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9-1. Prove that the sum of the normal stresses
o, + 0, =0, + o, is constant. See Figs. 9-2a and 9-2b.

h

—t—> 8ksi B

——> Sksi

40° Cf.t
4 '3 ksi ‘_'l' ’I—'qﬂ
Stress Transformation Equations: Applying Eqs. 9-1and 9-3 T
of the text 0} ,.C.‘,}, ,
g, +0, = d,:o,_'_c,;d, cos 26 +1,,sin 26 g

o, +0, 0,-0,

cos 26 -1, sin 26

0, +0, =05 +0, (Q.E.D.)

9-2. The state of stress at a point in a member is shown on
the element. Determine the stress components acting on
the inclined plane AB. Solve the problem using the method —t—> 8ksi B
of equilibrium described in Sec.9.1.

——> Sksi

40°
1
A
'3 ksi
X+ZF. =0  AF. +(8AAsin 40°)cos 40° — (5AAsin 40°)cos 50° — (3AAcos 40°)cos 40° +
(8AAcos 40°)cos 50° = 0
AF, =~4,0524A
/4EF, =0  AF,.~(8AAsin 40°)sin 40° — (5AAsin 40°) sin 50° + (3AAcos 40°)sin 40° +
(8AAcos 40°)sin 50° =0 '
AF, = -0.4044AA X gMsingo’
N\
A~
! AF, . Ar
[ =ln'nM_.o-A7 =-405ksi Ans AA-S'.W. M:" J
‘A ' kz-
4 7
il V- o
fy = “'“M-w% =-0404ksi  Ans ARCsas”  ousasso P “’f el
Jhacase0°

The negative signs indicate that the sense of 0, and %+ are opposite
to that shown on FBD
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9-3. The state of stress at a point in a member is shown on

the element. Determine the stress components acting on 200 psi
the inclined plane AB. Solve the problem using the method
of equilibrium described in Sec.9.1.
-~ —— 350 psi
50°
¥

Force Equilibrium: For the sectioned element, B

/+ LE. = 0;  AF,-350(AA sin 50°)sin 40°
- 200 (AA cos 50°)sin 50° =0

AF,, =270.82 AA
Y AA AA sin 50’

\+2 Fy=0; AF, -350(AA sin 50°) cos 40° 2
+200(AA cos 50°)cos 50° =0 AA ¢os 50°

AFy = 122.75 a4

Normal and Shear Stress: For ihe inclined plane.

. AF, .
Oy = llmAA-»Oﬂ' = 123 psi Ans

. AF,, .
Ty limas—0 A; = 271 psi Ans

200 8ACos50°

*9—4. The state of stress at a point in a member is shown

on the element. Determine the stress components acting on A 400 psi
the inclined plane AB. Solve the problem using the method

of equilibrium described in Sec. 9.1. T

— 650 psi

60°
¥

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

N+EF,. =0 AF,.—650(AAsin 60°)sin 30° — 400(AAcos 60°)sin 60° =0
AF,. =455 AA

AE,

o =hmAA-no AA

=-388psi Anms

AR _4sspsi Anms

Ty = AA-0 A4

440 Mcoséo*

‘The negative sign indicates that the sense of 0, is opposite to
that shown on FBD.
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9-5. The state of stress at a point in a member is shown on A
the element. Determine the stress components acting on 50 MPa
the inclined plane AB. Solve the problem using the method U
of equilibrium described in Sec. 9.1.
28 MPa
30°
60 MPa
tZF,: =0; AF, + 60 AA cos 30° cos 30° — 28AA cos 30° cos 60°
+ S50AA sin 30° cos 60° — 28 AA sin 30° cos 30° = 0 B
AF, = - 33.251AA
+V ZF, =0; AF, —28AA cos 30° sin 60° — 60AA cos 30°sin 30° Ahsingo ®
+ 50AA sin 30°sin 60° + 28AA sin 30°5in 30° = 0 i
AF, = 1833AA " B ances 30
0y = limasso é‘g— = - 333MPa Ans 2BMheins . 5° W5inzg ¢
A I
Ty = limM_.oA 2. = 18.3 MPa Ans AF.g’
6°AAC0.$ .
SR 1 2ancogy,.

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

9-6. The state of stress at a point in a member is shown on

the element. Determine the stress components acting on

the inclined plane AB. Solve the problem using the method 00 MPa

of equilibrium described in Sec.9.1. A

35 MPa
\tEF =0 - 50AAsin 30° cos 30° — 35AAsin 30° oos 60° + 3o
90AAcos 30° sin 30° +35AAcos 30° sin 60° =0 B
0 N
AF,. = -34.820A 50 MPa
Y+LF, =0  AF, —50AAsin 30° sin 30° + 35AAsin 30° sin 60° -
—90AAcos 30° cos 30° +35AA cos 30° cos 60° =0
AF, =49.69 AA Jo Az’
0°
thsingo’ 5oM Sind
. AF; Maw
Oy = lim =49.7 MPa Ans
AA-0 AA AA )
»
Ty = lim AL =-348MPa Ans wslasiny AF’
AA-0 AA 30°
/ AFI ’ y
EC T 7

The negative signs indicate that the sense of o, and 7., are opposite
to that shown on FBD.
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9-7. Solve Prob. 9-2 using the stress-transformation \
equations developed in Sec. 9.2.

—t—> 8ksi B

A
o, = 5ksi o, =3 ksi Ty =8ksi  6=130°
- ——> S ki
0o =Z2 D &7 05204 1,,5in 20 .
2 2 40°
5+43 5-3 o e i neno .
= = + —z-cos 260° +85sin 260° =-4.05ksi  Anms
A 4
The negative sign indicates o, is a compressive stress. 3 ksi
Ty === D sin 20+ 7, cos 20
= —(§—;—3)sin 260° + 8cos 260° = —0.404 ksi Ans
The negative sign indicates 7,,- is in the —y’ direction.
*9-8. Solve Prob. 94 using the stress-transformation
equations developed in Sec. 9.2. A T 400 psi
0, =—650 psi o, =400psi 7, =0 6=30°
x.=-—-————a‘;6’ + 2% o 20+ 1,,5in 20 — < 60psi
60°
= —650;400 + —6502—400303 60°+0=-388psi Anms !
The negative sign indicates o, is a compressive stress. l
Ty = —i‘L%-a—’sin 26+ Ty cos 20 B
= —(is-oz—'ﬂ)sin 60°=455psi  Ans
9-9. Solve Prob. 9-6 using the stress-transformation
equations developed in Sec. 9.2. Show the result on a sketch.
90 MPa
A
o, =90 MPa o, =50 MPa Ty =—35MPa 8 =-150°
35 MPa
O: +0, = 0,—0
x'=-—é——’+——-’-cos 20+ 1,,sin 20 <
90+50 90-50
== + =5 —00s(-300°)+ (~35)sin(-300%) s N
=497MPa  Ans 50 MPa
=.%"0

Teryr = = sin 260+ 7, cos 20

- 0-%0
2

The negative sign indicates - acts in —y' direction.

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

o, =0 o, =-300 psi Ty =950 psi 6 =130°

0, +0, O,—0, .
= —-‘—2-’- +—’-‘3—’—cos 20+ T, sin 26

= 112-3-0-9 + o—'-tzsg'l)cos (60°)+950sin (60°) = 748 psi  Anms

e

o, -0,

)sin 26 + 7, cos 26

-(u%@)sin (60°) +950 cos (60°) = 345 psi Ans

Tey = -(

Oy = ——= ——;—a’—cos 20~ 1,,sin 20

- 0-—2300 —(0—(_300))008 (600)_950 sin (6()0) = ~1050 psi

300 psi

y 950 psi

1050 psi

3495 psi

9-11. Determine the equivalent state of stress on an
element if the element is oriented 60° clockwise from the
element shown.

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

=-60° o,=300psi o,=0 1, =120psi

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

and 9-3.
o, +0, O,-C )
0, = ——> + ———>c0s 26+ T, 5in 26
300+0 300-0 )
== cos (=120°) + [ 120sin (-120°))
= ~28.9 psi Ans
_o0,+0, 0,0, 7 ]
o, = -5 cos 26 -1, ,sin 26
300~-0 300-0
= - cos 1—120°) = [120sin (=120°)}
2 2
= 329 psi Ans
-0, .
Toy: = - Y5in 20+ 1, cos 28

300-0

sin (—=120°) + [120cos (-120°)]

= 69.9 psi Ans

—> 120 psi

300 psi

329 pst

699 psi
bo'
269 Pst
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*9-12. Solve Prob. 9-6 using the stress-transformation

equations.
90 MPa
A
6 = 120° o, = 50 MPa o, = 99MPa 1, = 35MPa
35 MPa
a,.:"‘;"’+"‘;"’,osze+z,,sin29 S,
= 20+90, 3090 2400 + (35)sin 240° s N B
2 50 MPa
= 49.7 MPa Ans
The negative sign indicates 0, is a compressive stress
Tey = - -‘5‘—;—"’-@1 20 + 1, cos 20
= = 30=90 Gnoaee +(35)cos 240° = —34.8MPa  Ans
9-13. The state of stress at a point is shown on the element.
Determine (a) the principal stresses and (b) the maximum 60 MPa
in-plane shear stress and average normal stress at the point.
Specify the orientation of the element in each case. — 1 5
pectly ‘ 30 MPa
45 MPa
o, =45 MPa o, =-60 MPa Ty =30 MPa
D O o’,;Uy " [(ﬁ:z__"_i)z+fnz A
= ﬂi (21_60))2 ,,,(30)2
2 2
0, =53.0MPa  Ans 0, =-680MPa  Ans 75MM
Oricntation of principal stress: 60.0Mfa TSMmM
bosMA
26, =—2 =0 __ _os714 £.0MPa
(0:-0,)2 (45~ (-60))/2
¢
6, =14.87, -75.13 "3 .1

Use Eq. 9- 1 to determine the principal plane of 07 and 03

o, = E‘_L;_‘i'. + -&’;—‘—’-‘Lcos 20+ 7, 5in20 , where 8= 14.87°

_45+4(-60) 45~ (-60)
2

cos 29.74° + 30 sin 29.74° = 53.0 MPa

Therefore 8, =14.9° Ans  and 6, =-75.1° Ans

b)
T, = ‘/ (g-"—;-ﬂ)2 *Ty? = \/(“S—_(——ﬂ))2 +30 =60.5MPa  Ans A
2 7.5 MPa £3.0 MPa
Ouvg = &_;_0_,_ = ﬁ%ﬂ =-750MPa Ans LA "9°
Orientation of maximum in - plane shear stress: &.5Mpy
é8.o0mpPa
a2, < ZTZ N2 _ @562 o

Ty 30
6, =-30.1° Ans  and , =59.9°  Ans

By observation, in order to preserve equilibrium along AB, 7T, has 10 act in the direction shown.
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9-14. The state of stress at a point is shown on the

element. Determine (a) the principal stresses and (b) the -—

maximum in-plane shear stress and average normal stress

at the point. Specify the orientation of the element in 180 MPa
each case.

0, =180MPa 0, =0 T4y =~150 MPa —> 150MPa

=0,
a) 012 =fx_;f_at‘/(gg_2__1)z+¢”2

nz(;»,ot (18(;-0),+(_150),

=

8449 Mbe
0, =265MPa  Ans 0, =-849MPa  Ans ZLMPa £ s

Orientation of principal stress:

Ty .10 6667
@.—a)2 (180-0)72

1an 26, =

6, =60.482° and ~29.518°
Use Eq. 9- 1 to determine the pricipal plane of 0, and 03:

Oy = %t T m % o5 20+ Tay 5in20-, where 6 = 60.482°
2 2

18(;+0 + 18(;. ocos 2(60.482°) + (—150) sin 2(60.482°) = -84.9 MPa

Therefore 6,) =60.5° Ans  and 6,, =-29.5°  Ans ~ ot
b) -1 %

Dy, = (3-8%-"—0)2+(-150)2 =175 MPa  Ans ~
2

T, =
L L (

Guvs =9%‘.’L=l§%19=90,0MPa Ans

Oricntation of maximum in - plane shear stress:

(- 0,)2 _ -(180-0)/2 -
Ty -150

tan 26, = 0.6

6,=155° Ans and 6=-745° Anms

By observation, in order to preserve equilibrium along AB, ., has to act in the direction shown.
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9-15. 'The state of stress at a point is shown on the element. -
Determine (a) the principal stresses and (b) the maximum
in-plane shear stress and average normal stress at the point. )
Specify the orientation of the element in each case. 30ksi

o, =-30ksi o, =0 Tey =~12ksi
o ————> 12ksi

0, +0, O~ 0y 5 2. =30+0 -30-0,
O3 = ——2 k(=P r 1)t =t ()P + (12
12 2 V( 3 Y+ 2 ( ) (12

o, =421ksi  Ans 0, =-342ksi  Ans

Orientation of principal stress:
. ~-12

1an 28, =~ = e =
f (o =0y)I2 (<30~-0)/2

0.8

8, =19.33° and -70.67°
© Use Eq. 9~ 1 o determine the principal plane of 6, and 0.

Oy = g_._;_a_,_ +1‘—§-g'-cos 20+ 1,, sin 28
6=19.33°
o= 1-392_"_" + :%_—(—’cos 2(19.33%) + (~12)sin 2(19.33%) = ~34.2 ksi
Therefore 6, =19.3°  Ans and @, =-70.7° Ans
b)
=0, —30-0 .
Tonny = \/(%)ur,,’ S| CGOP 1P 1920 Ans
" 4L1 ks{
O = 2% =.322i‘-’=-1s ksi Ans 2 42r4
'5 KS(' 3"‘&6{ .
Orientation of max. in - plane shear stress : 93° "3
an26, = SGmGY2_ 30002 o0 257° )
T -12 2.7 192 kst
6,=-257° and 643 Ans A -7 Zse
By observation, in order to preserve equilibrium along AB, / "3 A 4.2/ ks( /Skst
Tuax has 10 act in the direction shown in the figure, ISKks;
*9-16. The state of stress at a point is shown on the 250 MPa
element. Determine (a) the principal stresses and (b) the A
maximum in-plane shear stress and average normal stress at
the point. Specity the orientation of the element in each case. 175 MPa
200 MPa
a) o; = ~ 200MPa o, =250MPa 1, = 175MPa
o= & ; % 4 ]/(4—;-&)“' %
L T200+3250 200 - 280, "0 -
2 - 2
oy = 310 MPa o = ~ 260 MPa Ans ¥
Oriemation of principal stress:
w26, = g2 = e = - 0TI 3/0 Mpa
? ? -1’
6, =-18.94° and 71.06°
Use Eq. 9- 1 to determine the principal plane of 0 and o, 260 MPa
o = ‘__}‘_’L + E‘-—;—aioos16#t,, sin 20
626 = -1 25:0MPa
~200 + 250 | —200 ~ 250 .
O = TS 4 ST cos(- 37,889+ 175 sin (- 37.88°) = - 260 MPa = 0 2SHP 1 up,
v
Therefore 6, = 70I° 8, = ~18.9° Ans b4
b e = (ENe G = ‘f( T2 =290 4 1752 < 285MPa Ans
in piss 2 2
Gpy = S'.'__;_‘."_ - io%l.z_s.o = 250MPa Ans

Orientation of maximum in - plane shear stress:

(a, - g =200 = 230
tan2, = —L— = ..:i:t = 1,2857

Ty 175

8, =261° Ans ad ~639° Ans

By observation, in order 1o preserve equilibrium, 7., = 285 MPa has to act in the direction
shown in the figure.
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9-17. A point on a thin plate is subjected to the two
successive states of stress shown. Determine the resultant
state of stress represented on the element oriented as shown
on the right.

