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PROBLEM 7.1

7.1 threugh 7.4 For the given state of stress, determine the normal and shear
m?uwdogﬂnoumﬂ‘?mofl?nemdeduimaﬂtdmgm U:enf
o is on ilibri f that el
dmmﬂ_ind_ omdwaw7W1 equilibrium o clement, as was done in the
SOLUTION
\ \l
. TA oA
3 ka! & BA cos20’ ‘
d L] A ’oa
}3’ N
»| 1
Bys: < BAces20T| \ ¥
- d kor Asin20® “T2Asin20°
[
Stresses ¢ Areas Forces v 4A sin 20°

t» TF =0
S A - 3Acosl0cos 20° - 3Acos 20°5in 20" BAsin 20%08 20° = YA sin 20°sin20° = O
6= 8 cos? 20"+ 3¢os20%5im 20° +3 5in20%cos 2%+ § 5in*20° = 4G Ksi

ASF=o0
TA 4 8Aco520°5n320° - BAcos 20 cos 0%+ 3As; n205m,20° YA sin 20%cos 7' = o
T = =8c0s206n 20"+ 3(cos220°- 3in220°) + 4 5in 2005 20° = |.013 ks; |k

7.1 through 7.4 For the given state of stress, determine the normal and shearing

PROBLEM 7.2 stresses exerted on the oblique face of the shaded triangular element shown. Use a
method of analysis based on the equilibrium of that element, as was done in the
derivations of Sec. 7.2.
10 ksi
SOLUTION
10 ks: 10Acosis®
Y ksi YA costt
T GkSI AC° ,’5° T CAsin \g‘
7 . A 7A
. M ‘ L ]
G 4 ks; \ AsiniS & 4 AsinlS®
. reas
Stregses Lyreas Forces
Y zF=o0
BA + BAcosiSinlS + 10AcosICcos IS = CA8in/S 5in IS + § AsinIS%s 1S° = ©
O =~ H coglSsinlS? =10 cos™IS™ + 6 Sin"I5%— I 8inlScosiS® = 10.93 ks <
+-2ZF =0

PA + YAcosIS%os1S° - 10Acos 1S°5i4 15° = CAsinlScosiS® — 4A sinlssiniIs™ = ©
¥ = =4 (cos™§%-5n 5" ) + (10+6 YcesiS®Sinl§° =  0.8536 ksi ~~ o
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7.1 through 7.4 For the given state of stress, determine the nosmal and shearing

PROBLEM 7.3 Stresses exerted on the oblique face of the shaded triangular element shown. U
mmﬁ;ﬂmmﬂwmﬁlibnm of that elemmt,aswassdme msteh:
SOLUTION
30 MPa ‘ 30 Acas S5°
S5
HO MFP4 Ho A sin 55"
& GA
Stresses Forces
v+ 2F=0O
TA — BOAcesS55%cor 55° + HOA 8inwS55°s5in 55° =0
& = 80 cos”85° ~ 40 8in?88° = - 0.52! MPa ~—
+\2ZF =~ o
TA - so Acos 55 8in 55" — 4o A 5imS5%cos S5 °
T = J20 cas85° 8in35° = LB6.4 MPa N —
7.1 through 7.4 For the given state of stress, determine the normel snd sheari
PROBLEM 7.4 mmexemdmth:r obliqﬁmﬁmeof the shadedtrimgmul:rdmﬂglm: Useng
method of analysis based on the equilibrium of that element, a3 was done in the
derivations of Sec. 7.2,
G0 MPa ‘
SOLUTION . A
s}
6 § /5/‘
l < TA L
d T, « . .
A , Acos 35 3" | %o Asiase
Qo MPa ~ 90 Acos3o"
0 MPg G0 Acos 3o®
Stresses Ave _Forces
NIF=0 |
6A ~ 90 A 5in 30°cos 30° - T0A cos 30°sim 30° + GOA cas 30%cs 2° = ©
6 = 180 8in30°cos 80° - 60 cas®80° = 32.9 MPa - .
+ZF = O

TA + 90A &inB30"sin 30° - 0 A cos 30°cus 30" ~ €0 Acos 20" 30° = D
T = 90 (cos*30° -8in"80°) + GO co330°sin 30° = 7.0 MPa ff —




PROBLEM 7.5

7.5 throngh 7.8 For the given state of stress, determine (a) the principal planes, (b)

the principal stresses.
SOLUTION
Gy = I8 ksi 6% ~12 kei Ty = & ksi
@ Jan 26p = Gf-%; - \(:)E?; = 0.543%
28 = 28.07° Gp 7 14.04°,  104.04" -t
(&) Gnemin = g‘;'—@d: .J(QL%-@)‘ * By
i ui(C ey
= B3 7 lesy
Coese = 20 ks -
Sonin = =14 sy s

PROBLEM 7.6

7.5 throngh 7.8 For the given state of stress, determine (a) the principal plancs, (5)
the principal stresses,

SOLUTION
6y = R ksi Gy r 10 ks Byr -3k

= 2Ty - 2Y-3) |
(a‘) +al"l 29‘) 6}—‘5:! kS 2-— o = 0-750
26, = 36.87° Op = 18.43% 108.93° =

(b) S‘M\l‘,h-‘u = —6‘:&%-% t‘\[—(g'x';‘g)a + ’ru;'

e a2 Y

T 6 x5 kas

6..,,,.,‘, = [, k-'N'
Bwin = ) ksi
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FROBLEM 7.7

7.5 through 7.8 For the given state of stress, determine (a) the principal planes, {5)
the principal stresses.

SOLUTION
Sy * 60 Mfa 6}:—‘{0 MPa %=35‘MP¢.

- 2T (s
Y tan 28, = g.:%.; rrowrralih ~ 8.50

28, = ~-7408° Gpr -37.038"%, 52977 =

. _ 6,46, 8, - G, \? 3
O Grmin = 2T 2 (S Gy g

= ~~~Go'£‘-m i\/(*éO;—ﬂb )24(35);

= ~50 £ 36,4 MPo
Crexw & = 12.60 MPa

A

Goiw = = B6.H MPo

A

—

—

PROBLEM 7.8

7.5 through 7.8 Far the given state of stress, determine (a) the principal planes, (5)
the principal stresses.

SOLUTION
By = (6 MPa O‘J,“-‘ -48 MPa, 1‘3:‘—6’0 MPa.
N = 25y (2Y-€0) _
(@) tan ZQP "5y 67 ° IG.IET{! = - 1.878
20pc - 6198 G- -30.9¢°, 5%.04° —m

(b\ G;-w)wr‘n = §"_zi§-l. i_/(%ﬁ)l + or'ya.

= 1628 +f(E288 ) Coop

= «1¢ + o8
de;m.u- " \52 MP‘L ol
Cwin = =84 MPa -
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PROBLEM 7.9 7.9 through 7.12 For the given state of stress, determine (4) the orientation of the
planes of maximum in-plane shearing stress, (5) the maximum in-plane shearing stress,
(c) the corresponding normal stress.
12 Lsi SOLUTION
8 ksi 6, = 18 Usi G"),:'-—IQL:B.-' Ty = 8 bsi
18 ksi |
a - - .g_'_q!_ - - 18 %12 =

28, = -GLI3®

©) Zom = (S5 + 2

O = ~30.7€°, 59.04° —-

=-)/(\_§.%'_2)'-+(g)‘ = 17 ks —~r
€Y 6'= Gou = 6};6; 8 l's;m = 3 ks -

7.9 through 7.12 For the given state of stress, determine (a) the orientation of the
planes of maximum in-plane sheacing stress, () the maximum in-plane shearing stress,
(¢) the corresponding normal stress.

SOLUTION

6} = 2 Ues:

PROBLEM 7.10

63: {o ke Ty.:"-?l(sf.

() -S89 _2-1o a8
tan 208, 7% s 3

O, 7~26.57°, 6£32.43° =

26, =-§3,13°

-Gy .
(b)) Tomax '-7.\/(@2 ,)l + Tﬁ
fw/(‘*;“’)ﬂ(-sr = 5 ks —

€ §' = 61,.-.-5'—';-5!= —2-;—'9-: Ghksi -

AV




PROBLEM 7.11

7.9 through 7.12 For the given state of stress, determine (a) the orientation of the
planes of maximum in-plane shearing stress, (5) the maximum in-plane shearing stress,
(¢) the corresponding normal stress.

SOLUTION
G(:‘-GOMPA. %:—L‘OMPQ. 2::’:35”?4.

(&) tan 16, = - 6; ;:.f" T ‘(G:;&:? +  0O.2881

26, 15.98° O = 7-97°, A1.97° --

B T = \/ (ﬁi'_g.r o

= \/(' DZ“"’Y +(38) - 36.4 MPa =

> G'=6m=%i§l . :_Eg.'_‘fE = -50 MPa -

PROBLEM 7.12

7.9 through 7.12 For the given state of siress, determine (g} the orientation of the
planes of maximum in-planc shearing stress, (b) the maximum in-plane shearing stress,
(c) the corresponding normal stress. ’
SOLUTION

6}: 16 Mpq_ 6};——48 HPQ. 'Z;J:'-éoMPd.
S - 6, |6 +438
Oz -~ = - 2% - .0.5333
CQJ +ah 2 £ 21{" (QK"‘Q) LY
26,= 28.07° G = 14.04°, 104,08

) Toax 1\/(@.2_%)1 + 2,‘;_
- \/(—'é—z“-"—‘%)‘ 4 (-60) = C8 MPa =

(€) G = Q. 7 - =3




PROBLEM 7.13 7.13 through 7.16 For the given state of stress, determine the normal and shearing

|
!
stresses after the element shown has been rotated through (@) 25° clockwise, (8) 16° \l—— !
counterclockwise. i J
G0 MPa Q
SOLUTION [
Ox = - YO MPa 6:7-‘ 60 MPa ’Z'U-'-'ZO MPa,

i
_6:%_% = 10 MPa %—-@’—:-SOMPQ. ﬂ
Y

& = 6o x Gy + Sx-6y cos 20 + ’l’.., Sin26

2 2 J E?
=
- i
f.y B - _Q;,?_G'i Sin 26 4 T,:, cos 26 F‘J
e
%’*jsi%iy*—@;—sgcu29 —- Ty 5in 26 —!
L. i}
|
0w © = -25° 20 = - Sso° -/
§r
G = 10 = 80 cos(~-50°) + 20 5in(~§0°) = ~37.5 MPa — J\
~
Ty = + 50 sin(-80°) + 20 cos (-§50°) = -25.4 MPa et f__,’
€ = 10 +50 cos (-50°) - 20 sin(-50°) = 57.5 MPa st o \
P\
|
,,,, |
B 8= 10° 26 = 20° ‘
Gu = lo -850 cos (20°) + 20 5in(20°) = =« 30.1 MPaq -t IJ
\
Toys = +50 8in{10°) + 20 cos0™ = 25.9 MPa - ‘L—‘
o
Gp = 10 +50 cos(R0°) ~ 20 siu(209 = S50.1 MPa -t |
L.
\
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PROBLEM 7.14

@ 8

[xd
"

7.13 through 7.16 For the given state of stress, determine the normal and shearing
stresses after the element shown has been rotated through (@) 25° clockwise, (5) 10°
counterclockwise.

