:

oy — 0,\2 -22.90 — 0?2
- _ \/<y> + 10 = \/(> + 0> = 11.5ksi Ans.
B ane 2 2

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

(oo -a)2  (29-0p2
Ty h 0 B

tan 20, =

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

Substituting 6 = 45° into

Oy — 0,y
Tey = T sin20 + 7, cos 20

—-229 -0
= —% sin90° + 0

=115ksi =7

ma
hPlane

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

element defined by 6, = 45°.

Average Normal Stress:

o toy, —29+40
Tavg = — 5 - S = 1Lk

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

2.9 kst

SKel  |1okA
15K ||.5KA (15k5i

(<€)

Ans:
oy = 0,0y = —22.90ksi, Tqx = 11.5ksi,
6, = 45° and 135° in-plane
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9-33. The clamp bears down on the smooth surface at
E by tightening the bolt. If the tensile force in the bolt is S B
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.
50 mm
|
F 30mm[ 34
100 mm T ﬂ |
B N | ~—
25 mm
Support Reactions: As shown on FBD(a) 50 1) mm
Pp : . 4 mm
Internal Forces and Moment: As shown on FBD(b). .

Section Properties:
1 3 —6) .4
I =15(003) (005°) = 03125 (10™°) m

04=0
Qp = y'A’ = 0.0125(0.025)(0.03) = 9.375(10*6) m’

M
Normal Stress: Applying the flexure formula o = -
2.40(10%)(0.025)
op=——"——> = —-192 MPa
0.3125(107%)
2.40(10%)(0)
op= ——— 7 =
0.3125(107°)
. Vo
Shear Stress: Applying the shear formula 7 = I
24.0(10%)(0)
;= -
4 0.3125(1076)(0.03)
24.0(10%)(9.375(107°)
g = [ } = 24.0 MPa

0.3125(107%)(0.03)

In-Plane Principal Stresses: o, = 0,0
no shear stress acts on the element.

y = —192 MPa,and 7,, = 0 for point A. Since

o,=0,=0 Ans.

oy =0, = —192 MPa Ans.

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

oyt oy Oy — Oy\2 )
T12 = ) + ( B ) + Txy
=0+ V0 + (—24.0)

=0+ 240

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

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

Txy 240

20, =
tan 26, ((rx - ay>/2 0

0, = —45.0° and 45.0°

Substituting the results into Eq. 9-1 with § = —45.0° yields

oyt oy o, — O

oy = > + 2 * cos 26 + Ty SIN 20

=0 + 0 + [~24.0 sin (—90.0°)]

= 24.0 MPa = o,
Hence,
0, = —45.0° 0, = 45.0° Ans.
16-0 kN
03m
40 il b=t
ozZm
1]
Z4-0 o
VezsomdN
T
240 kw )

llql MPa
S 2.4.0MFar.
[ '
Point A Point 8
192 Mfa. 260MF
45.0
240 MPb Ans:
Point A Point 8 Point A: 0y = 0,0, = —192 MPa,

0,1 = 0, Opp = 90°,
Point B: oy = 24.0 MPa, 0, = —24.0 MPa,
0,1 = —45.0°,0,, = 45.0°
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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 501b/ft. If it is
subjected to a torque and axial load as shown, determine
(a) the principal stresses and (b) the maximum in-plane 300 Ib-t T
shear 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: By ——
A =" (3~ 25) = 0.6875m in’
4
T 4 4 -4
J == (15" = 125%) = 411721in .
2 /S0l
Normal Stress: R 800 Ib-f¢
_ N _ 2500 _ . 506)=(000 b
o= T 06875 1157.5 psi
Shear Stress: Applying the torsion formula.
T 800(12)(1.5
r=—= 74(11)7(2 ) 34975 psi Nezpooth
' (ll‘ T=800 Ibft

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

oyt o, Oy — 0y\2 5 -L»
= + + Ty

J12 = ) ) l I
E (—21157.5) . J(o - (—21157.5))2 + 4975y 34,,,,,‘._1;15”‘.
= —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-%‘fé’ﬁe = \/ (T) + 13y
0 — (-1157.5)\?
= \/<(2)> + (3497.5)*

= 3545 psi = 3.55 ksi Ans.