200 MPa \SziMPa I
+ /

y.
3
r

|

350 MPa d

Stress Transformation Equations: Applying Eqs. 9—1, 9-2, and
9~3 10 clement (a) with 8=-30° o,. =-200 MPa, 0, =-350 MPa
and 7,.,. =0,
0, +0,, C.-—
(6,), = ———-i—’ +

-200+(-350) —200-(-350)

ag,
Lcos 26+ T,.,8in 28

= + cos (—60°) +0
) ) os (—60°)
=-237.5 MPa
.40, O,—0,
(6,),= 2 - 2 0 26-1,.,.5in 26
-200+(~350) =200~ (-350,
= ( ) ( )"os (-60°) -0
2 2
=-312.5 MPa
.-o,
(zy),= & 5 Lsin 26+ 7,.,.cos 260
—200 - (=350,
= ——-—2i-—)sin (~60°) +0
= 64.95 MPa

For element (b), 68 =25°, o, = o, = Oand 7., = 58 MPa,
O, +0C,, O
(0,), =~—%+—=

2
=0+0+58sin 50°
=44.43 MPa

-0
2_cos 26+ 1,.,.sin 26
2 y

0, +06,, O.—0,

(Gy)g= 2 L - 2
=0-0-58sin 50°
=-44.43 MPa

cos 20-17,.,.sin 26

g, — 0,
(2,),=-= 5—2-8in 26+ 7,¢,-cos 26

= -0+ 58cos 50°
=37.28 MPa
Combining the stress components of two elements yields

o, =(0,),+(0,), =—237.5+44.43 =193 MPa Ans
0,=(0,),+(0,),=-3125-4443=-357TMPa  Ans
1, =(1,),+(%,), =6495+37.28 = 102 MPa Ans
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9-18. The steel bar has a thickness of 0.5 in. and is \ 20 in. |
subjected to the edge loading shown. Determine the | 201b/in. |
principal stresses developed in the bar. B 2in
v
201 fin. 201b//in.
Normal and Shear Stress: In accordance with the established sign
convention,
20 .
o, =0 o0,=0 T,y=(—)‘—5-=4OAOp51

In- Plane Principal Stress: Applying Eq.9-5,
—  40.0p5i

o, +0, (O'X—O'y N
o, = T =) +¢
b 2 ) l
=0%xy/0+40.02
=0£40.0 < —
o, =40.0 ps1 g, =-40.0 ps1 Ans

9-19. The steel plate has a thickness of 10 mm and is
subjected to the edge loading shown. Determine the
maximum in-plane shear stress and the average normal stress
developed in the steel.

40 kN /m

e

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

30(10%) 40(10%)
o = = 3.00 MPa o = = 4.00 MPa
! 0.01 4 0.0t
r.(_v =0
4.00MPa, £
Maximum In - Plane Shear Stress: Applying Eq.9-7.
3.00MPa

- 2
(%Y r2
T omax = P Xy

in-plane

3.00-4.00°
= (-—2—) ~0=10.500 MPa Ans

Average Normal Stress: Applying Eq.9 - 8.

6,,, = ———=———=350MPa Ans
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*#9-20. The stress acting on two planes at a point is b
indicated. Determine the shear stress on plane g—a and the a
principal stresses at the point.

., 80 ksi
a
0; = 60 sin 60° = 51.962 ksi 00°
. 45°
T,y = 60 cos 60° = 30 ksi 60 ksi
60° “
Ca =L2°’+%mza + Ty Sin 26
° b
80= 3L 6:“” . 5’“:“’" cos (90°)+ 30 sin (90°)
0, = 48.038 ksi
' %
-_— . '
Ta =—(g"—&)sin 20 + 7, cos 0 : 7 *
2 Shdcak, eadss
- ‘ ' x
=-(wmﬂ (90°) + 30 cos (90°) P
L2 J'—_
Ta =-196ksi Ans
012 =320y (&% y
2 2
- 51.962 +48.038 + J (51.962—48.038)2+ 3oy
2 2
0, =801ksi Ans
0, =199ksi  Ams
9-21. The stress acting on two planes at a point is 4ksi a
indicated. Determine the normal stress o, and the principal
stresses at the point. 60°
. 45°
Stress Transformation Equations: Applying Eqs. 9-3 and <«—— 2 ksi
9—1 with §=-135°, 0, =3.464 ksi, T, =2.00ksi, 7,.,. = -2 ksi,
and 0. = G}, vy 7
o, -0, . a
Ty == 5 sin 20+ 1,,cos 26
o, -3.464
-2= —‘—z—sm (~270°) + 2cos (~270°)
o, =7.464 ksi
o, +0, O, -0,
0. = ——"~-2_—"cos28+r,,sin 28 y. . x
2 2 ) N\ 3464 k5 200 s /
7.464+3.464  7.464-3.464 , O
o, = 3 -+ N ¢os (=270°) + 2sin (-270°)
&
=7.46 ksi Ans Ay
°
In - Plane Principal Stress: Applying Eq.9-5. Lk j ;_39
I b
o, +0, \/(ot—cr, \? Y
o L= + +12
1.2 2 2 , r"
7.464+ 3.464 \/(7464 -3.464°2
= + +22
2 T )
=5.46412.828
o, =829ksi o, =2.64ksi Ans
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9-22. The clamp bears down on the smooth surface at F
by tightening the bolt. If the tensile force in the bolt is
40 kN, determine the principal stresses at points A and B
and show the results on elements located at each of these
points. The cross-sectional area at A and B is shown in the
adjacent figure.

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

Section Properties:
1= é(o.os)(o.os’) =03125(10°°) m*
0, =0
0 = A’ =0.0125(0.025) (0.03) =9.375(107°) m’

M
Normal Stress: Applying the flexure formula ¢ = —Ty,

2.40010%)(0.025)

o, = =192 MP:
' 0.3125(10-*)
2.40(10°)(0)
Og =~ ————— =
0.3125(10-9)
Vo

Shear Stress: Applying the shear formuia 7= e
t

. 2400100(0)
A7 0.3125(10-9) (0.03)
24.0¢ 10’)[9.375( 10-6)]

= =24.0

5 = T 03125(1076)(0.03) MPa

In- Plane Principal Stresses: o, =0, 6, =-192 MPa, and

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

o =0, =0 Ans
0, =0, =-192MPa Ans

o, =0, =0 and 7,, =-24.0 MPa for point B. Applying Eq.9-5

o, +0, o, -0, \?
= ) y
Gia=—5 % (—2—) +13

=01 y0+(-24.0)°
=0+240
o, =240 0, =-24.0 MPa Ans

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

6§, =-450° and 45.0°

Subsututing the results into Eq.9- 1 with 8 = ~45.0° yields

o +0
g, =="9%
N 2
=0+0+(~24.0sin (-90.0°}]
=240MPa= g,

o, -0,

cos 260+ 1,,sin 26

Hence.
epl =-45.0° 9“ =45.0° Ans

]

200 mm

T

100 mm

100 mm

o
.
1

100 mm
50 mm

:

160 kN
0.3m
40 i =i —ﬂ—
ozZm
0 KN -
< @)
M=240 ka-m

R4.0MPa.
192 MFa. 240MF
45.0°
240 MP.
Foint A Roint 8

30 m% D
T

40 mm 10 mm
50 mm

4 =
30mm|3'A

TE

25 mm
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9-23. Solve Prob. 9-22 for points C and D.

Support Reactions: As shown on FBD(a).
Internal Forces and Moment: As shown on FBD(b).
Section Properties:
1
= E(0.03)(0.05’) =03125(10°) m*

Q& =0
0, = y'A’=0.02(0.01)(0.03) =6.00( 10°*) m’

Normal Stresses: Applying the flexure formula o = —?,
o = 3.20(10%) (-0.025) =256 MP
€T T o3125(10%) ¢
on = 3.20010%)(0.015) _ 153.6 MP
2T T Tosas(t0sy e
. Vo
Shear Stress: Applying the shear formula 7= e
t
o = 16.0(10°)(0) _
€7 03125(1076)(0.03)
16.0( 10’)] 6.00(107¢) |
= = 10.24 MPa

T = -
0.3125(10-4)(0.03)

In- Plane Principal Stress: ¢, =0, g, =256 MPa. and

7., = 0 tor point C.Since no shear stress acts upon the element.
0, =0, =256 MPa Ans
o,=0,=0 Ans

o, =0, 0, =-153.6 MPa, and t,, = 10.24 MPa for point D.
Applying Eq.9-5,

o, +0, o, -0,V
o), = -+ (——2 )+t},

2
0+(~153.6 0-(~153.6)}
= ¢ ) :t\/( 133 6)) +10.242
2 2
=~76.8+77.48
o, = 0.680 MPa g, =-154 MPa Ans

Orientation of Principal Plane: Applying Eq.9 — 4 for point D,

T, 10.24

L34

= =0.1333
(0.-0,)12 [0-(-153.6)]/2

tan 26, =

, =3797°  and  -86.20°

Substituting the results into Eq.9 — | with 6 = 3.797° yields

_0:*9, 0.-0,

.-

cos 26+ 1, sin 26

N 2
0+(-153.6) 0-(-153.6) .
= 3 + 3 cos 7.595° + 10.24sin 7.595°
=0.678 MPa= 0,
Hence.
6, =3.80° 6, =-86.2° Ans

4 P2

]

200 mm

T

100 mm

100 mm

&
v
1

so 0

160 kN

4
30 mm D
b
C |
40 mm 10 mm
50 mm
R
30 mr%DA
.

25 mm

0.3m

oZm

0:03m
256 MPa
10-24MEx
153-6 MPr
Pint ¢ Point D
256 Mpa 154 M Pa.

O-tboMA
380°

Painfc Roint P
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*9-24. The grains of wood in the board make an angle of
20° with the horizontal as shown. Determine the normal
and shear stress that act perpendicular to the grains if the
board is subjected to an axial load of 250 N.

k——— 300 mm —»‘
60 mm

250N <—] S= 250N

20° 25 mm /% }/

o,=0 - 20 ___ie667kpa

A (0.06)(0.025)
oy =0 Ty =0

!
6=110° ' R
O—J 166,61k 1% N g0
0, =21% %% s+ 7, $in20 ! *
2 2 4--" 20°

= 166‘3”" + 166‘27 =005 220°+0=19.5kP2  Ans

Ty = ("% )sin 26+ 7, cos 20

=—( —1—6%1:9)511 220°+0=-53.6kPa  Ans

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.

l )

< Ai8° —— o, = 400 psi

0,-0, .

Ty = =(=~———=2-)sin 28 + T, coOS 26 .

Xy 2 Y \0;/ 9"“’*’0’:’*[.

400~
2

4o00ps(

550 = —(=—2 )sin 296° +0 Ssosl

o, =-824psi  Ans
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9-26. The T-beam is subjected to the distributed loading
that is applied along its centerline. Determine the principal
stresses at points A and B and show the results on elements
located at each of these points.

Internal Forces and Moment: As shown on FBD.
Section Properties:

E7A _ 0.01(002)(0.15) +0095(0.19)(0.02) _ o
A 0.02(0.15)+0.15(0.02) =heem

(0.15)(0.02%) +0.15(0.02)(0.0525 - 0.01)*

<

1
I=—
12
1
+E(o.02)(o.xs’) +0.02(0.15) (0.095 - 0.0525)*
=16.5625(107) m*

Q=0
O =y'A" =0.0925(0.05)(0.02) =92.5(107°) m’

Normal Stress: Applying the flexure formula o= -A—?—
o = —48.0(10%)(0.0525) _ 1522 MP
AT T leseas(i0ey e
o = ~48.0(10°) (-0.0675) _ 195.6 MP
8T T T lese2s(10ey oo e
‘ Vo
Shear Stress: Applying the shear formula 7= T
t
7, =0
24.0(10°)[92.5(10°¢
= __(__L__(__)] =6.702 MPa

8 = 155625(10-%)(0.02)

In- Plane Principal Stresses: o, =152.2 MPa, o, =0, and
7, =0 for point A. Since no shear stress acts on the element,

g, =0, = 152MPa Ans

o, =0,=0 Ans

o, =-195.6 MPa, 6, =0 and 1,, = —6.702 MPa for point B.
Applying Eq.9~5,

o, +0,
2
_-1956+0  [~1956-0

2 2
=-97.811+98.041

7
o, -0,
012 = t ('T') +1,

2
) +(-6.702)°

o, =0.229 MPa o, =—196 MPa Ans

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

T, JTET02 e
* (-0, )2 (F1956-0)2

=1.960° and -88.04°

12 kN/m
150 mm

B —
A
: / AT 20n

w LBH I;Ome
50 mm i
| ol

20 mm

Im } 2m }

2@ =240 IN

ittt SR

L Y —
195 6MA

1522MPs
panas

—

oint A Foint 8

{ 152 Mpa, I
> —

Point 8

196MPa
2"

88-0°
0229 M,

Substituung the results into Eq.9 — | with 8 = 1.960° yields

o'.=G’:+oy+dx_Gy
‘ 2
~195.6+0 =-195.6-0
= 05 3.920° + (~6.702sin 3.920°)
=-196 MPa =0,

Hence.

cos 26+ 7, sin 28

6, =88.0°

A 8, = 196° Ans
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9-27. The bent rod has a diameter of 15 mm and is
subjected to the force of 600 N. Determine the principal
stresses and the maximum in-plane shear stress that are
developed at point A and point B. Show the results on
properly oriented elements located at these points.