SOLUTION

&, = 0O 6\}=—80 MPo. ’Z:J=-—50Mpa

G+, _ _ Gu-6y _ '
50 MPa —!—2—4 - q'o MPQ —-—2—'—-—-— = “O MPQ-

6, = Gy + 6y N 6, - 6,

cos 2O + 2‘,:, sin 16

2 2

Yoy = - §"_i.§2 sin 20 + Ty cos O
&y = 6"; & _ 6"2'6-’ Cos 26 = Ty sin 26

26 = -50°
+ 40 cas (-50°) - S0 sin (-§0°) = 24.0 MPa i
- 40 sin (-§° ) #50 cos (-§0°) = - 1.5 MPa e
- 40 cos (-50°) + 50 sin (-50°) = - o4, 0 MP s

26 = 20°
+ Ho cosf20') - S0 sm{(20°) = —19.5 MPa 5
~ 40 sin(20°) -850 c0s(20°) = - 0.7 MPa o
- 4o cos(20° ) 150 sin(20°) = - 605 MPa -l




PROBLEM 7.15 7.13 through 7.16 For the given state of stress, determine the normal and shearing
stresses after the element shown has been rotated through (a) 25° clockwise, (b) 10°
counterclockwise.

SOLUTION
6, = 8 ksl Gy = =12 ks Uy = =6 ks
Cex 6y 36" = =2 ksi _—LG*Z‘G = 10 ks¢
6’*, = G+ 6y 4 G- Gy cos 20 + Ty Sn 20
2 2 4
Ty = - 9-:-2"—-@1 Sin 20 4 Ty <05 20
6}- = 6*2*6; - G;‘ée; Cud 26 - Tn, Sin 26
(@) O = - 35" 26 = -50°
6o = -2 + 10 cos(-50°) - G $in(-50°) = Q.02 ks' ™
Ty = - 10 5in (-50°) = G cos (-507) =  3.30 ks
6 * -2 ~locos (-50°) + G sia (-80") = -13,02 ks -
(v} & = 10° 26 = 20°
6,7 =4 + |0 co_s(QO') - 6 sin(QO") = 5.34 ks sl
Ty = ~ 10 5 (20°) ~ G cos{20°) = - 906 ks —t
6y = =2 = 10 cos (20°) + G sin (20°) = -9.34 ksi —-

o




PROBLEM 7.16

counterclockwise.

16 ksi

SOLUTION

6;( =0 6:7

Cur8y _
2

8 ks

Tey =
Sy = 52*'53 -

16 ks

@y © = -25° 26 = - 50°
S = 8 = Bees(-50°) + 10 sin (-50%)
Tey = 8 sin (-50°) 4 10 cos (-50°)
G * 8 4 Beal-s0° Y} - 10 sia (~50%)
(b)) & = |o° 26 = 20°
Gy = 8 = Bews(2”) 1+ 10sin(20) =
Ty = 8 sin (20°) % 10 cos (20%) =
6y = 2 4 Bees (20 — 10 cos (20°) T

-

Ge- Gy _
b1 .

- 4. go ksl'

G.2%c ksi

A0, %0 ks.'

2.90 Ksi
12.t3 ksi

12.10 ksy

Ty

7.13 through 7.16 For the given state of stress, determine the normal and shearing
stresses after the element shown has been rotated through (@) 25° clockwise, (&) 10°

-
-

- 8 lkesi
i—;ﬁi cos 280 + Ty s5in 20
- g%sl 5in 20 + Ty cos 2O

6}56; Cos 29 - T'IJ sin 26

A

A

A

A

)

)




PROBLEM 7.17

1.8 MPa

717 and 7. 18 The grain of 2 wooden member forms an angle of 15° with the vertical.
For_the state of stress shown, determine () the in-plane shearing stress paraliel to the
grain, (b) the normal stress perpendicular to the grain.

SOLUTION
6, = -~ 3MPa 6y =~ 1.8 MPa 1;.3; o
3 MPa -
B = -15° 26 = - 30°

@ Ty = - 2N 5iw26 4 Ty sin 26

- __3'."02
2

T - 0.300 MPa ~—

) & = 6',21-6'i + 6"2—6" cos 480 + Ty 5in 16

sm(-30°) + O

= -3-‘.2 "'3'§L8 ' o) +
> + = cos (-30 o

- 2.92 MPa -

3

o

PROBLEM 7.18

.17 and 7,18 The grain of a wooden member forms an angle of 15° with the vertical.
For the state of stress shown, determine {a) the in-plane shearing stress paralicl to the
grain, (b) the normal stress perpendicular to the grain.

SOLUTION
& = O 5)' =0 T'i‘f: 4oo P
e = ~15° 26 = - 30°

@) Tep = -S220 50,20 + Ty cor 20

= -0 + 400 cos(-307)

= 346 psi =t
. Gyt S Gy - 6, .
(k) o S ; A I "Z Y cos 26 + Ty 5in 20

H

O + O + 400 s5im (-30“)

~ 200 pai —

)

I

——
l

S L




PROBLEM 7.19 719 The centric force P is applied to a short post as shown, Knowing that the stresses
’ on plane a-¢ are o= -15 ksi and = 5 ksi, determine (a) the angle Sthat plane a-a forms
with the horizontal, () the maximum compressive stress in the post.

SOLUTION

Ge= O
ij = O
6:1 = Sma,;.c;mr. = = ’E
T Asecp
B L
P e\ = a2
- ls
sl =3
Force @) B = arclan ¥
Triang le = Is-qa -
For\ces 3

-5 . s

= 67 kei
cos* B  test iB.Yy® 16.67

() Pz («6A secp)secp) £=

PROB 720 Two members of uniform cross section 50 x 80 mm are glued together along
LEM 7.20 plane g-a, which forms an angle of 25° with the horizontal. Knowing that the allowable
stresses for the glued joint are o= B00 kPa and r= 600 kPa, determine the largest axial

load P that can be applied.
SOLUTION
o )
o4 1P/A / For pﬂane 6-a O=68°
—_— 5
\I'P/A w
60 Tyro Gy
G = 6; 605t6 + G:j S"'\ie +Z’Z:j srn 8 cos & = O 4 -‘E s-‘n"CSO-l- o
- -3 1
P - 5A16;50 _ (soxo 33(2?:;3 N goowio!r) - 2.90.10° N

T - -{&, -—Gj\ s5nB@cos©® + 'Z',y (cos’®-sin*@) = —E 5inG8 esdST O

P -_AT _ ($or107)(80k10™* Y600 x1S* ) _ £ 274 0P N
ih 68 cos 65 5in 657 cos (5°

Alowahle vadve oF P is the smaller, P- 390%)0°N = 3,90 kN ==




PROBLEM 7.21

7.21 Two steel piates of uniform cross section 10 x 80 mm are welded together as
shown. Knowing that centric 100-kN forces are applied to the welded piates and that
B = 25°, determine (a) the in-plane shearing stress paraliel to the weld, () the normal
stress perpendicular to the weld.

SOLUTION
5
/ Avea of weld
00 kN s A = (loxio")(go#o'g}
B Fly w - Cos 25°
E
"~n = 882:7 10°¢ mt
Fovces
@y ZF, =0 ke - 100 s5in28° =0 Fs = 42.2¢ kv
3
To = :; ,;23;?:,’3‘ 47.9 %0 Pa = 429 MPa ~
by 2Z2F, = 0O by =~ 100 cos 285°= © Fn = 90.63 kN
- Fﬂ - ‘?0.é3 L3 Ios 6 - O il
S B - 8827 % lo°C 102.7%10° Fa 102.T MPe
PROBLEM 7,22 7.22 Two steel plates of uniform cross section 10 x 80 mm are welded together as

(b)

shown. Knowing that centric 100-kN forces are applied to the welded plates and that
the in-plane shearing stress paraliel to the weld is 30 MPa, determine (a) the angle £,
(b) the corresponding normal stress perpendicutar to the weld.

SOLUTION
Area of weld N
xjo *)(gox10™®
100 kY £ A, = (lox (o™ * (80>
s } Crssﬁ
A = 00 =IO~ m?
Fa cos £
Forces )
ZF =0 Fo ~ 100 sin = © Fe = 100 sinf KN = [0O%{0" sinfB N
Fe ¢ . oo x 10* sinf3 - ¢ .
’LJw ——.: 30"'!0 800)![0" /Cosﬁ 125)'10 S V\ﬂ) Cbsﬁ
. - -L . 2 — 50)‘.’0& O 2"’0 - I4 340 -
slhﬁ Cosﬂ - 2 o ﬁ - ‘2‘5_1! lob . ﬁ -
2k, =0 Fo =100 cosfp = O Fn= 100 cos 14.38° = 9688 kN
_ goowgt TSRS
Av = e B25_ 74510 m

& =

En . 96.88x10°

-l
Ao B25. ¥ ko™ H7.8 MPQ.

= 17.3%10° Pa =

B
i




7.23 The steel pipe AB has a 102-mm outer diameter and a 6-mm wall thickness.
Knowingthat arm CD is rigidly attached to the pipe, determine the principal stresses and
the maximum shearing stress at point H.