Ans:
oy = 297 ksi, 05 = —4.12 ksi, 7y, = 3.55 ksi

in-plane
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9-58. Determine the equivalent state of stress if an
element is oriented 25° counterclockwise from the element

shown.

A(0, —550) B(0, 550) C(0,0)
R =CA = CB =550

oy = —550sin 50° = —421 MPa

Tyy = —550 cos 50° = —354 MPa

oy = 550sin 50° = 421 MPa

Ans.

Ans.

Ans.

— > 550MPa

4(0,-550)

c(0,0)

IGE))

U, %y
8¢0,550)
Y(Mpa)

#21 Mba

364 MPa

421 Mo

Ans:
oy = —421 MPa, 7/, = —354 MPa,
oy = 421 MPa
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9-61. Draw Mohr’s circle that describes each of the following 5 MPa 20 ksi
states of stress. I
- > 5MPa —> le— 20 ksi
(a) (b)
7
i 18 MPa
T C

b) Zpksi
] s 7
Aﬁﬂﬂ)\‘ LT )‘g&,
AC2o0) B(€90) ¥
C(v,0)
‘) ﬁ(q-.fd J‘
— T

€L90) v

I

A(o,18) B(0,8)
{o,0)

&co,/8)

D
N
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9-65. 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 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.

Section Properties:

A = (02757 — 0.25?) = 0.0131257 in’

J == (0275" — 025%) = 2.84768(107%) in*

S

0.25
Normal Stress: Since L 0.025 = 10, thin wall analysis is valid.

N pr 200 500(0.25) )
LA LA + = 7350k
Tlong = 4 5 T 0.0131257 | 2(0.025) .

pr 500(0.25) .
Thoop = T = W = 5.00 ksi

Shear Stress: Applying the torsion formula,

_ Te _ 20(12)(0275)

= = 23.18 ksi
7 2.84768(10°) .

/ /
200 1b 200 Ib
N \
20 Ib-ft 20 1b-ft

b ow
|

L
a‘
§
z

Construction of the Circle: In accordance with the sign convention o, = 7.350 ksi,

oy, = 5.00 ksi,and 7, = —23.18 ksi. Hence,

Ox T oy 7350 + 5.00

Tavg = 5 > = 6.175 ksi
The coordinates for reference points A and C are
A(7.350, —23.18) C(6.175,0)

The radius of the circle is

R = V(7350 — 6.175)2 + 23.18% = 23.2065 ksi

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

respectively.
oy = 6.175 + 23.2065 = 29.4 ksi

oy = 6.175 — 232065 = —17.0 ksi

rd enre
Tuesi)
Ans.
Ans.
Ans:

o) = 29.4ksi, o, = —17.0 ksi
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9-75. If the box wrench is subjected to the 50 Ib force,
determine the principal stress and maximum in-plane shear
stress at point B on the cross section of the wrench at
section a—a. Specify the orientation of these states of stress

and indicate the results on elements at the point. S01b

Sectiona—a

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

SF, = 0; V,+50=0 V,=-50Ib
SM, = 0; T +50(12) =0 T = —6001b-in
SM, = 0; M,—-502)=0 M,=1001b-in

Section Properties: The moment of inertia about the z axis and the polar moment of
inertia of the wrench’s cross section are

I, = %(054) = 0.0156257 in*
™ 4 4
J = 705" = 0031257 in

Referring to Fig. b,
(Qy)B =0

Normal and Shear Stress: The normal stress is caused by the bending stress
due to M.,. 121‘

M_yg 100(0.5)

)
(@8 = =71 = Too1s625m L1k f &
-4 K—J

The shear stress at point B along the y axis is (74,)p = 0 since (Q,) 3. However, the
shear stress along the z axis is caused by torsion.

_ Tc _ 600(0.5) (b)

(Ty)p = 7 = 0,035, = 3.056 ksi

The state of stress at point B is represented by the two-dimensional element shown
in Fig. c.