Internal Forces and Moment: As shown on FBD.

Section Properties:

A =7r(0.0075%) =56.257(10"°) m’
1= 7(00075") =248505(10") m*

Normal Stress:

B . 30.0(0.0075)
56.25m(10-6) ~ 2.48505(10-%)

o, =3.395-90.541 = -87.146 MPa
0, = 3.395+90.541 = 93.937 MPa

In- Plane Principal Stresses: o, =-87.146 MPa, o, =0,
and 7., =0 for point A.Since no shear stress acts on the

element,
Ans

Ans

o, =0,=0
o, =0, =-87.1 MPa

0, =93.937MPa, 6, =0 and 7,, =0 for point B. Since no
shear stress acts on the element,

o, =0, =939 MPa
0, =0,=0

Ans
Ans

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

o, -0,\?
T =(’ ’)+1:},

. max
in-plane

N

~ (—87.146—0

2
= 5 ) +0=43.6 MPa Ans

Applying Eq.9 -7 for point B,

T =
in-plane ( 2

_ (93.937 -0
- 2

“ g 2
% o;) +12,

) +0=47.0 MPa Ans

Orientation of the Plane for Maximum In- Plane S hear
Stress: Applying Eq.9 -6 for point A,

-(o,~0,)/2 —(-87.146-0)/2
m29’= ( ) = ( 0 ) = o0

Kal

6,=450° and -45.0° Ans

A
——
\ B
50 mm
600 N 600 N
L— 75 mm 75 mm —4
M=30.0M-m
> N=édo N
0-05m
GooN
87.1Mfa. 93.9Mp
— < >
Pdl'nf A éoin%B
43.6Mb 871 MPa 939 MF
—
436 MPa. 47oMp AT0MPa
Pom* A Eo,'nf'e
436MP g3 0Mpa

vs? 47.0MPg.
E (:: g @ﬁ'

#oMp 4.0mpn #rompa
Pgin* A Point B

Applying Eq.9 - 6 for point B,

_=(o.-0,)12 —(93937-0)2 ~

tan 26, = —o0
Ty 0
6, =-45.0° and  45.0° Ans
By observation. in order to preserve equilibium. 7 . has to act
in-plane

in the dircction shown in the figure.

Average Normal Stress: Applying Eq.9 -8 for point A.

Opg=——2 =" =47.0MPa
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*9-28. The simply supported beam is subjected to the
traction stress 7 on its top surface. Determine the principal

stresses at points A and B.

Point A:
Mc P (TobLd/4)(d/2) 7Ty bLI2 ToL
Oy ==t —= 7 3 + = —
T A LoD bd d
Ta=To
Thus,

~toL ToL
I I
~%L L
o2 = ;‘; iro‘/(-z—d)’+l Ans

Point B:
Mc P (tobLd/4)(d/2) 1tobLI2 27yL
Op=——+—= 1 + = —
1 A ﬁbd3 bd d
Tp = 0
o = 1&1—‘ Ans
d

0, =0 Ans

7o
—»—»—»—L—»—»

A
A
_l&l_

7, 4d
To8Ly,
Z’,él./{ ;Id/l
Tha il
Z’,,ALJ/{_
—p Cp

-

24l

X
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9-29. The beam has a rectangular cross section and is
subjected to the loadings shown. Determine the principal
stresses and the maximum in-plane shear stress that are
developed at point A and point B. These points are just to
the left of the 2000-1b load. Show the results on properly
oriented elements located at these points.

2000 b
I 1000
1090tk ,L J0001b
J
2t 1 2f '——'{%
1000 Ib 1000 b 10001b

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

Section Properties:

A =6(15) =90.0 in’

1
I= E(6)( 15’) = 1687.5in*
0, =0 =0

Normal Stress:

<

wvic

o=

T

>z
~|

_=1000 _ 2000(12)(7.5)
77900 T 16875

o, =-11.11-106.67 = -117.78 psi
og =—11.11+106.67 = 95.56 psi

Shear Stresses: Since Oy = Qg =0, hence, 1, =7,=0
In- Plane Principal Stress: o, =-117.78 psi. 0, =0, and
., =0 for point A.Since no shear stress acts upon the
element,

o,=0,=0 Ans

o, =0, =—118 psi Ans
o, =95.56 psi, 0, =0 and 7,, =0 for point B. Since no shear
stress acts upon the element,

o, =0, =95.6 psi Ans
0,=0,=0 Ans

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

o, -0, \
T =y{= ’) +12
inﬂ:llxne ( 2 4
-117.78-0y? )
= ( 3 ) +0 =589 psi Ans

.56-0
————) +0=47.8 psi Ans

=/000 |b

2000 b
6in.
Yo A
) BT JTls
| ]
B 9 B
&2ftJ——2ft4
N=1000 Ib

M =2000 Ib-ft

| 118 P ‘ | 95.0pst
Point A Point8
58955 1185 ﬁépﬂ'
589 psc 478 psi 478ps
Point A Bint 8
88.9p5 412
450"
4185
. 450"
289Pp5 .
589psi 476pst

Orientation of the plane for Maximum In - Plane Shear
Stress: Applying Eq.9 — 6 for point A.

-(0,-0,)/2 —(-11778-0)/2 _

tan 26, = oo
Ty 0
, =45.0° and  -45.0° Ans
Applying Eq.9 - 6 for point B.
(o, —-0,)/2 —(95.56-0)/2
tan 29‘ = ( - y) = ( ) = =00
Tay 0
6, =-45.0° and 45.0° Ans
By observation, in order to preserve equilibrium. © .. has to act
1a-plane

in the direction shown in the figure.

Average Normal Stress: Applying Eq.9 -8 for pointA.

-117.78+0
Opg = % ;d’ = 5 =-589psi  Ans
Applying Eq.9 — 8 for point B.
o, +0, 95.56+0 .
Ouvg =—2—’-=—2—-=47.8 psi Ans
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9-30. The wide-flange beam is subjected to the loading

shown. Determine the principal stress in the beam at point 8kN/m
A and at point B. These points are located at the top and i 4
bottom of the web, respectively. Although it is not very ¥ (Y V¥ ¥ vy v v v
accurate, use the shear formula to compute the shear stress. - — 200
110 mm* ‘
3m o
25 kN

Internal Forces and Moment: As shown on FBD(a).
Section Properties:

A=02(0.22)-0.19(0.2) =6.00( 10) m’

i 3 ! 3 -6y 4
=—(0.2)(0.22°) - —(0. 2%) = 50.

5O )(0.22°) 5(0.19)(02°) =508(10°) m 03222k
Q) = @ =¥A’=0.105(0.01)(0.2) =0.210( 107*) m’ 5 47

Normal Stress: N=2/65 I.‘_ 4 : _
=73. ) |
N My M 755/04:;1' -

_ 2165 10%) L7350 103 (0.
T 6000100 T 50.8(10-%)
o, = 3.608 + 144.685 = 148.3 MPa

. ) 0.2m

Gy = 3.608 - 144.685 = ~141.1 MPa ; 2 oorm
. ~aA

Vo 7(1-0'/05;( oim

Shear Stress: Applying the shear formula 7= —.
It lown
L -8
0.0lm
ot o 36.5(10%)[0.210¢ 1097 _ 15.09 MP T
AT BTS00 00 e
In- Plane Principal Stress: o, = 148.3 MPa. o, =0, and
£,, = -15.09 MPa for point A. Applying Eq.9-5 . /5:09 Mp +— 15:09M g
- 2
0,,=2"%, (U‘ 0’) + 12 1483 Mg, Vo uymal {
. 2 2 xy m—— —pe
148.3+0 148.3-01\2 FPoint 0in
_ tv/( ) . (1509 Loint A Leinte
2 2
=81.381+82.768
o, =150 MPa g, =-1.52MPa Ans

o, =-14L.1 MPa, 0, =0, and 7,, = ~15.09 MPa for point B.
Applying Eq.9-5,

g, +0, o, -0,\
0'1_2=—"—‘2 * (————2 ‘)+‘t}y

~141.140 ~-141.1) -0\2
=— i\/(( ) )+(-15.o9)2

2
=-77.773£79.223
o, = 1.60 MPa 0, =-143 MPa Ans
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9-31. The shaft has a diameter d and is subjected to the

loadings shown. Determine the principal stresses and the F ~
maximum in-plane shear stress that is developed anywhere

on the surface of the shaft.

Ty

r'S

T
Internal Forces and Torque: As shown on FBD (a).
Section Properties:
4
A=Zg 1=f(f) =T F N=F
4 2 £

Normal Stress:

D
~

— 7%

d
= =22 0 Nd3

4F
In - Plane Principal Stresses: o, =——d;, o, =0, and
nd?
16T, . .
Ty iy for any point on the shaft's surface. Applying Eq.9-5,
_0o.+0, o, -0, \ ,
o= r|(Z ) -
F F :
=-:—d§+0+ [—:7!-0 +(_1676)2
2 _v 2 nd?
2 647>
= —|-Fr{F+ 2
mﬁ( d?
2 64T
0 = —|—F+{F2+ — Ans
rd* d?
6412
g, =— ,[F+ 2+ 20 Ans

T (o;—c, )2+ 2
= : T
lnmp‘l:ne 2 ad
2
(7220 +( 167:,)2
- 2 nd?
2 64T2
=—{F2+ -2 Ans
2 4z
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*9-32. A paper tube is formed by rolling a paper strip in a
spiral and then gluing the edges together as shown.
Determine the shear stress acting along the seam, which is
at 30° from the vertical, when the tube is subjected to an
axial force of 10 N. The paper is 1 mm thick and the tube has
an outer diameter of 30 mm.

30°

10N 10N

30 mm

o= P 10 = 109.76 kPa
A 5(0.03% - 0.028%)

o, = 109.76kPa o0, =0 1, =0 6 =30°

o, — 0O,

Tey = — sin 20 + 7, cos 26

= 10976 -0 . <00+ 0= — 47.5kPa Ans

10976 Kpa

9-33. Solve Prob. 9-32 for the normal stress acting N
perpendicular to the seam. 30

10N 10N

30 mm

w1 . ﬁﬂﬂ 7ékf“

P 10
0= — = — e = 109.76 kPa
A X0.03% - 0.028?) o '
x
o-"=6‘;a’+G‘;a’30526+t,,sin20 < x
_ 109.726 +0 109-7: = 0 cos (60°) + 0= 82.3kPa Ans A\
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9-34. The shaft has a diameter d and is subjected to the
loadings shown. Determine the principal stresses and the
maximum in-plane shear stress that is developed at point A.
The bearings only support vertical reactions.

i :
—

¥

L
2

Nt~

Support Reactions: As shown on FBD(a).

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

Section Properties: P
T ned\ & l
A==d === ==4* =0
4 (2) 64 & F. —_— —F
S 3
A
Normal Stress: L 1 L
N M 23 z
o=+2C P o £ P
AT 2 <
_oFLUE v=£
S F —f:_—_k{-; N=F
3
- PL
_A(ZPLF L ,M’%
AT\ d ) P z
2
Shear Stress: Since Q, =0, 7, =0
4 (2P
In- Plane Principal Stress: o, = —(—L —F). 4 (2pPL
rd*\ d ax "/E)
o, =0and 7,, =0 for point A. Since no shear stress acts on the
element,
—d
4 2PL N
== E(T ) e
0,=0,=0 Ans
hoint A
Maximum In- Plane Shear Stress: Applying Eq.9 -7 for
pointA,
(6, -, )2 ,
T max = - +T;
10-plane 2 Y
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9-35. The drill pipe has an outer diameter of 3 in., a wall
thickness of 0.25 in., and a weight of 50 1b/ft. If it is subjected
to a torque and axial load as shown, determine (a) the
principal stresses and (b) the maximum in-plane shear
stress at a point on its surface at section a.

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

Section Properties:
A=2(3-25) =06875m in®

7=2(15'-1.25") =41172in’

Normal Stress:

J 4.1172

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,

2

o, + -
o= "26’1 (0’—0’.) +1;x2y
0+(-1157.5 0-(~-1157.5)
AL )x\/( ( )) +(3497.5)%
2 2
=-578.75+3545.08
0, =2966 psi=2.97 ksi Ans
0, =-4124 psi = -4.12 ksi Ans

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

o - 2
T max = (_‘_g’_) +1}y
in-plane 2
~(~1157.5) Y
=\/(____.0 ( ;15 5)) +(3497.5)%
= 3545 psi = 3.55 ksi Ans

1500 Ib

800 Ib-ft ’
20 ft

/IScols
5 800 Ib-ft

50(z9)=/000 b

N=2500 Ib

cl: 7=600 Ibt

I

24975 pi—t—
115].5 ps¢
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*9-36. The internal loadings at a section of the beam are
shown. Determine the principal stresses at point A. Also
compute the maximum in-plane shear stress at this point. A =02(0.3)-0.15(0.2) = 0.030 m*

Section Properties:

L= 1—12(0.2)(0.3’) —1—12(0.15)(0.23) =0.350(107) m*

I = 5(0,1)(0.23) +%(0.2) (0.05°) =68.75(107°) m*

(@), =0
Normal Stress:
N My M:
o= —-—+ X
A 1,
-500(10%) 40(10%)(0.15) =30(10*)(0.1)
oy = - +
A 0.030 0.350(10-3) 68.75(10-¢)
| =-77.45 MPa
V 40 KN-m S00 kN
30kN-m ™~ . Qs - _
X Shear Stress: Since (Q‘)y 0, 7, =0
800 kN In- Plane Principal Stresses: ¢, =-77.45MPa, 0, =0. and
7., =0 for point A.Since no shear stress acts on the
element.
o, =0, = 0 Ans
0, =0, =-77.4 MPa Ans
Maximum In- Plane Shear Stress: Applying Eq.9-7,
— 75 5. -0,y
T = +12
in plane ( 2 ) *
(—77.45 —0)“
= +0
2
=38.7 MPa Ans

9-37. Solve Prob. 9-36 for point B.