PROBLEM 7.23

SOLUTION
51 mm r, = _%:3_____'2‘_2.= 51 v V‘;=r9‘t= 45 mm

J= I-vn")= 41855 x10% mm”
= 4.18S55x (07" wm’
T = 3T = 2.0827 m*
_Force-.caupje &js‘}elﬂn ot center of tobe in

the PPqne con‘l‘m‘nfws Poin‘fs H amd K.

e o xjo®* N
x M, = (Jox10% )Y 200x10"%) = 20060 N-m
M{, = —(loxlo*Yisoxto™* )= - 1500 N+m

y Torsion J N
T = M, = 2000 N-m .
c = v_\f = SIx{c™® m ]PL X
A T (2000)(S 110"
_ [~ 20 LY [#] - <
Ty T ° aigsswlo® 24.37%10° Pa

Transvevrse Shear
For sewmicirele

Q= Q-Q = 203-2n% = 27.689%10° mw’
= 22.684%I0 ¢ m®

V= F,= 10xj0' N £ 2 @emm) = 12mm= 1241573 m M
L VQ _ (joxjo®)(z2.689x107) ¢ " h
Ty* It T (zoaiMoCNidwod) .02 % 10° Fa. le___m-x

Bevm‘r‘na * Point H bies oa nevbrwd axis.
Total stresses ot Poivd' M

=0

6;‘:0)6;:0

%y = 24.37%10° + 102 xIF

G = %(6,+6,) = ©

R= /G551 %

= 35.39x10° T

3S. 35 »)0* Pa

Goar = Gon+ R = 35 39x10° Pa = 35.4 MPa il
Guin = Gue -R = -35.39%/0¢ Pa = -35.4 MPa et
Tow = B = 354 MPa —




7.24 The steel pipe 4B has a 102-mm outer diameter and a 6-mm wall thickness.

PROBLEM 7.24 Knowing that arm CD is rigidly attached to the pipe, determine the principal stresses and
the maximum shearing stress at point X. '
SOLUTION
51 mm
o= %= 122 51 pmm, fr et 4 am

2
Tz TR P*)5 41888 ~ 10 mm® = 41955 %/G™°
Iz 40 = 2.0927v/0°° m*

Fovce - c;wp,?e sjs+em at center of dube in the
P!ane Con"l‘q:‘n;nﬁ Po{n"‘& H and K

Fe= 10kN = Joxio* N
Mj‘_ (1ox1o* Y 200x103 ) = 2000 N.m
M, = = (oxi*)(ISox ko }~-1500 Nem

At peiat K, place Bocad x-amis in
v ncju"iuc jﬂghql’ 2~ oireetion

K
lI X T = My = 2000 N.m Cc=r, < Eic? m

- Te _ (Rooo)smio2) _ in -
’L‘ﬁ il T = 24.37%10° Pa = 24.37 MPa

Transverse Sheaw: Stress dve to transverse shean V= F (s zewro :pr K.

Bending: 16,12 ’M;‘c = (’nglgi’:fg:) = 36.56 2I0° Pa = 3¢.56 Mba

Point K Lfies on CoM'ONSSI'OVa side of neuwa axrs - 63‘-' -2¢.56 MPa

Totad stresses at point K 6= 6§ 7-36.56MP Ty 2437 MPa

Guve = %(6,46;) = ~18.28 MPa
R- {(-5&%5)‘+ Ty = 30.46 MPa

Bep = Gae +R = -18.28+ 30.4¢ = +12.18 MPa —t
Cuin = G ~R = -18.28 - 20,44 = -H4B_.74 MPa —
Toww = R = 30,44 MPa -
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PROBLEM 7.25

Shaft cress seo)f'.'on.

725 A 400-1b vertical force is applied at D to a gear attached to the solid one-inch
* diameter shaft 4B. Determine the principal stresses and the maximum shearing stress
at point H located as shown on top of the shaft.

SOLUTION

Equivadent force-couvple sys‘}em ol center oF shaFt
in ’.S.Ca‘!‘.'mn aj' Pof-d H. '

V = 400 Jb.
T = (4o0)(3) =

d = in C=‘£"J'—'O.5|‘M
J=Tet = 0.098175 in'

Mz {400)e) = 2460 Lbiu
200 fb-in.

I=4J = 0.049087 in?

_E:r‘.‘:’fan-’ = -G..c = (gt::rlc;g?) = 4-074![03 »Ps,‘ = 4. OM ks
.~ . Me . (4oolo.s) . wlo pm: = L La:
Bending 6= DS v ey Rd-Hexlonpsi T 24 ksi
Tvansverse Sheart  Stress at Fo.‘u'} H is zevo.
Y
|——¥ .o ks 6y = 24.44¢ ks: G}= O ’Z;J = 4,074 ks,

eJ{ {—:f‘w% ksi

Cue® 5(6:+6y) = 12,223 ksi
R- {(5*7’-—64—)’4 ’t’._,;‘ = -/(12.223)'4(‘{0‘)'-”“

= 12.884 kst
Go= G + R = 25107 Us/ -y
6, = Guse—~ R = = 0.,66] Ksi —
Toae = R = 12,889 ks! —




PROBLEM 7.26 7.26 A mechanic uses a crowfoot wrench to loosen at bolt at E. Knowing that the
mechanic applies a vertical 24-Ib force at 4, determine the principal stresses and the

maximum shearing stress at point H located as shown on top of the %‘-in.diametcr
shaft.

SOLUTION
Equiv«)u“ Force -coopje sy stew ad certer of shaft
in sechion atf Foin“l H.

24 fb. M= (29Ye) = 149 Sbin
(R4Y(10Y = 240 Ab.in

[T

-
Shaft crvoss section: d= 0.5in, c=3d> 0.375 i
J=Zc' = 0.081063 ' I=4J= 0.01§532 in"

Torsion: 7= %= ‘gf*g;fgfg“ = 2.897%10% pei = 2.897 ki

.. . Me _ (44)(0.875) _ s .. :
B&hAmJ' €= I " 0.015532 = 2.417x|l0 P> 3.477 ks

Transverse Shear® At f’o?n‘} H stress doe fo trunmsverse shean s zero.
ResoMant shvesses: Gy 3.477 ks, &= O, Ty = 2897 ksi

G ™ %(6,’,::63) = 1,738

R = K‘g‘i—‘g’)t+ Ty = 17387+ 28977 = 3,378 ksi

Ga= Cue+ R = Slile Usi -

6. G ~R= -lLeto ki ~
—a

T = R = 3,278 ke
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7.27 For the state of plane stress shown, determine the largest value of g, for which
PROBLEM 7.27 the maximum in-plane shearing stress is equal to or less than 15 ksi.

&, SOLUTION

T b ks

6',‘ =FQ k'(ﬂ) %""‘_?; T-u:)': '-}ks.'
Let = & 6y Ox-2w

R=uJ U022 ﬁ:"‘ = 1§ k=i

U = i_/R“-- Ty*- ~ iJIS‘—- Y =3 14 457 ksy

Gy = 6x-2v - 12 F(2YI4Y57) = 40.9 ksi | -16.9] ks.

La,mjes‘l‘ Va.ﬂue. for 6:3 is V‘e.‘,ul'f‘e&' . 6} = H0.9 ks e
7.28 For the state of plane stress shown, determine (a) the largest value of t,, for
PROBLEM 7.28 which the maximum in-plane shearing stress is equal to or less than 12 ksi, (b;y the
corresponding principal stresses.
8 ksi
SOLUTION

{b)

Ge=10ksi , §=-8 kai , Ty=7
’l)m: R = J(s“:.:ig’)"*'tf}‘- =/(&.%§:&))t+%t
= -Jﬁ"-b -JL = 12 k&a
(ay Zy=yi2°-9° = Ta4 ksi -

Gm:' %(611'63) = I ks

10 ksi

)

13 ksy

]

6, = Ban+R = | +12
65.'- 6;&"9 = ,"'|2 z—lfksf

)




PROBLEM 7.29
stress is equal to or less than 50 MPa.

5 MPu

SOLUTION

=40 MPa

6, =€ , G =7 MPa , Ty< 4O WPa
Let u=.§:&.‘.§:¥_ Gx= & +2u

2
R = ‘VU\IL-I-'I;J"' =

T = 50 MPa

7.29 Determine the range of values of g, for which the maximum in-planc shearing

u=.+_.J‘R‘--'L‘,y'“ =-.+J50"—40‘ = 4 30 MPa
Bx= €y +2u = 75 % (2X2Q) = 135 MPa , IS MPa
Abbowable raiqe 1S MPa £ G, < 135 MPa w—

PROBLEM 7.30 7.30 For the state of plane stress shown, determine () the value of 7, for which the
in-plane shearing stress parallel to the weld is zero, (b) the corresponding principal
Stresses.
2 MPa
B SOLUTION

5* = ‘2 Mpa 3 GJ -2 MPQ N ’Z":’ = ?
5° | | 12 Ml yo .y .

S.l'v.ce Twyl = OJ x,-d‘t.f‘€c.+l'ou\
is a Pnhc-'pal direction,

% Op = -15°
C _ AZ
+a.h.29r:- G—,;—_-"Gf,j
@) Ty =%(6x-G ) tan 26, = L(n-2)tan(-20°) = - 2. 89. MPa,

R_;j[(@%‘&)% Ty = {5%+2.84% = £.7735 MPa

Bl = 564 6) = T MPa
M) 6= Guer R = 7 +857735 = 1277 MPa
G Bew-R = 7-87735 = 1.22¢ MPa

)

A

"""
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PROBLEM 7.31 ~ 7.31 Solve Probs. 7.7 and 7.11, using Mohr’s circle,

7.5 through 7.8 For the given state of stress, determine (a) the principai planes, ()
the principal stresses.

7.9 through 7.12 For the given state of stress, determine (@) the orientation of the
planes of maximum in-plane shearing siress, (4) the maximum in-plane shearing stress,
(¢) the corresponding normal stress. .