% l.o1q
| A
£
-~ 2056

L.

l 05043 "
x © | () Tiks)

5 Ulks)

056 kse
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9-75. Continued

Construction of the Circle: 0, = —1.019ksi, o, = 0, and 7,, = —3.056 ksi. Thus,

Ox T oy —1.019 + 0
¥y B .
Tavg = > = 2 = —0.5093 ksi

The coordinates of reference point A and the center C of the circle are
A(—1.019, —3.056) C(—0.5093, 0)

Thus, the radius of the circle is

R=CA=\V[-1019 — (-0.5093)]> + (—3.056)> = 3.0979 ksi

Using these results, the circle is shown in Fig. d.

In-Plane Principal Stress: The coordinates of reference points B and D represent
o1 and o, respectively.

o1 = —0.5093 + 3.0979 = 2.59 ksi Ans.

o, = —0.5093 — 3.0979 = —3.61 ksi Ans.

Maximum In-Plane Shear Stress: The coordinates of point E represent the
maximum in-plane stress, Fig. a.

Tmax = R = 3.10 ksi Ans.

in-plane

Ans:
o = 259 ksi, o, = —3.61 ksi, 0, = —40.3°,
0pp =497, Tmax = 3.10ksi, 0 = 4.73°

in-plane
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9-90. 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 FF = 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°
r,= £ - 22010 _ 60.0(10°) N-m
w 15

Internal Torque and Force: As shown on FBD.

Section Properties:
- 2\ — 2
A = (025%) = 00156257 m

J =7 (0125%) = 0.3835(107) m*

Normal Stress:

N —1.23(10%
= A T 0015625, 206 MPa

Shear Stress: Applying the torsion formula.

Te  60.0(10%) (0.125
r=C= Lﬂ) = 19.56 MPa
J 0.3835 (107?)

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

Oy — 0y\?2
Tin-%ll%)x(le = \/(2) + Tiy
—-25.06 — 0\ 5
=75 ) +950)

= 23.2 MPa Ans.

N=1-23(108)N

ZS-%M_P-.J_ 1__
[9.56MPa <——
Ans:
T = 232MPa
in-plane
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9-93. Determine the equivalent state of stress if an
element is oriented 40° clockwise from the element shown.
Use Mohr’s circle.

A(6,0) B(-10,0) C(=2,0)
R=CA=CB=38

oy = =2+ 8cos80° = —0.611 ksi
Tyy = 85sin 80° = 7.88 ksi

oy = —2 — 8cos80° = —3.39 ksi

@"l’-";t r)

BEAR0) Ae,0)
2,8 V1% Fosi

(e, Tey) YVRST
Ju39 ksg
748 kst

40
041 KS¢

ll() ksi

——> 6 ksi

Ans.
Ans.
Ans.

Ans:

oy = —0.611ksi, 7,y = 7.88 ksi, o, =

—3.39 ksi
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9-94. The crane is used to support the 350-1b load.
Determine the principal stresses acting in the boom at
points A and B. The cross section is rectangular and has a
width of 6 in. and a thickness of 3 in. Use Mohr’s circle.

1
A = 6(3) = 18 in? I= E(3)(63) = 54in?

05 = (1.53)(3) = 13.5in®

04=0
For point A:
P My 59749 1750(12)(3) _ .
A= T 7 T 18 54 = —1200 psi
Ta = 0
o =0 Ans.
o, = —1200 psi = —1.20 ksi Ans.
For point B:
P 597.49 .
=TT g T —33.19 psi
VQOp  247.49(13.5)
= = = 20.62 psi
Tp It 54(3) 0.62 psi
A(—33.19, —20.62) B(0,20.62) C(—16.60, 0)
R = V16.60° + 20.62% = 26.47
o1 = —16.60 + 26.47 = 9.88 psi Ans.
0, = —16.60 — 26.47 = —43.1 psi Ans.

=

b I.h
37

—t — 200 05;

= 2462 PST

K\s
\ <lihb0p / Ul
L

B(g 206Z)

Tpsd)

A(-33.4-

Ans:
Point A: 0y = 0,0, = —1.20 ksi,
Point B: oy = 9.88 psi, 0, = —43.1 psi
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