Section Properties:

A =0.2(03)-0.15(0.2) =0.030 m*

1 1 1 -
L= 55(02)(03") - (015 (02) =0350(107) m* 800 kN
1 3 1 3 -6 4
= — 2 — (0. 057 ) = .
I 12(0.1)(0. )+ 5 2)(0.05%) =68.75(10°) m Shear Stress: Since (0p), = 0, 2 =0
(), =0
In- Plane Principal Stress: o, =44.11 MPa, 0, =0 and
Normal Stress: 7,, =0 for point B. Since no shear stress acts on the element,
v oM M o, =0, =441 MPa Ans
=‘__‘z-‘+ % o,=0,=0 Ans
AT :
o = -500(10%) _40( 10%) (-0.15) . -30(10%) (-0.1) Maximum In- Plane Shear Stress: Applying Eq.9-7,
870030 0.350(10-3) 68.75(10-¢)
=44.11 MPa (0,—0})2 ,
T max = + 17
in-plase 2 y
441/ Mfa. _J(1i-o 2+0
— 3
=22.1 MPa Ans
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9-38. Solve Prob. 9-36 for point C, located in the center
on the bottom of the web.

-—} 4*— 5.238 Mfa.

V 40 KN-m | 500 kN
\

Section Properties:

A =02(0.3)-0.15(0.2) = 0.030 m*

L =—(02)(03") —1—12(0.15)(0.2’) =0.350(107) m*

1

""Nl'_

1":1

(Q), =y'A"=0.125(0.05)(0.2) = 1.25( 107°) m’

(0.1)(0.2%) +1—12(0.2)(0.05’) =68.75(107°) m*

N~

Normal Stress:

-500(10%) 40(10%)(=0.1) =30(10%)(0)

%c=T0030  0350(10%)  68.75(10-)
= -5238 MPa

Shear Stress: Applying the shear formula

% 00(10%)[1.25(1073
Tc= > (&), =8 (109 1.25¢ )]=57.14MP3
Lt 0.350(10-3)(0.05)

In- Plane Principal Stress: o, =-5.238 MPa. 0, =0 and
7., =—57.14 MPa for point C. Applying Eq.9-5,

o, +0, o, ~0,\*

-5.238+0 -5.238-01? .
= 5 + ( 5 )+(—57.14)'

=-2.619+57.203
o, =54.6 MPa o, =-59.8 MPa Ans

I+

02 =

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

- 2
T max = (ﬂ) +TXZy
10-plane 2
-5.238-0Y?
= \[(T) +(=57.14)°
=572 MPa Ans
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9-39. The wide-flange beam is subjected to the 50-kN

force. Determine the principal stresses in the beam at point A SOKN
located on the web at the bottom of the upper flange.
Although it is not very accurate, use the shear formula to A
calculate the shear stress. 5 i
~—1m ‘L 3m J‘
A
10 '__)7 + 12 mm
1 3 1 3 6, 4 mm‘B’FIZSOmm
I=—(02)0.274)" - = (0.19)(0.25)" = 95.451233(10) m S
T
= - -3, 3
0O =(0.131)(0.012)(0.2) = 0.3144(10 " )m 200 mm
3
o= My 130000129 _ 196 43 Mpa
I 95.451233(10°%)
3 -3
= Sasio o0 7P oy 3 5
. I M- 60”“_*—
0,=19643MPa  0,=0 1, =-1647 MPa (‘ br‘
]
0, + 0, 0, — O, V250"
Oy =22 > 2 :t‘,(——-—‘ 5 2)2 + 1,2
_19643+0 [ 196.43-0, 2
T2 i\/( 5 ) (1647 = 1647 MFe
0, =198MPa  Ans -——"ZH—-—— 196. 4-3 rFa
0, =-137MPa Ans —
*9—40. Solve Prob. 9-39 for point B located on the web at
SO kN
the top of the bottom flange.
A l
]
B, |
~—1m ‘L 3m J‘
A
10 '__)7 + 12 mm
mm ; | 250 mm
1= 10202477 - L 0.19)0.25)° = 95.451233(10°%) m* o= 12mm
12 12 e b
Op = (0.131)(0.012)(0.2) = 0.3144(10°°) 200 mm
3
op = -2y . _LUADIO129) __ 156 43 mpa
1 95.451233(10°%)
VQs _ 50(10°)(0.3144)(107%)
Tg=—— = =16.47 MPa
It 95451233(10)(0.01) Sokn
S
0,=-19643MPa 0, =0 T, =-1647 MPa \
Wy ®
MR 5o hal

O, +0, 0, -0,
am:—-——"z ’:t\/(———-’z L)% + 1,2

- —196.2434-0t‘/(—196.243—0)2 +(=1647

o, = 1.37 MPa Ans
o, =-198 MPa Ans

- 1l 47 MPa

—ﬂ_ﬂk——/a&»nuﬁ-
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9-41. The bolt is fixed to its support at C.If a force of 18 Ib
is applied to the wrench to tighten it, determine the
principal stresses developed in the bolt shank at point A.
Represent the results on an element located at this point.
The shank has a diameter of 0.25 in.

181b

Lk=k= i!('o'.lzs‘) =0.1917476(10"%) in*

J= %‘ (0.125)* = 0.383495(107%) in*

M 36(0.125)

= e = 23,47 kS
I 0.1917476(107%)

Oy =

= 0o 08I 45004
7~ 0383495(107%)

0, =2347ksi, 0, =0, T,y =35.20 ksi

O + 0, Oy — O,
O1.2 = J—E—Lt\,(-z-i—L)z'*fvz

- 23.4;7-0-0:t (23.4:~0>2+35.22

0, =488ksi Ans
02 =-254ksi  Ans

Txy _ 3520
(0.~-0,)/2 (23.47-0)/2

tan 26, =

6, =35.78° and 6, =-54.22°
UseEq. 9- 1 10 determine the principal plane for o, and o3 : 254 kst
\ 433 desi

3s.8°

0, +0, O,-0, .
Oy = -‘-TL-'-J-;—’-eos 26+ 1., sin 260

= 53-'3-2113 + 33;‘127-29cos 71.56° + 35.20 sin 71.56° = 48.8 ksi

6, =35.78° 6,2 = -54.22°
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9-42. Solve Prob. 9-41 for point B.

L=1L= "{(o.us“) =0.1917476(107%) in*

J= ;—‘(0.125)“ =0.383495(10%) in*

op=0
Op=yA = 5@3;:?22(%)(:: )(0.125%) = 1.3020833(10°) in® T
. X
= "{7(}21 _ %_c_' - 0118311.30208333(10") __l08oazs) oo é
.1917476(10-3)(0.25)  0.383495(10%)
0. =0 g, =0 Tay = 34.71 ksi

C1a = Gx';'o'yi ’(O'x'z'o'l‘ )2+rx’2 34.7hi .
34.74s(
=01 /(0)2+(34.71) 45

o) =34.7 ksi Ans
0, =—347ksi  Ans
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9-43. The beam has a rectangular cross section and is 20 kN
subjected to the loadings shown. Determine the principal i 100 mm
stresses that are developed at point A and point B, which
are located just to the left of the 20-kN load. Show the B 0 kNZD }%88 I;ﬁ
results on elements located at these points. A T
‘ ‘ S0mm S50 mm
2m | 2m |

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

A=0.1(02) =0.020 m’
1 3 -6 4
- B -
I= lz(()l)(o.- ) =66.667(10°) m
0,=0
Qp = ¥A"=0.05(0.10(0.1) =0.50( 107°) m’

Normal Stresses:

N My 120/0)
0'=—iT

A

100 kH 10KN

~10.0{10%)  20.0(10%)(0.1 ;

o, = ) _2000DOD _ 305 Mpa — e
0.020 66.667(10-¢) L
o, = Z100010°) 20001000 _ (oo Zm | &m
570020 66.667(106) oo 00kl 10-0 KN
ve V=/0-0 kN

Shear Stress: Applying the shear formula 7= —,
o 10.0 ke
T, =0 . N=/0.0 kN
_ 10.0(103)[0‘50(10‘ M=20.0 knum

3
1~ 0750 Mpa F—Em——'i

8 = T86.667(10%)(0.1)
10-0 kA (b)
In- Plane Principal Stresses: o, =-30.5MPa, o, =0, and
1., =0 for pointA. Since no shear stress acts on the element, I“g’—:j/"
o,=0,=0 Ans
o, =0, =-30.5MPa Ans -1 e f |OIM
x 'g:o.oSTf_ g e
o, =-0.500 MPa, ¢, =0 and ., = -0.750 MPa for point B. 5/ ‘[i).]m
Applying Eq.9-5,
— 2
P A
- 2 2 Yy —
-0.500+0 _ [(—0.500-0* 30:5Mls M
e iJ( - ) +(=0.750)% —_ Pty , Q50Mba.
=-(.250+0.7906 07%'“’7%
o, =0.541 MPa o, = ~1.04 MPa Ans Point A Point B
Orientation of Principal Plane: Applying Eq.9 — 4 for point B.
.04 MPr
T, -0.750
un 26, = = =3.000
(UX‘O',)/:’- (=0.500=-0)/2 305 MPa
L
6, =3578° and  -54.22° 54.2°
Substituting the results into Eq.9 -1 with 8 = 35.78° yields 0.54IMPA

61:0‘,«-0, o, -0,
* 2
-0.500+0 -0.500-0 .
= + 5 0s 71.56° + (=0.750sin 71.56°)

5

=-1.04 MPa= o,
Hence,

cos 26+ 7, sin 26

ep. ==54.2° sz =35.8° Ans
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*9-44. The solid propeller shaft on a ship extends outward
from the hull. During operation it turns at @ = 15rad/s
when the engine develops 900 kW of power. This causes a
thrust of ¥ = 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 =900kW =0.900( 10°) N-m/s
_ P _0900(10%) _
w

60.0(10°) N-m

Internal Torque and Force: As shown on FBD.

Section Properties:

T 2 2
A= 2(0‘25.) =0.0156257 m’

J= %’(oixzs‘) =0.3835(107) m*

Normal Stress:

—-1.23(10%)
== — = —2506 MPa
A 0.0156257

Shear Stress: Applying the torsion formula.

N=1-23308)N

7= 60-000) N 2506 Mpe

7%=60.0010) N-m; [9.56MPa <——

In- Plane Principal Stresses: o, =-25.06 MPa, 6, =0
and 7,, = 19.56 MPa for any point on the shaft's surface. Applying

Eq.9-5.
o, +0 o, -0,
M ( )+
-25.06+0 -25.06-0)2 )
= + ( )+(19A56)'
2 2
=-12.53+23.23
o, =10.7 MPa o, =-35.8MPa  Ans

9-45. The solid propeller shaft on a ship extends outward
from the hull. During operation it turns at @ = 15 rad/s
when the engine develops 900 kW of power. This causes a
thrust of ¥ = 123 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 devloped in Chapter 5,

P =900 kW =0.900( 10°) N-m/s

P 0.900(10°
—w———(—)=60.0(10’) N'm

Internal Torque and Force: As shown on FBD.

Section Properties:

A=7(0.25%) =0.015625% m’

7=2(0.125") =0.3835(10”) m'
Normal Stress:

N —-1.23(10°)

N=[-23(10%)H

P

7= 60-0(10) N

12300%N

G~

%=60-0010°) N~

f—

1956MPe <——

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

=1).

(O'x -9
T = :
2

max
in-plane

2
) +12,

= \/(_—zs‘gﬁf)zﬂm.se)z

=23.2MPa

Ans
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9-46. The steel pipe has an inner diameter of 2.75 in. and
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 Moments: As shown on FBD.
Section Properties:

7=2(15'-1375") = 11687 in’

J= ;( 1.5* - 1.375%) = 2.3374 in*

(Q). =Ty'A’
4(1.5r11 2 4(1.375)r1 )
=——o7I/-m(15) |-————| =7( 1.375°
o Gl PUC]

=0.51693 in’

. Mz
Normal Stress: Applying the flexure formula o= I’

200(0) '

Oy = =0
1.1687

Shear Stress: The transverse shear stress in the z direction and
the torsional shear stress can be obtained using shear formula and

L Vv Tp
torsion formula, 1, = o and 7., = - respectively.
t

Ta = (), = Towse
_ 20.0(0.51693) 240(1.5)
T 1.1687(2)(0.125) 23374
=-118.6 psi

201b
X
20 1b
0in.
My=200 1b.in.
\,=20-01b — %
4 T=2401b-in.
]
X
z
P e
 1sin, I
Frsin. — 1186 psc
In - Plane Principal Stress: o, =0, 0, =0 and
7., = —118.6 psi for point A. Applying Eq.9-5
o, +0, o, -0,V
012 = * ( ) T
' 2 2
=0+y0+(-118.6)°
o, = 119 psi o, =-119 psi Ans
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9-47. Solve Prob. 9—46 for point B, which is located on the

surface of the pipe. 201b
Internal Forces, Torque, and Moments: As shown on FBD. X
Section Properties:
r 4 4 .4
I= 3( 1.5"~1.375*) = 1.1687 in
r
7= 5( 1.5 - 1.375%) = 2.3374 in’*
(Q), =0
Mz 20 1b
Normal Stress: Applying the flexure formula o= .IL
y
200(1.5) .
Og = ——— =256.7 ps 10in.
27 687 Pt
Shear Stress: Torsional shear stress can be obtained using M} =200 lb-in.
T —
torsion formula, T, = TP Vz_=,ZO-0/b ?‘
/ T=2401b-n.
240(1.5) Z l -
= = ———— =154.0psi
2] Tiwise 23374 5 pst X
z | 256 7p5
In - Plane Principal Stress: o, =256.7 psi. o, = 0, and B 150, ——’/54"0P5“

T, =- 154.0 psi for point B. Applying Eq.9-5.

1-37s/n.

+12

x y+‘
xy

2 L2

256.7+0  [7256.7-0Y .
= (-——) +(~154.0)°

2

+0 (o, -0, )2

o, =329 psi g, =-72.1 psi Ans
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*9—48. The cantilevered beam is subjected to the load at
its end. Determine the principal stresses in the beam at
points A and B.

Internal Forces and Moment: As shown on FBD.

Section Properties:

L= _15 0.12)(0.15%) =33.75(10°) m*
1
¢

= —(0.15)(0.12°) =21.6(10"°) m*

.V
(Q)), =y'A’=0.06(0.03)(0.12) =0216(107") m’
(Q), =0
(Qp), =7A"=0.04(0.04) (0.15) = 0240( 10”*) m’
(G), =0

Normal Stress:

o My Mz
L
. - ~14.4(10°) (0.045) -10.8(10%) (0.06)
A 33.75(10-6) 21.6(10-6)
=-10.8 MPa
H006mf % _3%004m
~14.4(10%) (0.075) —10.8(10%)(-0.02 < 4
oy = (10°)( )+ (10°)( ) Fﬂ@ :Eo.oam o5
33.75(10-6) 21.6(10-6) P Y 0045 M 0-075m
=42.0 MPa oopm 0-075m
ft—-’-—,f 4
Shear Stress: Applyingthe shear formula o-oebm . (;/emérgé":4m

. B, 1200109)[0216(107)] (o
AT T L 33.75(10°9)(0.12) ’

_ % (@), _-9.00(10%)[0. 240“0-3)1 =-0.6667 MPa ——> 0.-640MPa.