SOLUTION

6, = -~ 60 MPa Sy = - 4o MPa Ty =385 MPa
6::.«.: ‘g;‘—-*.re‘d s ~-450 MPQ

Pointe

X 3 (8x,~Ty) = (- 60MPa, -3€ MPa) )
E

Y6y, Ty )= (-40 MPa , 25 MPa) Y (11Pe)

C: (Ge, 0) = (-50HPa, O)

= GX _ 35 . & A
o Py ol (1P
B = 74,08
Bg = - zB = —-37.03° — D

L= I80°- B = 105.95°

Op = ko = s2.97° -

R :.J(TE;‘+ Gx* = ‘J 0 + 38* = 23¢.4 MPa

Cuin = Gue-R = -50-36.4 = -8.4 MPa -
Criw = Cua+ R = =50 13264 = —13.6 MPa —
O, = Og+ 45° = 7.97° -
Oz= 6, +45° = 9.97° —
Toex = R = 3¢.4 MPa -

-l

6' = GM = "5-0 MP&

1]




PROBLEM 7.32

7.32 Solve Probs. 7.8 and 7.12, using Mohr’s circle.

7.5 through 7.8 For the given state of stress, determine (4) the principal planes, (b)

(<) the corresponding normal stress.
SOLUTION
6x = 16 MPa Gy = - 48 MPa

Bue = 2¥02 o _1c MPa

Points :
X2 (6yy- Ty ) = (16MPa,GOMPL)
Y: (S, %y )= (—48 MPa - 60MPa)
€ (Gw,0) < (- 16V, O)

7.9 through 7.12 For the given state of stress, determine (4) the orientation of the
planes of maximum in-plane shearing stress, (4) the maximum in-planc shearing stress,

Ty =-60 MPa,

) (MP&\
X

F (MPA
tan oL~ Ci-:_:%-:—g% = {.878
o= ¢l.93°
Oy = ~3d = -30.9° - Y =
B = 180°-0l = 112.07°
Oe = TR < 59.04° -t
R=[CF + Fx" = [ 32° 4 60* = 68 MPa
Gp:t Gy = Gue+R = - 16 +68 = 52 MPa -t
g~ Owin = Gaxe-R = -16-68 = -84 MPa —
Bp = O, + 4§° = do4° —t
B = Bg + 45° = lod.o%* sty
Tows = R = €8 MPa ~
6§': Gue = -16 MPa —-

1

[
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PROBLEM 7.33

7.33 Solve Prob. 7.9, using Mohs’s mle

7.9 throngh 7.12 For the given state of stress, determine (a) the orientation of the
pianes of maximum in-plane shearing stress, (5) the maximum in-pianc shearing stress,

12 ksi {c) the corresponding normal stress.

SOLUTION
&y = \8 ks

G.vt <

-SC—.-"-—%-—-S-:* - 3‘(3!

Points
X2 (6,,-%) =(18ksi, - 8 ksr) Y
Y (6y, %y ) =(12ksi, 8 ksi)

6&:-12‘!5;

z};g: 8 kSi

(D (less
D

C: (6ue,0) = (3ksi, O)

cF e 0.5333
A= 28.07°

B, = zd4 - |4.09°

Oy = B +U5° = 57.04° -
Og ° Op~ 457 = -30,94° s

CEAN T it
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PROBLEM 7.34 7.34 Solve Prob. 7.10, using Mohr's circle.

7.9 through 7.12 For the given statc of stress, determine (a) the orientation of the
planes of maximum in-planc shearing stress, (5) the maximum in-planc shearing stress,

{c) the corresponding normal stress.
SOLUTION
6, = 2 Usi 5:, = 10 ksi Ty 2 -3 ksi

Gy "
6au¢ = ;6 =
(%

Poin‘\‘s
X (6, - By )= (Qkisi, Bkesi )
Y: (Sy, Ty) = (lokai,-3ksi )
C: (6an, 0) 7 (6ksi,0)

- Fx _ 3 .
fand-"—:“c"- y T 0.75

o = 36.87°

6a T 7ol v 18.43°

Bo T Bg - 4S® < - 26.57° i
B = Op + 45" = G3.43° -
R= CFs Fx* = 4%+ 3% = S
Toax = R = & ks -
G' * 6, = G ke -~
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PROBLEM 7.35

7.35 Solve Prob. 7.13, using Mohr’s circle,

7.13 through 7.16 For the given state of stress, determine the normal and shearing
stresses after the element shown has been rotated through (a) 25° clockwise, (6) 10°

counterclockwise.

SOLUTION
8, = — 40 MPa

Bare = ""SL""“LES = lo

Po;vd’i ‘K'
X: (=40 MPa - 20 MPa)

v: (60 MPa, 20MPa)

C: (lo MPs, 0) 76

FX _ 20 _ X
’f'a.n ZQF‘—' Tc S-T-O.q‘

26p= 21,807 8, 10.90° )
R=1[FC + Fx* = /50" + 20* = 53.85 MPa

(@) © =252 20: S0°}

P=20-20p = 50°-2).80" = 28.20°)

u

6,( !
Tx‘ 3'
GJ f

Cuave = R cos @ = ~37.5 MPa =

1]

~Rsin@ = -254 MPa,

13

Gue + Reos P = §7.5 MPa =

(b) 6:-10°D 0= 20°)
@ = 26p+20 21.80°+20° = 41.80°)

S, = Cave - Rcosp = ~30.1 MPg -=8

L]

Toy = Rsing = 85.9 MPe —

L]

GJ' = 6_,,_ +f2c_os(P = 50.1 MPa -=a

6;:60 MP&.

M Py
(4 D (MPa)

o

?-)*S = 20 MPa




PROBLEM 7.36

7.36 Solve Prob. 7.14, using Moht’s circle,

7.13 through 7,16 For the given state of stress, determine the normal and shearing
stresses after the element shown has been rotated through (@) 25° clockwise, (4} 10°

80 MPa counterclockwise.
L . SOLUTION
. 1 6, = O 6&:-80!“\?& ’)_”,g:-_s'o MPa
50 MPa Guse = ..§-.x.i“ﬁ!. = - %0 MPa
T} {MPa)
Poim+$
X: (OJ 50 MPa)
Y: (-80MPa, - $O MPa)
C: (-4oMPa, O)
. FXx s

tan 29,;- E:—E,- o ° 1.5

R-JEE PR~ = J#oir sob

o)y 8= 25°) 20:80°)
Q= SL34° -50" = 1.34° )
By = Cave + Reos P~ 24.0 MPa -
Ty =Rsiv@ = ~/.§ MPa =m

&,

Gue = Reos@ = - 104.0 MPa =

& 0 =10 20:20°D

i

7Y, (MP

@ = S1.3%°+20° = 11.8¢°
Gyt = Qavet Reos P = =195 MPa ==
Zey = ¥Rsin® = - 60.7 MPa. -

Gyt = Gpue = Kecos @ = -60.5 MPa, =V
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PROBLEM 7.37 7.37 Solve Prob. 7.15, using Mohr’s circle.

7.13 through 7.16 For the given state of stress, determine the normal and shearing
stresses after the element shown has been rotated through (@) 25° clockwise, (&) 10°

counterclockwise.

SOLUTION

6}- 8 s ():‘J-?—Iizks: ’Z"J:—G ksi

G'Me _g%gi - - 2 kSl

TI, (usi

Points
X: (ksi, 6 ksi) '
Y (-121ksi, - Gksi) Y

C: (-2 ksi, 0)

tan 26 = -té . L 0.6

c
26p= 30.96°

Y
R= -JCF tF w/ 10 + 6% = 1.66 ksi
(@) B= 25°) 26=50")

@ =50°-30.9¢" 7 19.0%7

607 Guwe + Reos@ = .02 ksi ~a ) (esi)

'E:.y = R sin@ = 3.80 ks, -

Sy = G - Rees @ = -3.02ksi =

(v) 6=10"D 20 = 20°D

@ - 20.9%¢" + 20° = 50.96°
Ep* Gun + Reos @ = 5.3% ksl =

T;,'y"" -Rsfnq? : = 9.06 ks/ -

S T Cpe- Reos@P - - 9.34 ks




PROBLEM 7.38 7.38 Solve Prob. 7.16, using Mohr’s circle:

7.13 through 7.16 For the given state of stress, determine the normal and shearing
stresses after the element shown has been rotated through (a) 25° clockwise, (4) 10°

Zey = Rain@ = 0.30ks; =

6}' T Qe ¥ ?oo&¢ * 20.8) ks, =—-

L) 6= 10D 28= 20"

counterclockwise.
SOLUTION
G = 0 SHENTS Toy = 10 ksi
Gmle = E‘%"G—;' = B ks
(4L
k2 Y
:
Points : (_4—"& AP7
X: (0,-loksi) - 0y
Y: (16 Ksi, 10 kai) 2, ¢
: / O|F 6
C: (8isiy0) | G
FX _ 10 ! Ges
tan 29,.' e’ ®" 1.2§
ZGP'-' S1,34°
R=4FE" + Fx" = J3%s 10° *
= 12.8] ksi
@ 6= 253 20:50°)
P 5.34°-50" = L34°
S Oave ~ Reos P = -4.8/ ksi —a 73 (k) .

u

P 50.349°+20° = 71.34"
6"’ 6;,,‘ - Rcos? T 2.90 ks --
Ty = Rsin@ = 2.4 ks, -~

SJ- T e + Qc.osq) = 12.]0 ks; -

(wsi)




. 'q circle.
PROBLEM 7.39 7.39 Solve Prob. 7.17, using Mobr’s circ

7.17 and 7,18 The grain of a wooden member forms an angle of 15° with the vertical.
For the state of stress shown, determine {a) the in-plane shearing stress parallel to the
grain, (b) the normal stress perpendicular to the grain.