%
I T 21.6(109)(0.15) l
X.-—+ +—/O-6MPA

In- Plane Principal Stress: o, =-10.8 MPa, 0, =0 and

—
7., = 0.640 MPa for point A. Applying Eq.9-5
Point A
o, +0, o, -0,\
O ,=——1% ( ,) +7, Q-6e67Mpa
_-lo8+0, ( 10.8- 0)1 I——-x 4—1» {——»MaM&.
=-~5. 4()+5 4378 z
foint 8
o, =37.8kPa o, =-10.8 MPa Ans

o, =42.0MPa, o, =0, and t,, =0.6667 MPa for point B.
Applying Eq.9~5

o, +0, g, -0\
o, =——2% ( 2 ’) +12,
42.0+0 42.0-0\?
= + ( )+066672

=21.0£21.0105

g, =420 MPa o, =-10.6 kPa Ans
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9-49. The box beam is subjected to the loading shown.
Determine the principal stresses in the beam at points A

and B. 800 1b 1200 b

1 3 1 3 . 4
= — - 6) = § A
1 12(8)(8) 12(6)( )" =233.33 in

O4=0 ’ .B

—Oo
Q=0 L J? ‘
For pointA: 3t —rte 2.5 ft - 2.5 ft 5 fit

T4 =0
o, = Me [ 30UD@) _ o, 5 0
I 233.33

For point B:

BRAEN

Ay tesizst 5
1/
My _-300(12)3) I PN

Op = ——= = —————= = —46.3 psi
l ) M=300

3 =0 b0

1 23333 h-fA

o =0 Ans 37 1S
0, =-463psi  Ans loto™

L A L 6/7 p30

p 4 o £6-3 P30

9-50. A bar has a circular cross section with a diameter of
1 in. It is subjected to a torque and a bending moment. At
the point of maximum bending stress the principal stresses
are 20 ksi and —10ksi. Determine the torque and the
bending moment.

0:+0,  [0.-0,; 3
Oy 3 = =t % et B Ay Y]
1.2 2 ( 2 ) Xy z

In this problem o, =0 d.

A (a. 2. .2
20= —+1/(—)*"+7
2 (2) Xy

2
Ox.2 _ O; 2
(20‘-2—) =—:—+7xy

2 2
Oy O
4m+-z—*206‘ =—4—+T_‘:
Solving Egs. (1) and (2):

400~ 200, = 1.} M
0, =10ksi T, =14.14ksi

Oy [
-10= .__m
2 ¥V = 1414=100)
i 5059

2
(-10-Zyp =T 4 g2
2 4 T=2776kip-in. =2311b-ft Ans

2 2
lm+g’-'-+100, =9‘L+f‘: a=_M_C; =-‘-’-(2ﬁ
7 a 7 5054

100+ 100; = 7 @ M=0981kip-in=81.81b-ft  Ans
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9-51. 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 stresses at point A. Also calculate
the maximum in-plane shear stress at this point.

L= 1—‘2(0.1)(0.2)3 = 66.67(10°%) in*
=0

P Mz 500 30(0.1) 500N

Op=———= - =-20KkPa
A L (0102 66.67(10%)

35 =0

Here, the principal stresses are

oy =0y =0 Ans Oy = 0x =-20kPa Ans
O, — O,
1;3;:-: ( 2 y)2+txyz rem———— - -20 kf’ﬂ
= ('2(;'0)2+0=10k1>a Ans

*9-52. 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 stresses at point B. Also calculate . T
the maximum in-plane shear stress at this point. A

L= Ili (0.1)(02)° = 66.67( 10°) m*

L= 715(0.2)(0.1)3 = 16.67(10")m*

Op =z ‘A" = (0.05)(0.1)(0.1) = 0.5(10"*)m?

SOON
800N

ppe Do tr S0 0009

AT D02 166710

S 60 KFa
_¥0s _ 80005107 _ oo ! |« a5 <A,

Lt 66.67(109)0.1) 1 |

o, = 145kPa o, =0 Ty =—60 kPa

;- 0,
Ci2= o,-;c, i‘/(———z 2)2 4+ 7,2

_ 1452“01 (1452—<))2+(_60)2

o, =167kPa  Ans
0, =-21.6kPa  Ans

’ Oy — O,
( 5 Y)2+102
V(—lﬁ%——o)z +(-60)> =94.1kPa  Ans

T max
in- plane
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9-53. 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 stresses at point C. Also calculate
the maximum in-plane shear stress at this point.

L= Tli(o.xxo.z)3 = 66.67(10")m*

L= I!2.(0.2)(0.1)3 =16.67(10")m*
0Oc = (0.075)(0.05)(0.1) = 0.375(10"*)m’

_P Mz _ 500 + 30(0.05) S00N

Oc=—4—= =47.5kP 800N
AT T on02 e661109 4
V.Oc _ 800(0.375)(107)
Tc= = =45 kP
Lt 66.67(10-50.1) 2
o, =47.5kPa o, =0 Ty =—45kPa

o; +0, 0; = O,
01,2 =—-£—2——’-:tv(—-3‘-5—’)2+1’,,2
=47.;+0i /(47.2—0)2+(_45)2

0, =746kPa Ans
o0 =-27.1kPa  Ans

O, — O,
Tmax = ('—2};)2+1x’2

in- plase

5=
- (_%_(.))2+(—45)2=50.9kl’a Ans

*9-56. Solve Prob. 94 using Mohr’s circle. A4

T 400 psi

0:+0, _+650+400 _

-125
2 2
—> «— 650 psi
A(-650,0) B(400,0) C(-125,0) 60°
R = CA=650-125 =525 v
oy =—125-525 cos 60° = -388 psi Ans
Tyy =5255in 60°=455psi  Ams
B
650
¢ p—400
A o
@y b B
Z'(x' R S
l e
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9-57. Solve Prob. 9-2 using Mohr’s circle. "

130"
4.0°
g, +0, _5+3_ . ' v
\ -—2—— = ——=4ksi A 6x’- . g
. B t"-" d
—T1—> 8ksi R=4/(5-4)2+8 =8.0623 e’ N ¢ -
[ 1009
R 3
——> Sksi p=un > _-g2875° 1
G-4
40° ’—5.—'1
—1 26 =2(130°) = 260° r
360° -260° = 100° R
A 2 ki o = 100° +82.875° — 180° = 2.875° #.05 ksl
Or =8.0623 cos 2.875°~4=-4.05ksi  Anms fobdsi
Tyy = —8.0623 5in 2.875° =—0404 ksi  Ams N
9-58. Solve Prob. 9-3 using Mohr’s circle. lzoo psi
Construction of the Circle: In accordance with the sign convention,
o, =350 psi, 0, =-200 psi, and 7,, = 0. Hence,
-~ 350 psi v Y e-+H0°
o, +0, 350+(-200) . o *
Opg = . = 3 =75.0 psi 5¥0
—X
The coordinates for reference points A and C are v
B N
A(350,0)  C(75.0, 0) .
JR3 pst .
. . . 350p5¢
The radius of the circle is I ’
R =350=75.0 = 275 psi 271 p5 A 50°
Stresses on the Inclined Plane: The normal and shear stress 200 Ps¢
components ( o, and r,,yr) arc represented by the coordinates of point
P on the circle.
g,- = 75.0+275cos 80° = 123 psi Ans
7., = 275 sin 80° = 271 psi Ans ps))
9-59. Solve Prob. 9-10 using Mohr’s circle.
)
300 psi x
t
&i&:g;;“(»:—ls()psi 9 6o’
—> . oy
y 950 psi =0 Lf ,‘*
R = /(150)% + (950)? = 961.769 psi 1
& LN Gy
-1 950 o (‘ o a
¢ =tan -—-6 = 81.0274 P ad

15 e ) S9
%J_ w0 X% rost
A R 950 6 i
< = 180°— 60° - 81.0274° = 38.973° O5ps;
0 =-961.769 cos 38.973° — 150=~898 psi  Ans
Tyy = 961.769 sin 38.973° = 605 psi  Ans z 894p:

0y =961.769 cos 38.973-150=598psi  Anms
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*#9-60. Solve Prob. 9-6 using Mohr’s circle.
90 MPa

o, =9%MPa o, =50MPa T, = -35MPa  A(90,-35)

o+ _ 0+50 o 35 MPa
2 2 o

R = /(90 - 70)? + (35)% = 40.311

Coordinates of point B :

¢=tan”’ (-33) = 60.255°
20

=3

w = 300° ~ 180° - 60.255° = 59.745°

0, =70-40.311 cos 59.745° =49.7MPa  Anms

7, - = —40.311 sin 59.745° = -34.8 MPa Ans

9-61. Solve Prob.9-11 using Mohr’s circle.

—> 120 psi

300 psi

Construction of the Circle : In accordance with the sign
conventon, o, =300 psi, 0, =0, and 7,, = 120 psi. Hence,

The coordinates for reference point A and C are

A (300, 120) C(150, 0)

The radius of the circle is

s -
R =+v(300-150)" + 1202 = 192.09 psi

Stress on The Rotated Element : The normal and shear

stress componcms( o,. and r,,y.) are represented by the coordinates 329 Psi
of point P on the circle. 0. can be determined by calculating the

coordinates of point Q on the circle.

69-9PS('
0, = 150-192.09cos 21.34° = -28.9 psi Ans

60°
T, = 192.09sin 21.34° = 69.9 psi :
'y s psi Ans 269 P5¢
0, = 1.50 + 192.09cos 21.34° = 329 psi Ans
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9-62. Solve Prob. 9-13 using Mohr’s circle. 60 MPa
G40y _45-60 _ _;5mpa —V > 30MPa
2 2
R = /(45 +17.5)* + (30)? = 60.467 MPa 45 MPa
0, =60.467-7.5=53.0MPa  Ans 1
0, =~-60.467-7.5=-68.0MPa  Ans ‘
29’,‘ = m‘l ._3_9_._
“45+1.5)

6, =14.9° counterclockwise Ans

T max =605MPa  Ans

in- plane
Guvg =-7.50MPa  Ams
28,, =90° -~ tan" _32___
e @5+15)
r‘ M >
6,1 =30.1° clockwise Ans or.omA
S3.0MP
1£.9°
2.5 | 4S° In
- s
A 24 750 Mpn
d 30
| R / 2.50MR.
<8, al _ 60.5mbn
z”’ l‘ .
”"P:u ' Sos
9-63. Solve Prob. 9-14 using Mohr’s circle. -—

180 MPa

— > 150 MPa

A(180,-150)  B(0,150)  C(90,0) Yoo) A (180, -450)
R=CA=/90% +150 = 174.93 / 03
0, =90+17493=265MPa  Ans 2
0y =90-17493=-849 MPa  Ans @,0) 90y |0 ,0)
tan 26, = 1-95%’; 26, = 59.04°

B, 150)

6, =29.5° clockwise ~ Ans

T..'l‘;f.. =R=17493=175MPa  Ans Yt

Oug =90MPa  Ans

20, =90-59.04 295 ° HOMPa-
. ’
6, =15.5° counterclockwise ~ Ans 82-9p1py S e /3 M’:ﬁ;
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*9-64. Solve Prob. 9-16 using Mohr’s circle. 250 MPa
A
A(-200,175)  B(250,-175)  C(25,0) | > 175MPa
R = CA = /(200 + 25)*+ 175% = 285.04 ‘ 200 MPa
175
tan20 = ——— = ),
h = G001 55 0.7777
6, = 18.9° Ans 4

o1 = 25 + 285.04 = 310 MPa Ans .
3/0 MpPa.

oy = 25 — 285.04=-260 MPa Ans
18-9°
rh,.;: = R = 285 MPa Ans
- oo 260 MPa
un20, = 20 *25 _ |55

175

6, = 26.1° Ans

25MPx
Blzgo,118) 285MPA_ 25Mp,
26-1°
J(MPa,
20 (25,0, b,
A 0 |
A(-200,115)

(2, 7;:.;‘“)

Vrte)
9-65. Solve Prob. 9-15 using Mohr’s circle. -—
30 ksi

ox+0, -30+0 =15

2 2

—— 12ksi
R =y/(30—15) + (12)? = 19.21 ksi
01 =1921-15=421ksi  Anms 34.2 4si
0, =-1921-15=-342ksi  Ans "f — 2 19,34
_ 12 w
28, =tan”! ——"; 6,2 =19.3° Ans s \
(30-15) 24 - 4.214sc
A T
Tmx =R=192ksi Ans 3o b
n- 3 .

c; ~ -15ksi  Ans / 9L r5hst

avg = )

643

26, =™ —12_490°, 0,=643° A o <>—\

(73 (30_15) ’ 52 = 0%, ns [' /5‘55
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9-66. Determine the equivalent state of stress if an 2 ksi

element is oriented 20° clockwise from the element shown.

Show the result on the element. -y

Construction of the Circle: In accordance with the sign 3 ksi

convention, o, =3ksi, 0, =-2ksiand 7,, = -4 ksi. Hence,

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

The radius of the circle is

R=y(3-0.500)*+42 =4.717 ksi

Stress on The Rotated Element: The normal and shear

suress componcnm( o, and T, v) are represented by the coordinate
of point P on the circle. &, can be determined by calculating the Tkse)
coordinates of point Q on the circle.

3, .
0. = 0.500+4.717cos 17.99° = 4.99 ksi Ans S 79ksq
T, ==4.717sin 17.99° = —1.46 ksi Ans
20°
o, =0.500-4.717cos 17.99° = -3.99 ksi Ans . .
' 4 o 9
9-67. Determine the equivalent state of stress if an element 800 psi
is oriented 60° counterclockwise from the element shown.
—» .
y 450 psi
A(750,450)  B(-800,-450)  C(-25,0)
: 750 psi
R =CA=CB =775 +450° = 896.17
0, =25+896.175in0.141°=-22.8psi  Ans P

T,y =—896.17 05 0.141°=-896 psi  Ans
0, =-25-896.175in0.141°=-272psi  Ans

ALT50,459)

G, %y Tewe)

2125t 238 psi
896 pst
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*#9—68. Determine the equivalent state of stress if an A 230 MPa
clement is oriented 30° clockwise from the element shown.
-—
350 MPa
» 480 MPa
A(350,-480)  B(230,480) C(290,0) v
R =/ 60% +480% = 483.73 AGSY, -¢480)
Oy =290+483.73 c0s 22.87° =736 MPa  Ans " (%, %y
0y =290-483.73 cos 22.87°=-156MPa  Ans
Tyy = ~483.73 5in 22.87°= ~188 MPa  Ans Jtmpe )
3yt = (""’ '7':} )
e 8(230, ¢M0)
156 Mpa
188 pn Zomp
9-69. Determine the equivalent state of stress if an L 8 ksi
clement is oriented 30° clockwise from the element shown.
Show the result on the element. —— 1S5ksi
7 ksi
Construction of the Circle: In accordance with the sign
convention, 0, =3ksi, 0, =-2ksiand 7,, = -4 ksi. Hence,
-~
+ 3+(-2
Opg = g *+9 _ # =0.500 ksi
2 A
The coordinates for reference points A and C are 750
A(3, -4) C(0.500, 0)
The radius of the circle is
T(xsi)

R=4y(3-0.500)> +42 = 4.717 ksi

Stress on The Rotated Element: The normal and shear

suress componcms( o, and rx,v,) are represented by the coordinates

of point P on the circle. 0, can be determined by calculating the

. . ) Tlkse)
coordinates of point Q on the circle.
0, =0.500+4.717cos 17.99° = 4.9 ksi Ans 20T ks
T, ==4.717sin 17.99° = -1.46 ksi Ans 707 kst
=
o, =0.500-4.717cos 17.99° = -3.99 ksi Ans 574 ks¢
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9-70. Determine (a) the principal stress and (b) the
maximum in-plane shear stress and average normal stress.
Specify the orientation of the element in each case.

200 MPa

Y > 500 MPa

350 MPa

Construction of the Circle: In accordance with the sign
convention, 0, =350 MPa, o, =-200 MPa, and 7,, =500 MPa.

Hence,

0, +0, _350+(-200)

2 2 =75.0 MPa Ans

Oy '

The coordinates for reference points A and C are
A(350,500) C(75.0, 0)

The radius of the circle is

R = y(350-75.0)% + 5002 = 570.64 MPa

a)
In- Plane Principal Stresses: The coordinate of points B and
e i D

D represent o, and o, respectively. T(MPa>

o, =75.0+570.64 = 646 MPa Ans

o, =75.0-570.64 = —496 MPa Ans

R=570.64
Orientation of Principal Plane: From the circle
500 496
tan 26, = ———— =3.5000
Pr350-175.0 3 646 MPa.
6,, =30.6° (Counterclockwise) Ans 206"

P
b)

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

750 MPa
rm!,;,‘:“ =R =571 MPa Ans 57 MPa
144"
Orientation of the Plane for Maximum In - Plane Shear 750MFo.
Stress: From the circle
50-75.
tan 26, = E————O =0.2857
500
6, =14.4° (Clockwise) Ans
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9-71. Determine (a) the principal stresses and (b) the
maximum in-plane shear stress and average normal stress.

Specify the orientation of the element in each case.

A 80 MPa

10 MPa

[, 60MPa

Construction of the Circle: In accordance with the sign
convention, o, = 10 MPa, g, =80 MPa and 7,, =-60 MPa.

Hence,

The coordinates for reference points A and C are
A (10, -60) C(45.0, 0)

The radius of circle is

R = (45.0— 10)* + 60 = 69.462 MPa
a)

In - Plane Principal Stress: The coordinate of points B and
D represent 6, and o, respecuvely.

o, =45.0+69.462 = 114 MPa Ans
o, =45.0-570.64 = -24.5 MPa Ans

Orientation of Principal Plane: From the circle

60

=2 17143 20, =59.74
an 26,, = 35.0-10 ’:
26, =180°-26,,

180°-59.74°

- =60.1° (Clockwise) Ans

10— | - R=69.462
Al E

) c ST MPu,) 249 MPa.
28,
450 60-1°
?{MP“) 114-MPa
45-0MPg,
15.4°
45.0 MPa_
69.5 M Pa,
b)
Maximum In- Plane Shear Stress: Represented by the
coordinate of point E on the circle.
T max = —R=-69.5MPa Ans
in-plane

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

45.0-10
tan 28, = ———— =0.5
), 0 833
6, =15.1° (Clockwise) Ans
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#9-72. Determine (a) the principal stresses and (b) the

A 50 MPa
maximum in-plane shear stress and average normal stress.
Specify the orientation of the element in each case. -«
——F—> 30MPa
A(0,-30)  B(50,30) C(25,0)
v
R=CA=CB=/25+30% = 39.05
a)
0 =25+39.05=64.1MPa  Ans
0; =25-39.05=-14.1MPa  Anms
tan 26, =30 26, =50.19° @, = °
p = % )p = 50. p, =25.1 64.1 MPe
A/ MPe
b) .
Ty =R=39.1MPa  Ans =
Ouwvg =25MPa  Ans
26, =90-26,
9, = -19.9° <5MPa
39 1MA
2.
Yo
9-73. Determine (a) the principal stresses and (b) the 8 ksi
maximum in-plane shear stress and average normal stress.
Specify the orientation of the element in each case. — VvV > 4ksi

12 ksi
¢ A
A-12,4) B(-8,-4)  C(-10,0)
¢ ) ¢ 8(-8,4)
R=CA=CB=y/Z+ & =4472 m
a) > X .
(%,0 «,o0 O (Kksi)
0, =-10+4472=-553ksi  Ans AN 4,0
0, =-10-4472=-145ksi Ams o (ks0)

AC1Z,e) ~ (&v' ) 7;..‘)

_ 4 _ o - 1.7°
wn26,=> 26, =6343 6,= o3 553K

b)
Tmx =R=44T7ksi Ans
s 217°
O.vy =—10ksi  Anms 1#.5kst

20, = 90-26,
6, =133°
10 kST

4414380
3:3° 10ks;
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9-74. Determine (a) the principal stresses and (b) the 4 30 MPa
maximum in-plane shear stress and average normal stress.

Specify the orientation of the element in each case. I
45 MPa
——1—» 50MPa
A(45,-50) B(30,50) C(37.5,0) I
ey ,~Trgr) <A(45,-50)
R=CA=CB= /15" +50 =50.56
2 ol | % N \6,0
0y =37.5+50.56=88.1MPa  Ans J(Mhy
0, =375-50.56 =-13.1 MPa Ans
50 Yeriha) B(30,50)
w2, === 26, =8147° 6, = —407°
b) 13.1MPs
1".,3;, =R=50.6 MPa Ans \
Oavg =37.5 MPa Ans s0.7°
26, =90-26,
6, =4.27° Ans 881 Mfa
37.6 MPa
"I—' S0-6mpa
._.4. | _37sma
_r. ’-.z’c
9-75. The square steel plate has a thickness of 0.5 in. and 16 Ib /in.
is subjected to the edge loading shown. Determine the s =—=s—=—
principal stresses developed in the steel. |
| 16 1b in.
4in. *
2t
r 4in. il
Construction of the Circle: In accordance with the sign
1
convention, o, =0, 0, =0, and 7, = 0—65- = 32.0 psi. Hence,
O'an = o,+o.v =0L()=0 — Ez‘o'ps‘
2 2 J'
The coordinates for reference points A and C are —

A (0, 32.0) C(0, 0)

The radius of the circle is /
[« .
(Psc
\[ B -

= 2 = i
R =y0+32.02 = 32.0 psi D Jz:g
) 320 %
In - Plane Principal Stresses: The coordinates of points B and
D represent 0, and 0,, respectively. S+ A
o, =0+32.0=32.0psi Ans TIPSO

0, =0-32.0=-32.0 psi Ans
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#9-76. Determine (a) the principal stress and (b) 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, = 15ksi, 0, =0 and 7,, = -5 ksi. Hence,

Opg = ———% = —— =7.50 ksi Ans

The coordinates for reference point A and C are
A(lS, =5)  C(7.50, 0)

The radius of the circle is

R=y(15-7.50)% + 52 = 9.014 ksi
a)
In- Plane Principal Stress: The coordinates of points B and
D represent o, and 0,, respectively.

A
g, =7.50+9.014 = 16.5 ksi Ans
0, =7.50-9.014 = -1.51 ksi Ans
Orientaion of Principal Plane: From the circle 750 l
Tlksc)

5 151 kst
tan 26, =-——— =0.6667
' 15-7.50 168°
6‘,I =16.8° (Clockwise) Ans
b) 165 ks(
Maximum In- Plane Shear Stress: Represented by the

coordinates of point £ on the circle.

750 Ks¢ )
T max =-R=-9.01ksi Ans 750 kst
10-plaoe 28-2 .
Orientation of the Plane for Maximum In- Plane Shear 9.01ksi
Stress: From the circle
15-7.50
tan 26, = —= 1.500
6, =28.2° (Counterclockwise) Ans
9-77. Draw Mohr’s circle that describes each of the 30 ksi 30 ksi
following states of stress.
& 30 ki T
I l«—— 30 ksi
a,b) Construction of the Circle: In accordance with the sign ON\—
convention, 0, =-30ksi, o, =30ksi, and 7, =0. 30°
Hence
" 30
(a) (b)
o, +0, =30+30
g"g = —2.. = —2. =
A ¢ ‘
The coordinates for reference points A and C are 2300 0 (ks0)
A(-30, 0) C(0, 0)
The radius of the circle is R = 30 -0 = 30.0 ksi
Tks)
(a,b)
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9-78. Draw Mohr’s circle that describes each of the
following states of stress.

2 ksi
600 psi
l l —— 20 MPa
-— —
800 psi
T T
(a) (b) (c)

800

.o 5004 (_600) /\

. =Xy - ; C Rs700 .

g 2 2 100 psi —U(psi)

The coordinates for reference point A and C are \‘/

a) Construction of the Circle: In accordance with the sign
convention, o, =800 psi, 0, =—600 psi, and 7,, = 0. Hence,

A(800, 0)  C(100, 0) |-/oo
Tlpsi)

The radius of thecircleis R = 800 - 100 = 700 psi

(a)

b) Construction of the Circle: In accordance with the
sign convention, 0, =0, o, =-2ksi and 7., =0. Hence,

=3

The coordinates for reference points A and C are

A0, 0)  C(~1.00, 0)

Tdpsi)
The radius of thecircleis R =1.00-0=1.00 ksi (b)

¢) Construction of the Circle: In accordance with the
sign convention o, = g, =0 and 7., = 20 MPa. Hence,
o, +0,
Oug == =0 c
K G(MPE)

The coordinates for reference points A and C are

200 R=20-0
A(0, 200 C(0, O)
A
The radius of the circle is R =20.0 MPa T(MPa)
()
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9-79. A point on a thin plate is subjected to two successive 50 psi
states of stress as shown. Determine the resulting state of
stress with reference to an element oriented as shown on

the bottom.

30°

For element a: [ @, (Mgl -

A(50,0) B(0,0) C(25,0) 4

R=50-25=25 —_—

b(Pst)

(Gx)a =25+25cos 60° =37.5psi  BC022 o | N30 -

(0y)a = 25—25 cos 60° = 12.5 psi

(Txy)a = 25 sin 60° = 21.65 psi — T

[eda, (Teh]

For element b: Yps)
A(0,-45) B(-18,45) (C(-9,0)

= 2 = 45.
R =y/9%+45% = 45.89 A(0,45)

(0x)p = ~9+45.89 cos 1.31° = 36.88 psi

(0y )» =~9—45.89 cos 1.31° = ~54.88 psi )
131 .

(T )b = 45.89 sin 1.31° = 1.049 psi (%A G , versi)

[0, 0ip)

O, =(0y), +(0,), =37.5+3688=744psi Ans
0y =(0y)a +(0y)p =12.5-5488=-424psi  Ans
Tay = (Try)a +(Try Jp =21.65+1.049=227psi  Anms

Beiges) | v (psiy

*9-80. 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(oy, 7y ) on the circle gives the same value as the
stress-transformation Eqgs. 9-1 and 9-2.

A0,,7)  B(0y,~Ty) C((i'—"iz—"—’>,0)

o, +0, 2 =
R= ‘/[c, -EEH g - (3‘—?&)2 +
., O+ =
o, =& % ‘/("‘ % )2 + 72, cos 07 )
2 2
6’ =26, - 20
cos (26, — 260) = cos 20pcos 20 + sin 20psin 20 Q?)
From the circle :
c. - 0,+ o,
€08 26, = == 3
‘,(.i_z__’.)z + 1;3’
sin26, = ke O]

o, —~ O,
Ve 4 g

Substitute Eq. (2), (3) and (4) into Eq. (1)

o+ -
o = __2& + EfTalcos 20+ 1, sn20 QED
Tyy = ‘/(6“—;31)2 + 2 sin @ 5)
sin @ = sin (26, - 26)

sin 26, cos 20 — sin 26cos 26,  (6)

Substitute Eq. (3), (4), (6) into Eq. (5),
Toy = - ﬁ—;—‘flsinze +7,c0820 QED
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9-81. The cantilevered rectangular bar is subjected to
the force of 5 kip. Determine the principal stresses at
point A.

Internal Forces and Moment: As shown on FBD.

Section Properties:

V=3.0kip
N N=4.0 kip,
A=3(6)=18.0in - s
L(3)(6) =540’ -450kpin o
I=(3)(6) =54.0in ipi TR 1 * e
0, =¥A’=2.25(1.5)(3) =10.125 i’
Normal Stress:
N My
o=—+—
A 1
4.00 45.0(1.5) )
04 = — +——— = 1.4722 ksi
18.0 54.0
. 149
Shear Stress: Applying the shear formula 7= e
t
3.00(10.125)
T, = ——————— =0.1875 ksi
4= 53003 .
—
Construction of the Circle: In accordance with the sign convention.
o, = 1.4722ksi, 0, =0, and 7, =-0.1875 ksi. Hence, 4—1- 1472 k3¢
—— 01875 ks¢
_o,+0o, | 472+0_07361 Ksi
U,V! = T = _2- =uU. S1
The coordinates for reference points A and C are 472
A(1.4722, -0.1875 C(0.7361, 0
( ) ( ) 01975 A
The radius of the circle is 5 = 7 7 (ksi)
R= ‘/(1.4722—0.7361)2+0.18752 =0.7596 ksi 8
In - Plane Principal Stress: The coordinates of points B and
D represent g, and 03, respectively. 'O_Jm
Tirsi)
g, =0.7361+0.7596 = 1.50 ksi Ans
g, =0.7361 - 0.7596 = -0.0235 ksi Ans
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9-82. Solve Prob. 9-81 for the principal stresses at point B.