1.8 MPa

SOLUTION
G, = ~83MPa q,:—l.s MPe, Ty = O
Guve = -g—“zt—c‘i = =-2.4 MPa
Points 'ZJ) CHP«.\
X: (.6‘3“1’.3) = (—3MP‘J o)
: S = (.
Y: (Sy, By )= 13 MPa, 0) | & (Mo
C: (e, ©) 7 (-24MP,0)
8= -15° 20 = -30°
CX= 0.6 MPa R = 0.6 MPa

(@ Tey = —CX' 5in30 = - R sin 30" 7 -0.6 5in 30" = - 0.3 M Pa. —t

» Gy = Cue ~ Ch'cos30° = 2.4 - 0.6 cos 30° = - 2.92 MPa

A

7.40 Solve Prob. 7.18, using Mohr’s circle,

7.17 and 7.18 The grain of a wooden member forms an angle of 15° with the vertical.
For the state of stress shown, determine (a) the in-plane shearing stress parallel to the

PROBLEM 7.40

400 st grain, (5) the normal stress perpendicular to the grain.
1' I SOLUTION
6, = 6y = 0 Ty = 400 psi
-— 15° - Sx+6y _ ¢ 23 (MP)
Sa.ve 2 v
Points
X: (6e,~ Ty ) = (0, 400 psi)
Y: (G'_.,J Tey ) = (0, H4ov Psi) clo 6 1
C: (Bux, 0) = (0,0) (MPa.
6 = -15° 20 = -30° 3
—— X! X
CY = R = Yoo Psi

@ Ty = R eos 30° = 400 cos 30° = 346 psf, et

(bY Gy = Gae - Rsindo’ = =400 5im30° = =200 pw' i




PROBLEM 7.41 7.41 Solve Prob. 7.19, using Mohr’s circle.

7.19 The centric force P is applied to a short post as shown. Knowing that the stresses
on plane a-a are 0=-15 ksi and 7= 75 ksi, determine (4) the angle Sthat plane a-a forms

‘with the horizontal, (5) th_e maximum compressive stress in the post.

SOLUTION oA A
y s
| /
Gy= O s
'L’,d = O
G:Y = - P/A 1 —_A
+
' PA \ﬁ X
From the Mohvr's cincle
v X
Lo A6 b froams  psmet
ZP\ \8° P P
f&ﬁ -G' = '5: 4 ZA‘C.O‘.’.Zﬁ
S P . _2(% ) (D)
¥ ~ | A [+ 2328 ) 4 cos,23
P/A = ,€.67 kSJ'
bot————— —_—n

Y

|

]
i

[

| ST

.
—
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PROBLEM 7.42 7.42 Solve Prob. 7.20, using Moht’s circle.

7.20 Two members of uniform cross section 50 x 80 mm are glued together along
plane a-a, which forms an angle of 25° with the horizontal. Knowing that the allowable
stresses for the glued joint are o= 800 kPa and 7= 600 kPa, determine the largest axial

load P that can be applied.
SOLUTION ) T?/A g. .26 ara
G, =0
1;3 =0 )
& = P/A

A = (sorlo®)(gox5?)

= Yu g 3wt v v e= %( | + CO§'50°)
¥ A s p = . RAC
1+ cos 5b°
er. '

o« 2 Wiw 1o (800 »10°)

1+ cos So°
| P/A l Ps 3.90x10" N

to Gonss  Pr ZAL < QUMEONd) . o g0

,-7

C‘aoosfn‘s the smeller vadoe P < 3.90x(F M= 3.90kN -




PROBLEM 7.43

7.43 Solve Prob. 7.21, using Mohr’s circle.

7.21 Two steel plates of uniform cross section 10 x 80 mm are welded together as
shown. Knowing that centric 100-kN forces are applied to the welded plates and that
P =25 ¢, determine (@) the in-plane shearing stress parallel to the weld, (5) the normal
stress perpendicular to the weld.

SOLUTION
. B . _looxio* _ (o L e
Gx = A Qoxp ) (80w 125%10 P‘} 128 MPa,
€y = © Tay = ©

From Molw‘s c.iw.z'e

() Tw = 62.5 sin 50° = 47.9 MPa -
O’-”) S'w * 2.5 + 62-5 cos 50°
X e = {02.7 MPa —th
So°
w
— (2.5 ——>
125




N 1 1 O
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PROBLEM 7.44 7.44 Solve Prob. 7.22, using Mohr’s circle.

7.22 Two steel plates of uniform cross section 10 x 30 mm are welded together as
shown. Knowing that ceniric 100-kN forces are appiied to the welded plates and that
the in-plane shearing stress paralle! to the weld is 30 MPa; determine (a) the angle 8,
(b) the corresponding normal stress perpendicular to the weld.

SOLUTION
= - P _ _woxio? - ¢ -
6x = & = {forio?) (gare®) = 1255 10° Pa, = 125 MPa.
Q, = © Ty = O
T3 (M) v J
From Mohr's cincle
(@) sn2B° 2% = oug B= 143° -
(b) 6= 62,5 +62.5 cos 23
Y o = 117.3 MPa -
T 'lﬁ 6(“?&)
)
k N
~ | "
e 2.5 —
e F LR




PROBLEM 7.45

7.45 Saolve Prob. 7.23, using Mohr’s circle.

7.23 The steel pipe 4B has a 102-mm outer diameter and a 6-mm wall thickness.
Knowing that arm CD is rigidly attached to the pipe, determine the principal stresses and
the maximum shearing stress at point H,

SOLUTION

51 mm

Py = %E':‘L%a'-'slmﬂﬂ \(‘,;-‘f:,-ta‘:uSmm

J=F@ - % 186 %108 mm™ = 4.1855%(5 "
T =13 20977%10°m’

Fowce- covple system o} cemter of dube i the
pf-mc con‘i-u'vn'ng Pofn'i'i H amet K

Fe = l0xj0* N
My = (ox1o*Y(200%10"% ) = 2000 N-wm
y M, = ~-(toxlo*Yisoxto™? )= - 15§00 N-m
y
Torsion: 1= m 2000 N-m |
zl“ kIx c='\é=5mo"m L H “‘
_ Te _ (2600}(5:»:.'0") - -— ¥
Ty J | 2.1855 »(o7¢ = 24.37 MPa
Transverse Shear: . o
b % For sewmicincle A=Z%v !] =3V
Q= Ay =3 y?
For pipe QT Qu- @ = 31031 = 22.08400 wd’ = 2068410
V= Fx= 10x00°N = (2)e) = 12man = 122107 m g -
IV ¢ (10xic* W(27.€84x107€)
By~ It {Z2.0927 w0 Y(12x 03} ~ H.02 MPa l T__x
Bena‘hj: Coinl H Fies ow nevirat ouis G = o
Totad stresses o Po’ivt"' H Gc=0, 65,'-'0 Ty 7 24.374 11,02 < 35,39 MPa
Td MPa
GGIIC = o
T Y
353 R = 353% MPa
| o 6 (MPa G * Sam + R = 3839 MPa w—
G‘m{n = B -R = -35.31 MPq ———
Yo = R = 3539 MPa et

b
35,39 —*—3539




PROBLEM 7.46 7.46 Solve Prob. 7.24, using Mohr’s circle.

7.24 The steel pipe 4B has a 102-mm outer diameter and a 6-mm wall thickness.
Knowing thatarm CD is rigidly attached to the pipe, determine the principal stresses and
the maximum shearing stress at point X,

Slmm gOY UTION

\"o:%=—l—i—2-=5!mm Ve = fa-k = 45 mmm
J

TN ") = 80855018 me' = 41955 1167 m*
T=%J = 20927»107° m?
Force- covple s:/sfem at centew of tvbe [n the
plane containing Fofu‘fs H and K

"

]

F. = loxio* N
My = (1ox10*) (200107 = 2000 N-m
y M, * - (loxf/O®)(I1ISO*1O™ ) = - 1500 NMem
Qb Y
Torsion: T= M, = 2000 Nem
3
HOoTKX Cc ¥y = SIx0™ m l K T
. Te - QRoooX5ixis®) - =
ey I\r 4.1855 x 107¢ = 24.37 MPa.

Note that Jfocat x-axvs is Faken ‘J‘-’"j nejoJHvz j?oba.f 2- dinectton.

Travwsverse Sheawr & Stress cloe = V= Fu is zero af Fo:“\l' K.

Benol\'na: I6; 1 = iMle _ (iSoo smio™®)

T " T zewee %56 MPe

Point K Lies on c.ompressr'ov\ sizle o7 nevtvet omrs. 6&'2 -3¢.56 MPq

Total stresses ot point K Gu=0 , Gy -36-5¢MPa , Ty = 24.37 MPa

T3 (MPa)
N Guve = (6,+6;) r - 18.28 MPa
Re{(S58 ) + %y - 30.9¢ MPa
. o) 6 (MPa) Buan = Cue +R = - 12281+ 30.46
\ T 12.18 MPa. -
‘ Ein= Gue -R<c -18.23-30.46
= ~4g. 74 Mpq. il
A .__/
Towg =R = 30.4¢ MPa -




7.47 Solve Prob. 7.25, using Mohr’s circle,

PROBLEM 7.47

725 A 400-Ib vertical force is applied at D 1o a gear attached to the solid one-inch
diameter shaft 4B, Determine the principal stresses and the maximum shearing stress
at point H located as shown on top of the shaft.

SOLUTION

Equivafest Force-covple system at centes of shaPt
in sechon at Poin+ H.

V= doo b, M= (400Y(6) = 2900 fb. i
T = (400)(2) = 800 fb.in,

d= 1 in C’*d‘ 0.5 iwn.
J=%cY =0.098175 in'

Te - (0008 - yomnidps = 4074 ks

Me . (2400)(0-5) - 2qua9gnio’psi = 24.49¢ ks

ShaFt cross section
I=%J=0.049087 in"

N

Torsion : T

Bending® & = 7= = 5549087

T;-a,ns verse Sheav‘: Stvess ﬂi Po;n"' H is zevro.

Resultant stresses: Ty = 4074 ki

TV 1(ksid

G = 24.449¢ ksi | G&= o,

Gae = 3 (G +6y) = 12.223 Ksi

R = J(—‘—“EG Y+ 1,0
= Jli2.223)F +(4.oM)* T 12839 ksi

(3]
;-/.—1‘_\.(

A s |
Wsi) G = G, +R © 25.107 ksi —
G, * Gue-R = -0.661 Iai et
Toe® R = 12.88 ks 1
l_ns

| E—
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PROBLEM 7.48

748 Soive Prob. 7.26, using Mohr’s circle.

7.26 A mechanic uses a crowfoot wrench to loosen at bolt at E. Knowing that the
mechanic applies a vertical 24-Ib force at 4, determine the principal stresses and the

maximum shearing stress at point H located as shown on top of the % - in. diameter
shaft.