Internal Forces and Moment: As shown on FBD.

Section Properties:

A=3(6)=18.0in’

1 V=30 kip
l=l-2-(3)(6’) =54.0in* N=4.0kip
. AN s
0y =yA’'=2(2)(3) = 12.0in° aen T |3
M=450 kip-in 7 -7 F -y
Normal Stress: P
N M
o=—1t 2
AT
4.00 45.0(1
B =—-——E——)-=—06lll ksi
180 54.0
. Vo
Shear Stress: Applying the shear formula 7= 7
3.00(12.0
22020 an ki
54.0(3)
Construction of the Circle: In accordance with the sign convention,
o, =-0.6111ksi, o, =0, and 7., =-0.2222 ksi. Hence.
[ T—
o, +0, -06111+0 .
Oy == =—F — = -0.3055 ksi -l—o'bm ks

— 0-2222 ks
The coordinates for reference points A and C are

A(-0.6111, —0.2222)  C(-0.3055, 0)

The radius of the circle is <l
5 AR08
R =4(0.6111-0.3055)"+0.22222 = 0.3778 ksi %
[s§277] !
In - Plane Principal Stress: The coordinates of points B and ? C 5 T lksi)
D represent 0, and 0,, respectively. ]
o, =-0.3055+0.3778 = 0.0723 ksi Ans
g, =-0.3055-0.3778 = —0.683 ksi Ans ‘ 0.3055

Tks)

499




© 2008 by R.C. Hibbeler. Published by Pearson Prentice Hall, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all
copyright laws as they currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

9-83. 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 b 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(05) = 1.00 in’
1
I=13(05) (2°) =03333in*

0 =¥A’=0.5(1)(0.5) = 0.250 in’

Normal Stress:

oM. M
AT
13726 45480
=000 o3z e
Vo

Shear Stress: Applying the shear formula 7= R

_79.25(0.250)

= O 1887 psi
¢ = 0333305 psi

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

o, +0, 0+(-137.26)
(e} = — =

we == ) = -68.63 psi

The coordinates for reference points A and C are
A(0, 118.87)  C(-68.63, 0)

The radius of the circle is

R =(68.63-0)%+118.872 = 137.26 psi
In - Plane Principal Stress: The coordinates of points B and
D represent o, and 0, , respectively.

o, =—68.63+137.26 = 68.6 psi Ans
o, =-68.63 - 137.26 = 206 psi Ans

16649 Ib

N=/37.26 1b
M=47548 [b-in.
v=79.251b

®) bin.

158-49 16
13726 Ps¢

11887 PS¢

l
68-63
K\ \ b 1 (ps)

1887

TpsO)
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*9-84. 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 1b, determine the principal
stresses in the material on the cross section at point C.

Internal Forces and Moment: As shown on FBD.

Section Properties:

>M=3oo l.in.

1 3 .4
= — =0.012
I= 12(0.3)(048 ) 0.0128 in

Q- =y'A’ =0.3(0.2)(0.3) = 0.0180 in’ V=75.01b
Normal Stress: Applying the flexure formula,

My  -300(0.2) . )
O, = —— = —————— = 4687.5 psi = 4.6875 ksi
I 0.0128

Shear Stress: Applying the shear formula.

VO 75.0(0.0180)

Tp = —— = —————— =351.6 psi = 0.3516 ksi —— 0350 ks
It 0.0128(0.3)
'{—’446/5 ks
Construction of the Circle: In accordance with the sign convention.

o, =4.6875ksi. 0, =0, and 7., =0.3516 ksi. Hence.

o . +0, 4.6875+0
Cuvg = = ———— = 2.34375 ksi
2 2

< - 234375
The coordinates for reference points A and C are N
l 03516
A (4.6875.0.3516) C(2.34375, 0) 268 .
The radius of the circle is %;7‘
R= v/(4‘6875 —2.34375)7 +0.3516? = 2.3670 ksi \/1

In- Plane Principal Stress: The coordinates of poimnts B and

v

D represent ¢, and 0, respectively. +.6875
o, =2.34375+2.3670 = 4.71 ksi Ans ’Z’(‘(SLJ
0, =2.34375-2.3670 = -0.0262 ksi Ans
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9-85. The frame supports the distributed loading of 200 N/m
200 N/m. Determine the normal and shear stresses at point
D that act perpendicular and parallel, respectively, to the

Yy v y A B J

grains. The grains at this point make an angle of 30° with the B ﬁ 30‘?‘\\\\{75 | © 1200 mm
horizontal as shown. D
-1 maL—l.S m < M
100 mm

4t
©) 50 mm
|-
100 mm
o0@2:5):=500 N
Femmmem e e -
Support Reactions: As shown on FBD(a). e . %
pp ( P 1
|
Internal Forces and Moment: As shown on FBD(b). 126m | 125m
250N 250N
Section Properties: @)
1
1= l-2-(0.1>(o,2’) =66.667(107°) m* 200¢1)=200 N
Qp = A’ =0.0625(0.075)(0.1) = 0.46875(107°) m’ Ty e
" YMzts0u-m
Normal Stress: Applying the flexure formula, m
Z50N ®)

My  150(-0.025)

==—————— =56.25kPa
I 66.667(10-6)

Op =

Shear Stress: Applying the shear formula,

Construction of the Circle: In accordance 10 the established sign
convention, g, = 56.25 kPa, o, =0 and 7,, =-3.516 kPa Hence,

The coordinates for reference point A and C are
A(56.25, —3.516) C(28.125, 0)

The radius of the circle is
R= \/(56.25 -28.125)* +3.5162 = 28.3439 kPa

Stresses on The Rotated Element: The normal and shear

stress components ( 0, and 7, ) are represented by the coordinates

of point P on the circle. Here, 8 = 60°.

0, = 28.125-28.3439c0s 52.875° = 11.0kPa  Ans ]
T,.,. = ~28.3439sin 52.875° = ~22.6 kPa Ans w125
TCKPa)

502




© 2008 by R.C. Hibbeler. Published by Pearson Prentice Hall, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all
copyright laws as they currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

9-86. The frame supports the distributed loading of 200 N/m

200 N/m. Determine the normal and shear stresses at point

E that act perpendicular and parallel, respectively, to the Y YYYVYVYVYY
grains. The grains at this point make an angle of 60° with the - ?; 30‘?\ — 75% ©

horizontal as shown. D
-1 m#—l.S m*JC

i 60°

4
t30 mm 50 mm

JT

100 mm
Ro02:5)=500 N
I :
N
126m | rz5m
250N 450N
@)
Support Reactions: As shown on FBD(a).
Internal Forces and Moment: As shown on FBD(b). N:Z50 N
Section Properties:
A=0.1(0.05) =500( 107°) m’ ®)
Normal Stress:
N -250 250N
Op=—=—— " =-50.0 kP:
S X T 500100 T 0k
1500 kfa

Construction of the Circle: In accordance with the sign
convenuon. o, =0, 6, =-50.0kPa. and ., = 0. Hence.

o, +0, 0+(=50.0) T
Oy = ——— = ————— =-25.0kPa

Ther coordinates for reference points A and C are
A(0. 0) C(=25.0, 0)

The radius of circleis R =25.0-0=25.0 kPa

Stress on the Rotated Element: The normal and shear
stress componcnls( o, and ‘r(.v-) arc represented by coordinates 250
of point P on the circle. Here, 6 = 150°.

o, ==25.0+25.0cos 60° =-12.5 kPa Ans
T, = 25.0sin 60° = 21.7 kPa Ans
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9-87. The bent rod has a diameter of 15 mm and is
subjected to the force of 600 N. Determine the principal
stresses and the maximum in-plane shear stress that are
developed at point A and point B. Show the results on
elements located at these points.

Section Properties:

A = 7(0.0075%) =56.257(107) m’ 600N
_r - _9 4
I=2(0.0075") =24850(107) m
Q=0;=0
Stress:
N  Mc
o=—t—
AT

_ 600 + 30.0(0.0075)
7 56.257(10-6) ~ 2.4850( 10-9)

o, =3.3953-90.5414 = -87.14 MPa

op = 3.3953+90.5414 = 93.94 MPa

Ty, =13 =0since Q, =Q; =0
Construction of the Circle: In accordance with the sign
convention, o, =-87.14 MPa, 0, =0, and 7., =0 for point A.
Hence,

The coordinates for reference points A and C are A (-87.14, 0)
C(-43.57. 0).

The radius of the circle is R = 87.14-43.57 = 43.57 MPa

In-Plane Principal Stresses: The coordinates of points B and
A represent 0, and 0,, respectively.

g =0 Ans
o, =-87.1 MPa Ans

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

=R =43.6 MPa Ans

T» max
in-plane

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

26,=90° 6, =45.0° (Counterclockwise) Ans
Construction of the Circle: In accordance with the sign

convention, 0, =93.94 MPa, ¢, =0, and ,, =0 for point B.
Hence,

Opg === = 4697 MPa

The coordinaws for reference points A and C are A (93.94, 0)
C(46.97, 0).

The radius of the circle is R = 93.94 - 46.97 = 46.97 MPa

100 mm——’«—lOO mm
A
—

\
50 mm B
600 N 600 N
M=30.0N-m
N=6ooN | 674 MPe BHMA
Point A Foirt 8
A[Re43.57 c 8 smpe)
264
Tirpa)
For ﬁa/nf A

0(Mpe)
E
TUMPa)
/-;r eo[m‘ 8
43.6Mp, 43-6MPa 470M,
45.0°
4Tom,
450"
43.oMPa “4]-0r44,
Point A Points

In-Plane Principal Stresses: The coordinates of points A and
B represent 0, and o, . respectively.

o, =93.9 MPa Ans
o, =0MPa Ans

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

T =R =47.0 MPa Ans

max
in-plase

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

26, =90° 6, =45.0° (Clockwise) Ans
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*9-88. Draw the three Mohr’s circles that describe each of
the following states of stress.

6 ksi
A
o
~
; % 40 MPa
100 psi 50 MPa
\ T (b)
(a) - P
SN y )
=bKksi
~J_ 600 psi ROk
200 psi Tlksi)
l @)
9 ksi 30 MPa
(0
~ ~ 2
-
7 ksi 30 MPa _
Tt} i impa)
30 MPa lnax>50 M
| | O oM a0 B
(d) (e)
TiMba)
(b)
0o, 100R5
a)  Opy, =6ksi Gy = Opj, =0
=200 P50 .
e 20025 0(psi)
Um‘éoof-fé
Tepsi)
b) o06,,.,=5MPa o0,=0 o0,,=-40MPa (c
= 7ksé | Imar0
¢)  Onn =600psi 0, =200pst O, = 100 psi Tlkse)
Omin 2-9ksi

Vs
@)
d) 06,.,.=0 o0,=-Tksi 0., =-9ksi
T(MPa)
P
Onec ot =l = 30m
TiMba)
(@)

€)  Opu =0, = Ony, =—30 MPa
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9-89. Draw the three Mohr’s circles that describe each of
the following states of stress.

15 ksi 65 MPa

- Dkt | 65 MPa

b)
65 MPa
| \ b (A
(a) (b) 0;=Fe= D= 65MP
Wes)

9-90. The stress at a point is shown on the element.
Determine the principal stresses and the absolute maximum
shear stress.

X
. . 80 psi

Construction of the Circle: Mohr's circle for the element Z

in the y —z plane is drawn first. In accordance with the sign 40ps
convention, 0, =90 psi, 0, =-80 psi, and 7,, =40 psi. Hence, I 90 ps¢

+ 90+ (-80,
Cpg = _—.a’ % = ———(———) =5.00 pst
¢ 2 2 Y

The coordinates for reference points A and C are A (90, 40)
C(5.00, 0).

The radius of the circle is R = y (90— 5.00)% + 402 = 93.94 psi

In-Plane Principal Stress: The coordinates of points A and
B represent 0, and 0,, respectively.

o, =5.00+96.94 = 98.94 psi
o, =5.00-96.94 = —88.94 psi

Construction of Three Mohr's Circles: From the results
obtained above,

O =989psi o, =-889psi o0,, =-100psi Ans

Absolute Maximum S hear Stress: From the three Mohr's circles

o i~ Omia _ 98.94-(-100)

max @i
abs

=99.5psi Ans JE. R
max 2 2
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9-91. The stress at a point is shown on the element. z
Determine the principal stresses and the absolute maximum
shear stress.

in the x ~ z plane is drawn first. In accordance with the sign
convention, o, =0, 0, =0, and 7,, =5 ksi. Hence,

Construction of the Circle: Mohr's circle for the element — oS

The coordinates for reference points A and C are A (0, 5) and
C(0. 0).

The radius of the circle is R =5.00ksi

In-Plane Principal Stress: The coordinates of points A and
B represent 0, and 0, respectively.

g, =0+5.00=5.00ksi
g, =0-5.00=-5.00 ksi

Yiksi)

\7ksi

5 ksi

45500 ks¢

Construction of Three Mohr's Circles: From the results Tor- .
obuuned above. in” F 00K U = 700KS:
UCksc)

A(0,-80)  B(90,80) C(45,0)

JoMm
"L' B0MPa

452 + 802 =91.79
oy =45+91.79 = 136.79 MPa
0, =45-91.79 = -46.79 MPa

Thus,
o, =150MPa  Ans

z
Determine the principal stresses and the absolute maximum
shear stress. /L
For y -z plane: y
X

6,=137MPa  Ans
0y =—468MPa  Ans Alo,-80)
(Fh‘
150 (-46.8)

T
=464 =137 H1pa

7 B=150MF4

ij

Tabs = L 2°“‘"= '2' -1 =984MPa  Ans ZF 0)0
1)
: 6(90,50)

Opax = 1.00ksi 0, =5.00ksi o, =-5.00ksi Ans W
/[:!u
max
Absolute Maximum S hear Stress: From the three Mohr's circle i
Cmax = Omin _ 1.00—(=5.00) (kse
Type = —2 = ( =6.00ksi Ans B
max 2 2
*9-92. The stress at a point is shown on the element. 90 MPa
80 MPa
Vel

150 MPa
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9-93. The principal stresses acting at a point in a body are z
shown. Draw the three Mohr’s circles that describe this
state of stress, and find the maximum in-plane shear stresses
and associated average normal stresses for the x—y, y—z, and
. Y |40MPa
x—z planes. For each case, show the results on the element

oriented in the appropriate direction. o
~
/ >~ wMp
40 MPa

Three Mohr's Circles: o,,, =40MPa 0, = Oy, =—-40 MPa

T =5,-",=+<>M&/ ]
n U.mu'4‘OM
\\ - (M.

40
For x-y Plane:
S
G, =0 T pe =40.0 MPa Ans Y(APe)
ta-plane / \ ?
\ /400MP¢‘
x,
Fory-z Plane:
-3
40.0MPa
T,y =—40.0 MPa T max =0 Ans
in-plane
ks
For x-z Plane: H
Gy =0 T max  =40.0MPa Ans / \
1n-plane MOM&\ /
x
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9-95. The solid shaft is subjected to a torque, bending
moment, and shear force as shown. Determine the principal
stresses acting at points A and B and the absolute maximum
shear stress.

300 N-m
45 N'm
Internal Forces and Moment: As shown on FBD.
Section Properties:
¥
n 4 -6 4 A
L= Z(o.o:zs ) =0.306796(107°) m 5
7= 5(0025%) =0613592(10°) m* z
(Qa), =0
(Q5), =VA

4(0.025)1 1 : :
=—3—”—[5(m(o.025 )]: 10.417(107°) o’

{ 4.889Mpa
Normal Stress: Applying the flexure formula. i

— |-833Mp
z
o= My Point A
A -
-60.0(0.025)
Oy = ~——————— =4.889 MPa
0.306796(10-9) A
~ —60.0(0) _ o
98 = T0306796(106) 3
Q
Shear Stress: Applying the torsion formula for point A, = PG
Tc 45.0(0.025)
Ty = —j—=m =1.833 MPa
: For Point A For Point 8
The wransverse shear stress in the y direction and the 1orsional shear Tf,:zf) TUMPR)

stress can be obtained using shear formula andtorsion formula.

! T
Ty = — and T, = —p- respectively. ) )
It / In- Plane Principal Stresses: The coordinaies of points B and
D represent o, and 0, , respectively. For point A
T = (TV), ~ Tiwist

_ 800[10.417¢ 10°9)] _45.0(0.025) o, = 2.445+3.056 = 5.50 MPa
7 0.306796(10-5) (0.05)  0.613592(10-¢) 0, =2.445-3.056 =-0.611 MPa
=-1.290 MPa

For pont 8.

6, =0+1.290 = 1.29 MPa
0, =0~ 1290 = ~1.290 MPa

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

o. +0, 4.880+0 Three Mohr's Circles: From the results obtained above, the
Tavg = - x—2 L= 3 =2.445 MPa principal stresses for point A are
= ¢ = =-0.611 MPa A
The coordinates for reference points A and C are A (4.889, ~1.833) Opae =5.50MPa 0, =0 T, =-0.611 MPa Ans

d C(2.445, 0).
ad : And for pomnt B

The radius of the circle is

R = y (4.889 - 2.445)> + 1.8332 = 3.056 MPa

=0 o

m

Opax = 1.29MPa o,

it

o =—-1.29MPa  Ans

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

Absolute Maximum Shear Stress: For point A,

_G. o, _ -0 -(-0.611
Sw=—7 =0 £, = Jm T 307081 _306MPa  Ans
max 2 2
The courdinates for reference points A and C are A(0, - 1.290) and
Ci0. 0) For point B,
s i T - [ - -(-1.
The radius of the circle is R = 1.290 MPa = Crax - Omia _ 1.29 (2 1.29) —129MPa  Ans
max
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*9-96. 'The bolt is fixed to its support at C. If a force of
18 1b is applied to the wrench to tighten it, determine the
principal stresses and the absolute maximum shear stress
developed in the bolt shank at point A. Represent the
results on an element located at this point. The shank has a
diameter of 0.25 in.

18 1b

Internal Forces and Moment: As shown on FBD.

Section Properties:

L =7(0125*) =0.191748(107) in*
T
J=5(0.125%) =0.383495(10°) in*
Q=0
Normal Stress: Applying the flexure formula,

My -36000128) .
L oaou7as(ioyy | R

c,=-

Shear Stress: Applying the torsion formula.

+
T.c 108(0.125) 0425 in. A
ty=—=—-—-—-—— =3520k
AT T 0.383495(107) s
z
Counstruction of the Circle: o, =0, o, = 23.47 ksi, and
t.. =~35.20 ksi. Hence, )
£ 23.47 k3¢
o.+0, 0+2347 3 *—I—
Ouy = 22 = 220 11 735 ksi 30k
2 2 l‘ {
The coordinates for reference points A and C are A (0, —35.20) —1—»

and C(11.735, 0).
The radius of the circleis R =4/ (11.735 -0)2+ 35.202 = 37.11 ksi

In- Plane Principal Stress (x - z): The coordinates of points B
and D represent o) and 0, . respectively.

o, = 11.735+37.11 = 48.84 ksi 3520
o, = 11.735-37.11 =-25.37 ksi .

2 37 ks (ks

Orientaion of Principal Plane(x -z): From the circle
35.20
= =3.00 26, =71.57°
@n 26, = 11735-0 P2 1
TKks

20, =180°-26,,

4 5 117 Ksi

180°=71.57°

§, = —————=542° (Clockwise)
B 2 25.4 ks¢
(
Three Mohr's Circles: From the results obtained above. the 17 1//5 —
rincipal stresses are
ponap ek ITIkS | 2 2°
o =488ksi o0, =0 O, =-254ksi Ans 4355&

max . & at min

Absolute Maximum Shear Stress: The absolute maximum shear
stress occurs within x —z plane and the state of stress is represented by
point £ on the circle.

And the orientauon 1s

- 48,84 - (~25.37
e, = Om O BBTCBID G pns
ok 2 2 n 26, = 11‘735—0_03333
T 3520
8, =9.22°
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9-97. Solve Prob. 9-96 for point B.

Internal Forces and Moment: As shown on FBD.

Section Properties:

L= %’(0.125‘) =0.191748( 107 in*

= 2(0.125") =0.383495(10°) in*

_4(0.125)
Y

[%(n)(O.lZSZ)]= 1.302083( 107*) in®

Normal Stress: Applying the flexure formula,

_ My -36000) o y ”la‘
% =7 T T0.191748(10%) (DEBOEL Ms-s600 i
~
V4
The transverse shear stress in the y direction andthe torsional shear 7;: /08 1b-in.

Vo

stress can be obtained using shear formula andtorsion formula, 7y = "7

Tp .
Twase = respectively.
Tg = (rV)y ~ Tiwist
_ 18.0[1.302083(10‘3)] 108(0.125)

T 0.191748(10-3)(0.25)  0.383495(10°3)
=-34.71 ksi

Construction of the Circle: o, =0, =0, andt,, =-34710ksi.
Hence,

— 24.7/ ks¢
The coordinates for reference points A and C are A (0, —34.71) and A ‘

C(0, 0). X
The radius of the circle is R = 34.71 ksi A
In- Plane Principal Stress (x -y ): The coordinates of points B 47 3
and D represent ¢, and 0,, respectively. N ’\;Z‘gp, '
) T 1) 7 (ks)
o, =0+34.71 =34.71 ksi
0, =0-34.71 =-34.71 ksi L
Orientaion of Principal Plane (x -y ): From the circle ]
Tlkse)
26, =90° 6, =45.0° (Clockwise)
k1 ?
Three Mohr's Circles: From the results obtained above, the .
principal stresses are 347 kse
e
.. =347ksi 0, =0 ©,,=-347ksi  Ans T l
. . “d — 347K
Absolute Maximum Shear Stress: The absolute maximum shear 247k | ’
stress occurs within the x —y plane and the state of stress is represented x

bypoint A on the circle.

0. —0.. 3471-(=3471
Typs = —o—n = ( ) _347ksi Ans
mu 2 2.
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9-98. The stress at a point is shown on the element. z 120 psi
Determine the principal stresses and the absolute maximum
shear stress.

\ /
X y
/\ 36&6 '
For x-y plane : 90 psi pst

A(70,-30)  B(-90,30) C(-10,0)
R = /807 +30% = 85.44
o) =—10+ 85.44 = 75.44 psi
0y =—10—85.44 = -95.44 psi

Here
o, =754 psi  Amns
0; =-954psi  Ans
03 =—120psi Ans

Ton, = Omax = Omin _ 7544"‘(-120)
:uh' N 2 - 2

=977psi Ans

9-99. 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 a 45° seam with the horizontal.
Determine the normal and shear stress components along
this seam if the vessel is subjected to an internal pressure of
3 MPa.

1250

Normal Stress: Sinceg = = =833> 10, thinwal analysis

for a cylindrical pipe is valid.

250 MPa.
3(1250 !
Clong. = ef: ———( ) =125 MPa *
2t 2(15) AN .
pr 3(1250) Sl
Ohoop = " = T =250 MPa PR— 125 MPa—
A5
Construction of the Circle: In accordance with the sign l
convention. 0, =125 MPa. o, =250 MPa, and 7,, = 0.
Hence, 125 P
o, +0 1254250
Oug = — 2 L = = 187.5MPa A/:\\ T(MFs)
]
<7,
The coordinates for reference points A and C are A (125, 0) and
C(187.5, O).
187.5

The radius of the circle is R = 187.5- 125 = 62.5 MPa .
TMp)

Stress on The Rotated Element: The normal and shear
stress componems( a,. and t,»y.) are represented by the coordinates
of point P on the circle.

o, = 187.5 MPa Ans
Ty = —62.5 MPa Ans
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*#9-100. Determine the equivalent state of stress if an

element is oriented 40° clockwise from the element shown.
Use Mohr’s circle.

10 ksi

—— 6 ksi

A6,0) B(-10,0) C(-2,0)
R=CA=CB=8
Oy =—2+8cos 80°=-0.611ksi Ans
Ty = 8 sin 80° = 7.88 ksi Ans I
Oy =—2-8cos 80°=-3.39ksi  Anms
@l’ -7;1 l)
39 ks \ )
7gm ks BC10) , A(L,o)‘
i a5y Y% oesi
%0
O-bi ks;
(&7,
i 17:,'} YeksT
9-101. The internal loadings on a cross section through
the 6-in.-diameter drive shaft of a turbine consist of an axial in
force of 2500 Ib, a bending moment of 8001b-ft. and a '
torsional moment of 1500 1b - ft. Determine the principal 25001b
stresses at point A. Also compute the maximum in-plane 800?)? S
shear stress at this point. 1300 1b-ft
Z70-55,

Section Properties:

A=n(3) =9.0n in’ =2(3") =20257 in*

7=3(3") = 4057 in*

Normal Stress: 5411 psi

——> 424.4 PS5
N M
A I

—-2500 800(12)(3) _

g, =—— = ———— =~
A 20.257

Shear Stress: Applying the torsion formula,

Tc  1500(12)(3)
T, = 7 = __”_

Construction of the Circle: In accordance with the sign
convention, o, =-541.1psi, 0, =0, and t,, =424.4 psi. Hence,

270.55 psi

AT

2}
4244 5
__.1__%
A l.__E_a
5411
Fepsed

The coordinates for reference points A and C are A (=541.1, 424.4)
and C (-270.55, 0).

The radius of the circle is

R =(541.1-270.55)% + 424.4 = 503.32 psi

In-Plane Principal Stress: The coordinates of points B and
D represent 0, and o, respectively.

o, =-270.55+503.32 = 233 psi
o, = -270.55-503.32 = =774 psi

Ans
Ans

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

=R =503 psi Ans

T max
in-plaae
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9-102. The internal loadings at a cross section through the
6-in.-diameter drive shaft of a turbine consist of an axial
force of 2500 Ib, a bending moment of 800 Ib-ft, and a
torsional moment of 1500 1b-ft. Determine the principal
stresses at point B. Also compute the maximum in-plane
shear stress at this point.

Section Properties:

A=n(3%) =9.0r in® 1= 2(3%) = 20257 in*

=2(3") =057 in'

Normal Stress:

N My

=—
AT
~2500 800(12)(0) _

Oy = ——+————— =-88.42 psi
’ 9.0 20.25x
Shear Stress: Applying the torsion formula,
Tc  1500(12)(3
T, = ._C = ___.(___)_(__). =424.4 psi

Construction of the Circle: In accordance with the sign
convention, o, =-88.42psi, 0, =0, and 7., = 424.4 psi. Hence,

The coordinates for reference points A and C are A (—88.42, 424.4)
and C(~44.21, O).
The radius of the circle is

R=+(88.42-44.21)% +424.4 = 426.71 psi

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

o, =-44.21+426.71 = 382 psi Ans
o, =-44.21-426.71 = -471 psi Ans

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

=R =427 psi Ans

T max
in-plane

3in.
w_25001b
&

1500 Ib-ft

800 1b-ft

—> 1244 PS¢

repsi)

k— 8842
Tipse)

—Ln:% £=~4267/ |
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9-103. Determine the equivalent state of stress on an 300 psi
element if it is oriented 30° clockwise from the element
shown. Use the stress-transformation equations.

R

¥ 950 psi
0.=0 0,=-300psi T, =950psi 6=-30°
- A
o= E20 4 2 0 260+ 7, 5in 20 D
= 0—‘—230—0 L2230 (~60°) +950sin (~60) = —898 psi  Ans
Ty = —( %~ % ysin 26+ 7,,c0s 26 5% psi
=—( w)sin (—60°)+950 cos (—-60°) =605 psi  Anms yn
= 9:—‘5—“1—"—‘2-"—%“ 261, 5in 20 898 psi.
0-300 O0-(-
= -—23— - (—(ziol)cos (—60°)~ 950 sin (—60°) = 598 psi Ans
*9-104. 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 inclined plane AB.
28 MPa
307
100 MPa
Construction of the Circle: In accordance with the sign
convention, o, =50 MPa, ¢, = ~100 MPa, and 7., =-28 MPa. B

Hence,

o, +o, =50+(-100)
Opg = > Y = 3 =-75.0 MPa

The coordinates for reference points A and C are A (-50, —28) and
C{=75.0. 0.

The radius of the curcle is R = v/ (75.0= 50)° + 282 = 37.54 MPa.

Stress on the Rotated Element: The normal and shear
suess componcms( o, and T ,,) are represented by the coordinates

of point P on the circle.

g, ==75.0+37.54 cos 71.76° = -63.3 MPa Ans

T (MPe)
Ty = 37.545in 71.76° = 35.7 MPa Ans
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