SOLUTION
Eqw'\lau’en'l' force -cwpfe s_ys‘}ew\ at centev of S"l‘ff""‘
in SeC«'l’l‘on a:f Pol‘v\"' H. '

Ve 29 b, M=(20(¢)= 14% fbn

T = (R4)(0) > 290 bb-in

Sha‘P'I‘ cross Sed";oul d= 075
J = %' = 0.031063 in "
Torsion: o = 1S = (240)(0.375)

Cc= ‘kd’ 0.375 i
I:=2J=0.01S532 m"

- B .

T~ "0.08063 - 2.897x]O ol R.897 ks

.. - Mc _ (uuXo.37) | . SR .
Bending: &= = = SR 3.477x 1o pai = EH4T7 ks,

Transverse Shear

Rau)‘l‘aw‘f stresses ®

At point H shress dve fo fransverse shear s zevo.

€x= 3477 ki, &7 O ) Ty = 2.897 ks

T (s
¥
Sue = B(6t &) 7 1738 \si
R« (S8 + 2y
e A& = -/1.733‘+ 2.897% = 3,372 Usi
7 (ksi )
20, G.z S+ R = S 16 ksi —
6, = Guwe - R = - 1.€40 ksi —
%
- S N el
2479 ow = R = 3.378 ks
<~——— 5, 116 ———>

-mi»_.:m . Ine cenler of the Mohr's cinele Lbes ot Poa‘utC




PROBLEM 7.49 7.49 Solve Prob. 7.27, using Mohr’s circle.

7.27 For the state of plane stress shown, determine the largest value of g, for which
the maximum in-plane shearing stress is equal to or less than 15 ksi.

SOLUTION
Gx = !2 kSl 3
1S kei
Given: Tmwe= R = 15ks: i
IS kas
=2.R=?)Ok5\' 1l = .

(9\\(113 ) * 8 ks
J X - = fgot- 8% = 28.9 ks

G, + XD = 12+ 28.9 = 409 ks’ -

]

o Y= 2




)

PROBLEM 7.50 *7.50 Solve Prob. 7.28, using Mohr’s circle.

8l 7.28 For the state of plane stress shéwn. determine {a) the largest value of £, for
<31

which the maximum in-plane shearing stress is equal to or less than 12 ksi, () the
corresponding principal stresses.

SOLUTION
The center of the Mohr's cirede Lres ot Pou‘wtc
with ecoo wa‘t‘nafes ( m; O) = (L‘i}:ﬁ; o )

2
= (L0 k55,0 The radivs of the cinede is

L1

)

C 3 [ 1 O 3

'fm(.‘n-ph. )

| ks

Yy )
!
|
|

Bl e

|
|
I
|

f
i
: » W § ks i
,4'-— & lesi—wpe——m [O kSI.""—'r]

&) The Fn‘ucipa,? stresses awre

I l(!u.-

The stress Pot‘nt (6,3-'1’,,\

4?!‘._! aﬁona +l\2 AP;V\Q XIXQ. O‘F +l’l
Mohw i nede Jiajram. The
extveme P"u‘nts with R 12 kst

ave .X"QMA "(‘. ‘

The o?a.rjes‘l' allowable value
of ’i',.:, is obtarned From

“hm‘angfe CD¥,
DX, = DX, = &%} - To°
Tug = V128 = 4% = 7,99 ks =)

Gom 1412 = 13 ksy =

$

.= 1-12 = -] ks; =




PROBLEM 7.51 7.51 Solve Prob. 7.29, using Mohr’s circle.

7.29 Determine the range of values of ¢, for which the maximum in-plane shearing
stress is equal to or less than 50 MPa.

A0 MPa
N SOLUTION

Forr t+he Mohr's cfwcfe) Pa{nT
Y fies at (15 MPa 40 MP).
Tk_e vad ius o“‘:. ﬁum."-\nﬁ
circdes 18 R =50 MPa

Let C, be the focakion oF

the Je-H mosf P;M\"l'l‘hlb.
circle aund C, be that

of +he V\.‘ﬁl.f most one.

& CY = 50 MPa
C.¥Y = SO MP4
No+in5 N‘ﬂl\i 'hﬂfaujjcs
C,DY and C,DY

x'l-

k3 _—2

Eo + DY = Cy Co = 4o’ =50° Co= 30
Cooraln'mvfcs o'? Pol‘v\"‘ C, ave (OJ 75~ 30) = (O_, 4s MP&)
Lil'.zmn‘:-cJ coordinates of Poinf C, are = (o;, 75'#’30); (O_, log MP«)
Coordinafes of poial X, (45-30,-40) = (15 1Pa, -0 MPa)
Coovdindes o poiat ¥, (105430, -40 ) = (135 MPa, -to WPa )

The porat (6x,- Ty ) wost Lie on the Bine XX,
Thos IS MPaq = 6, £ 138 MPa

.....




s I

,

.

—/ 1 3 3 3 1 ~

[,

L~

31 4

PROBLEM 7.52

2 MPa

W
l 12 M

7.52 Solve Prob. 7.30, using Mohr’s circle.

7.30 For the state of plane stress shown, determine {(a) the value of ¢, for which the
in-plane shearing stress parallel to the weld is zero, (4) the corresponding principal

stresses.

SOLUTION

150

2
> 2 Mfbje
T Mfeer—
12 MPa———I %’
Ch7 Cue*R = T+s77
6’3_" sua"‘R = T-8.1M

Y

Point X of Mole's c.‘uje

wioat Lie on XU'X" so
Hat 6x = 12MPa. Likeuise,
Paiw'i Y fes on Line Y'V"
so thef 6‘.} = 2 MPa . The
CaoM;nJQS of € cuna

232 0 = (1MA,0).

Covnder chlocliuise vrotetion
Hvoug h  150° brivgs: Jiu{.

CX +o CB, where T=0.
R - 5‘3‘.——5':F sec"3°°

2

= ‘22- 2 xec 30°

$.77 MPa

ﬁj s —G"L—L- 6 +M$ 3°°

==2. 39 MPa. ——

A

12.77 MPa,

A

.23 MPa




PROBLEM 7.53

stresses.

12 MPa

SOLUTION

7.53 Solve Prob. 7.30, using Mohr’s circle and assuming that the weld forms an angle
of 60° with the horizontal

7.30 For the state of plane stress shown, determine (a) the value of ,, for which the
in-plane shearing stress paraliel to the weld is zero, (b) the corresponding principal

locate Po;ﬂ-\. ol

at 6= B2:7 wmpa
’z ) I W“-"k 130-
/// Anjjf. XCB =120°
.6¢"€!= 12-2
=z 2
=5 MPa
I?O:-—-
z‘/ /
/ &0’ A
0 ) c o
R= & sec 0°
= 1O MPa
’l’gd S w5 ta, 60°
Y ._,,____,.—-f/ = =~ 8.66 MPq =
ﬁﬂZHPa." c ¢ o
fe———7 AP — A T La, t
[Ase = 7+10 =+ 17 MPq —y
e 2 MPq ————t ’
63 ks 6;9«."2

7-lo = -3 MPa —




PROBLEM 7.54

25 MPa

7.54 thromgh 7.57 Determine the principal planes and the principal stresses for the
state of plane stress resulting from the superposition of the two states of stress shown.

SOLUTION

Ma hn's
Gx

RO + 20 cos CO°

oy
20 —20 cos 60. Yt mx'e-

cirede For 2nd stress stade
T

= 30 MPa
65, =
= 1o MPa adl
,Z;J = 20 5in 60.
= 17.32 MPa %
Resultaut stresses 20 |
€, 35 + 30 = €5 MPa I: TR
6,= 25 + lo = 35 MPa
’Z::; * O +17.32= 172.32 MPa L
2 (apa) Grve = 5(6,+6%) = $(e§5+35)= So MP;
. ATy (2¥17.32) -
K\ fan 209 % 22 ¢ 5 ag 11547
B A 5 ¢ mpa) 287 49.11° 0,7 29.6° By 111.6° =

<———So—-\-|

R = JE550 4 2" = 22.9) MPa

Gt Sove + R =
6‘,"' Ga.dt-R *

A

T72.91 MPea

)

27.09 MPa_




PROBLEM 7.55

7.54 throngh 7.57 Determine the principal planes and the principal stresses for the
state of plane stress resulting from the superposition of the two states of stress shown,

SOLUTION

Mohws cirede For Ist stress stadte.
3 (wsi

4 ki / 0= 4 ks
q6°
Y DAY U
Rer-.of'l'c.uf ‘S‘}NSSGS T < O
S.= Y+4 = ks % ,J ”
6& = _q + 7 - 3 k'.vl- \ e Y
,l_;y,.__ G+ 0 = & ks, 6o = J,:(G,"-I-G:,\ = 5.8 ks
2} Cesi . A%y | @e)
. ban 20y = 25 QYO . 5,
A6p 7 67.88° ©,° 33.69° -
o, + 123. 69" —
R = -/(6'-;"3-—6—.’); * 'fa;
) C A & = J28%+ 61 = 6.8 ksi
(hesi)
6ut CuatR = 12 loi =
Sb-’GAuc—R = -1 l(ﬁl‘ —
\ )
- 5.5 ot 6.5 —»




7.54 thromgh 7.57 Determine the principal planes and the principal stresses for the
PROBLEM 7.56 state of plane siress resulting from the superposition of the two states of stress shown

SOLUTION

< %’6’.,"‘%_6;60526
= 4 6,-%6,c0s20
,Z')"J: ':';:G-o sindP

Resvldtant stresses

Gy = G, 4 46.+%4G, cos2e = E6,+ % 6 cos 20
6’J= O + %6, -%6.cos 26 = 26,-% 6, cos 26
Z‘,J = 04+ 26, 5028 = %6, sin 20 )

6;.;._: Ji(gﬁ*e:j)! 6;

Mohn's civede Tor Znad sthress state
(8!

Y -
K\r\x’s
\\X/

%

.~ &,

Y
- 22‘*“/ _ &Sinza
tan 26, = 6: -6  G,+6,cus 20
SR LY N o=
1 + cos 26
ep = 7,%9

R- Gy 1 -

2
:—J(—"as;-l- %G,C.o.& 29) + ('é 6:. Sin 29\" Gg GQ‘QESG—J

= _56:, ‘/ | + 2cos 20 + cos 20 +5in* 20

%6‘;.‘/14- s2@ = B,lcosBl

]

%
4
+
x
aQ
o)
S
o
A

6.

4
I
R
a
a
o
A




PROBLEM 7.57

7.54 through 7.57 Determine the principal planes and the principal stresses for the
state of plane stress resuiting from the superposition of the two states of stress shown

SOLUTION

Mohr's circle Yor Zud state oF stress

(P
G/ = 0 Y
G'J'=O
'f;;y'= fo Y
6}-‘7«»5”'5“""%& o ?
6:1 = X, siy 60° = é-ﬁ v
Loy * Zo cos 60° = x% 60
Qesuf‘fan"‘ 5+resses 773 ! z
.G'xr o-#'& = —%z ____‘_\M\ Y °-—-T4—
& O+ i}'t., = ﬁzﬁ
'55‘-' . + "9143 = %'l-:
Glave = i(s;*é-;f):o 8 \1 o
R:_/(.Sx_;g:)1+ "(.; ,‘\-ah
- YELY S Fn)
= A
x
- 2y - 2 2 -
+ﬂh 299- 51-6_', -’ﬁ = ‘}5
20p = ~ 60° 6, = -30° 6.=¢o” = I g
6;.'2 6;,,_ + R = ﬁfo -t
61: 6;.\:'_“' Q = -.{3—2‘9 — K
2o°
b

G

s

)

J




I I .
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PR
OBLEM 7.58 normal stress a;. is equal to or less than 100 MPa.

Gy \

SOLUTION

Sn= 90 MPa '@70

T,_., = - go M‘Pca.J

Gove = 3(6c+Gy)= 45 MPa

/@j;)t . 'Lf

J45%1 60* = 75 MPa

7Y (MP R

T}

Aty . R

X
H -
\ tan 260 = 5706 7“0 3
26, = -53.13°
.B L a? A S P
K

(MPa) O, = -26.565"

6,: € l00 MPa for states ofF gtress
Correspono'fn +s arc HB K oF

Y ~— Mohr's circle. From the civcle
- 4S —ple—--15 .
e—— 0O R ces ZSO = 100-4§ = 5§ HP-
cos 2@ * _._%S_ T 0.723333
29 = 42,823’ Q= 27"
B, O.+@ = -26.565% 2L417° = - §.18°

20¢ = X6, +360°- 4@ = -10.297° + 340" -~ 85.666° ~ 2849.037°
O, = 132.02°
Permiss/ be ranqe oFf B s Bw = 6 % 5,

-5.18° £ 6 $ 132,02° —-

Also 114.85° € @ < 3)p.02°




“;JI_HJ

-

]

[ o L1

N R

L1

L1

e m—m e e—— i

PROBLEM 7.59

90 MPa

——— 60 MPa

nomal stress &- is equal to or less than 50 MPa.
ql

SOLUTION

5,;'-'-‘70!‘4?&, 6:1=o
T’J : - GO MPa

Cave < i(o\x*s‘j\" 4S5 MPa
R-[E5S) oy

) (MP)
P = fstseot = 75 MPa
s Ay _ @AX60) | 4
+een 29p —67‘—_“—&:— = T =z 3
i 20y = - 53.13°
B o 2%V W @ r
/ (P On = ~26.5¢5"
"/').Q 6 € SO MPa For states of sdress
Y c.omspono‘fn 4> the cve HMBYK of
m Mohy's cim}z‘ Frou the civede
eus N 75 —
= Lo —M Qtos?.?:SO-“S-SSHPq
cos 2¢ = = = 0.0ccce?
29 = 86.177° @Y = 43.089°

9“= Q‘.ﬁ?:

- 26.565%+ 43, 089° = 16.524°

20¢ = 204 + 3¢0" - 4¢P * 32.524° + 3¢0° - 172.35S° = 220.14%°

B~ 110.085°

Permiss: ble ranqe of O s Oy € O £ O

16.5214° € & € |l0. 085" -
o

Abso  196,524°€ © < 290.08s°

7.59 For the state of stress shown, determine the range of values of @ fx which the

gl




PROBLEM 7.60

7.60 For the state of stress shown, determine the range of values of & for which the
maguitixie of the shearing stress z.,. is equal to or less than 8 ksi.

SOLUTION
G ==1bksi, 6= 0
T‘ﬂ T G ksi
Guve = % (54 6y) = -8 ks
R = {(25%) + 1y
T | = JeDT+ () = 10 ksi
Y :
27, (22D
v| = SRS - = -0.75
8 [ g 2"\ A
lef ¢ )| a6 20, = - 36.870 °
T FTT
A @ 2Q 6, = -18.435°
\l ol \’I,’g\ <€ 8 ksi Tor states oF stress
K Y Corv\espona‘\l\nﬁ fo avcs HBK and
UAV. of Mohr's cinede. The
a.nj!e @ s c.q!cujn)"eof Fromn
Rsn2¢ = 8
Sin 2Q = 7?; = 0.8
29 = 53.130° @ = 26.5¢5°
Oy = B,- @ = ~-I8.435°-2¢.6¢5° = - 457
B = O, + @ = - 18,4354+ 26.5¢5° ¥ 8./3°
O, = 6 + a0° & us°
By~ B+ 90° = 98.13°

Permissibde ranaes of ©

122 —al
605. O = Oy
yse « & €98.13° -

Adso
225° € @ € A7%.13°




FROBLEM 7.61 .61 For the clement shown, determine the range of vaiucs of 7, for which the

maximum tensile stress is equal to or less than 60 MPa.

SOLUTION

6;;:"20 MPG- GJ""’QOW(@

Gove = 2 (6x+63) = =70 MPa.

Set G GO MP2 = G+ R
R = Gk —0Bue = 120 MPa

Bt R= 551

Tyl = R - @58 = - e - 1o v

anjc of 'Eg - 20 MPa < Tﬁ £ (20 MPa, -
PROBLEM 7.62 742 For the element shown, determine the range of values of z,, for which the
maximum in plenc shearing stress is equal to or less than 150 MPa.
120 MPa SOLUTION
O« = -~ 20 MPa & = - 120 MPa
oM +(6,-6;) = 50 MPa
Set Tistnpteny = R = 150 MPa
But R = 1/(@.;.\91)"*- Yoy
1y) = R (%) = 1507 - 50" = L4 wPa
Ranqe of 7y - 1LY MPa € Ty € 1414 MPa -

]




—3 [

—

e
N

o]

1 1

— 1

PROBLEM 7.63 7.63 For the state of stress shown it is known that the normal and shearing stresses are
. directed as shown and that g, = 14 ksi, 0, = 9 ksi, and g, =5 ksi. Determine (a) the
orientation of the principal planes, (b} the principal stress o, , {¢) the maximum in-

plane shearing stress.
SOLUTION
Ggr 4 ksi) S'J:‘? VﬁiJ Gore = -%(6;...6&):-],-5](5;
6:-.'n = 6;14 - P - R = 6;.;4 - 6:.,;..‘
= N.§-4& = 6.5 ks

(¢

\/(g‘:z—si)" ¥ Tyt

Ty =t R*-(FgE = £/ esr - 25 = xc

But i1 1s -jivew +h ot Ty s Pos."}:lve) 4 hos ’t‘,u. x4 & besi

)

(ksi) v

2 T
(@) tan 26p = ﬁ—

- @Xe) _
= 2.4

8 AG 26p = C7.38°

7 (ksi)
28, 8, = 33.¢9°
O, = 123.¢9°

(b) S‘,.m“_ = Gum + %4

i

.5 —e—6.5 T 6.5 —> = 13 ksi —-
(©) Tminptamay = R

= 6.5 Ks¢ ik




T

ft—— F,

)

.64 The Mohr circle shown corresponds to the state of stress given in Fig, xxa and b,

PROBLEM 7.64 page yyy. Noting that .= OC + (CX) cos (26, ~ 20) and that 7., = (CX") sin (26,

- 28), derive the expressions for g and 7., given in Egs. (7.5) and (7.6), respectively.
[Hint: Use sin (4 + B) =sin 4 cos B+ cos A sin B
andcos(A+B)=oosAwsB+sinA sin B .]

o, __I Y SOLUTION
" ¢ y  0C = 46§y cX’ = Cx
i_% TX' cos 28p = CX cos 26, = 2581
At EX' sin 265 T CX sin20p = Ty
i ' 6, = OC + CX' cos (26p-20)
=0C + &X' ( c..os'lzepcos,?e + sin 48p 8in 26)
= OC 4 CR'cos 26y cos 2P + CX'sin 26, sinl0
= St | Sec6icp 20 4 %y 3in 20 -
’,:_‘;.J, = CX sin (RBP— 28) = X' (sin 29‘,@529 - cos 28 sin 26)
= &X' im0, cos 20 - CXcos 26p sin 26
= Tey Cos 28 - §-’i%§-’ sin 16 —t




®

PROBLEM 7,65 7.65 (a) Prove that the expression g.a, - T E'y’ , where a,. , 0, , and 7., are

components of stress along the rectangular axes x’ and y’ , is independent of the
orientation of these axes. Also, show that the given expression represents the square of
the tangent drawn from the origin of the coordinates to Mohr’s circle. (b) Using the
invariance property established in part a, express the shearing stress g, in terms of 4,

, and the principal stresses and o,
SOLUTION % principal o 30C T

e (@) From Mohr's cirelde
Tuyr = Rsin 26,

6;:’ = G..eg + QCOS ZGP

63' * G‘wc - p cos 29,.

o 2
@.G\I'- tl_‘r'
2
= Gave - Qz cOs’ZGfe Qz.St‘r\‘ZQP

| SE— G‘;.u. o .
B z 6:;.: -R * ‘, ind ¢pem(en+_a¥ 9,,,
e Draw Jine OK From orgin 'l-a..wjeu'l’

K to the civede ot K. Tw'anq!e OCK
d s o wiqht triangte

7 '//’/,' s R — 2
iy / . C oK™ + Cr™
I//// / /’//f/« C

1l

- chlc -

(L) Appjjimj above 1o 6, Gy, and ’}f‘j avd o GG
6« Oy - ﬁ; = 6.6, - T = Gue - R .
Bolt Zu= O

)

=
“ o
!
A
1
A

6:( 6:\, -
Tx = 6; 6_3’ - 6:“* Gm.'n .
T:J = -_}-'4 6;( GJ - G'm.“ G‘m.‘q | —

The sijn cannct be determined From above eqdq}hons.




PROBLEM 7.66 7.66 For the state of plane stress shown, determine the maximum shearing stress
when (@) 6,= 20 Ml’a,)(b) g, = 140 MPa. (Hint: Consider both in-plane and out-of-
ing stresses.

y plane shearing
SOLUTION
(@ &= 4O MPa, 64 = 20 MPa
wy = 30
Td 8 MPG. T’) (MPA,.)
6M= —;'(G‘+6:Y) Y

-

= 80 MPq
RO+ 7y /

B
= 1} co“ + 800 = 100 MPa

il

6= G+ R
Gb: Gan “P
6. O

80 +100 = 180 MPq  (ran)

Tamtingtasy = 26 - )= 100 MPa
THW = % (G-nm" Gv-n) = [XoYe) M Pa. —ml

T ) (M)

(b)Y 6 = 140 MPa | G;= 40 MPa L e

AN

Ty = 80 MPq y —_.
Cue = 5 (6L +G) = 140 MPa / f \
: /
R = @)+ 75 o B |le _Ale

. (nea |
= .JO + B8O = BOMPa \\ K
6:, = G;u + R - 220 MP&. (Mm) _ \\ e P /

6.,"—"6:,,-2’ 6o MPFa . - .
6;= © (Mih)

Leatioples) = 5(60- 6) = 80 MPa
Towe = 360 ~6L )" 11D MPa -

\ (M)
86 - 100 = ~ 20 MPa  (min) \ .




R R

PROBLEM 7.67

7.67 For the state of plane stress shown, determine the maximum shearing stress
when (a) o,_=40MPa,(b)q= 120 MPa. (Hint: Consider both in-plsne and out-of-

Y plane shearing stresses.)
SOLUTION
ta) G, o MPa 637 HOMPa  Ziy- £0 MPa
a4 50 MPa 5. = (5, N ) T

140 MPa = 90 MPa

I S e e
= 1/50‘+80‘
= 94.34 MPa
C.= G+ R+ 189.34 MPa (wan)
61,'-’-‘ 6“,‘-—121 - 4.34 MPa (m-'n‘)

6. = 0O
/Euw(in-ffmt} = Ji(&." 6-5) = R = 94,34 MPs
me = 'k(s-mn«,— 6-...,-,,')7 %(GQ.‘G;) = 94.34% MPa -

(LY 6y MOMPa | &= 120 MPa , T, = &0 MPa

T3 (Mpa
Ge * % (6.+6;) = 120 MPa (me)

R (557 v %

P - Y .., \
4 \
/ \
£ (ol A &

= 10+ 80" = 80.62 MPa {
Gp® G +R = 210.62MPa (i) \ (HPe)
6},’6;-;"‘?’ 4‘!.38 MPQ \\
6}_ = O {wain ) \ -~
™~ —

Gwmu. = G;, = 210.62 Hpq
Gnu’h = 6:. = O
ToosGuptney = R T 86,62 MPa

Tonw = 56~ G Y= 105,31 MPa, ~m




PROBLEM 7.68

L

Go= Gun +R= 12+ ID
Co= G -R= |2~ 10
& = ©

’L’M;..,,p.,.)’-' R = lo

fm = i(ﬁ_m-ﬁ'-.:.) =

(b\ G; = Y kas 6:, =

6oz 4(6,+6y)= 8 ksi
R~= J(%m )t 'l"r\:-’"
= 46‘ + B* = Jo

6M+R= '3 ks
6:.-«.“’ R s “Zk!n‘

G....., = 18 kSI‘
6‘....;.,. s -2 kK

ﬁnw-’ %(6;-#-" 6'4*) 8

7.68 For the state of plane stress shown, determine the maximum shearing stress
when (a) &, =6 ksi and a,= 18 ksi, (6) o, = 14 ksi and g,= 2 ksi. (Hint: Consider both
in-plane and out-of-pianc shearing stresses.)

SOLUTION
@ 6:7 Ghsi Gz IS ket Ty= B kei
T2 (ksih
G‘M"%(G_ﬁs:j\ /,"" —“\
= 2 ket / Y
Q = (%'.&)"4_ t:l& /
&
:W (ksi .}
= 1o ksi
= 22 ks (man)
= 2 kﬁt'
(M'u)
kSl'
“ ka gl
s Tw = 8 Ks)
R e & ) e
Y
lts:' /
(man) 3
c (k&u')
Cm\"v\) \
\ .
r— 3 —oe— JO —
10 ks il




PROBLEM 7.69

6;': 6;,,. + R 7 & ker Cwen
6.+ Gue - R= -4ksi  (min) \

6 = ©
G = 16 Ui

7.69 For the state of plane stress shown, determine the maximum shearing stress
when (@) ¢, =0 and g, = 12 ksi, (b) a. =21 ksi and ¢, = 9 ksi. (Hint: Consider both

in-plane and out-of-plane shéaring stresses.)
SOLUTION
T3, (ksi)
Gau. = -5‘? (G.w"" 6_})
- G ks
R = -J@‘;—gj )l N t’l

B V(‘e)z+31 2

@)y 6,= O Go = 12 ksi, Tuy = 8 ksi
3 b 3 3

N

A&

= |0 ks

smin s = 4 kSJ

fﬂm = '11(5‘“—6-";» ) = ’O kSl‘ 4

(b\ 6;-" 21 ker G‘d <

Saue_ = 15 k‘b <

R < ﬁﬁégj): + T.Jz

= -]/ (~g) + 8% =

6.., = 6‘_,,_ + R = 25 ks-‘ Cwuu;‘)

L]

65’61-«."‘2 5

o

6. -
Gu = 25 Usi |
Towes

q ks ’Z’..J-' 8 lst

10 ks: /

Cusiy

ks«
Cwu‘v\ \

Cuin = O

= 3 (G Goin) = 12.5 ksi -




P 7.70 and 7.71 For the state of stress shown, determine the maximum shearing stress
ROBLEM 7.70 when (@) a,=0, (b) 0, = +45 MPa, (c) 0, = -45 MPa.
¥
SOLUTION
€ = 100 MPa | 6,7 20MPa , 7y = 75 MPa
0 75 MPa ) (MP)
: G‘.*z -ZL(Si"'GJ\
Y
100 MPa = 60 MPa ;

™~

LR (o

B/ A 6

= 85 MPa \ HPed
B = G+ R = 145 MPa
6.|.= 6;.)1. - P s ~A5 MP‘. \ b
25 te— 60—l RS —»
@) 6,=0, 6= 145 MPa, &, -251Ps
Grww= 14§ MPa | Grin= =25 MPa, Toey = 3 (Goes-6ln) = 85 MPa =
Y G,=+4§ MPa, 6 145 MPa, G, -2§5 MPa

Goee > 148 MPa | Gl - 25 MPa

() 6, = -4S MPo.)

Omen = 145 MPa |

Gm‘»\ = - 45 MP@

Tm = é(sm— Gun'h\ = QSMPQ_ ity
6,7 145 MPa, 6,= -25MP«

Zow © ‘5‘(6;..,“' QG )= 95 MPs -

[ L

(

O

s N




7.70 and 7.71 For the state of siress shown, determine the maximum shearing stress

PROBLEM 7.71 when (g) 0, =0, (b) 0, =+45 MPa, (¢) 6, = -45 MPa.
! SOLUTION
6, = 150 MPa 6:7 = 70 MFPa ’z’,g = 75 MPa
75 MPa £l (MPa)
6.“\‘1 ® Jz'(s.‘+ GJ\
o 1503 = 1O MPa X
et
* R=/&5%) 2y
= 404 78"
- 85 HP&
6;_:' 6@\0: +R v \CfS' MPC\
6‘5%‘ Gue -'Q = 25“?&

(o) 0 6. 195 MPa, 6, = 25 MPa

6,7 b

Sues 195 MPa |, Gz O, Tow™ 3(6un=6ua) = 7.5 MPa
(k) G,= +45 MPa, 6,195 MPa, §, = 25 MPa

Go® 195 MPa, Guin® 25 MPa | Tux™ 2(Cap=8un )= 85 MPa
©) Gt -45 MPa, 6. = 195 MPa, 6,=25MPa

G 195 MPa, 6o = ~4SMPs | Toms= 5(60u-G2) = 120 MPa




PROBLEM 7.72

y

SOLUTION

7.72 and 7.73 For the state of stress shown, determine the maximum shearing stress
when () 0, =+4 ksi, (b) 0, =4 ksi, (c) 0, =0.

6= T ksv | Gy = hsi, Ty =-6kss
Y (ke
X
Cuve = T(Cu+ &)= #5 ket B é. A (fm
N R
= 28+ (O = 6.5 ki

€t Gue*t Rz N kar X |
6L= G~ R = -2 ksi le— 4.5 —ale—— 6.5 ——
@ 6,= 4 ki, Go= N ks', Gp= -2 ksr

Gt 1 Usiy Gt = 2 ksiy,  Toww® § (GG ) = 6.5 Ksi -
() G, =-Ylai, G.= Il ksi, G, =~2ksi

Goe= W ks, Gipx =4 ki, Ty $(6..-61) = .5 ksi -
€ 6= 0, Gu.=lks, 6= -2ks

B ™ Hlse, Guinz ~2ksi, T 5 (G~ G ) = G.S ks —




— 3

1

PROBLEM 7.73
when (a) o, =+4 ksi, (¥) o, = -4 ksi, {c) 6,= 0.
Y
SOLUTION
6; B S k5|' 5 6J

7.72 and 7.73 For the state of stress shown, determine the maximum shearing stress

R X A
6. = GCue + R = 14 kar
6= Guse =R = | ksi
(@) 6,7 +4 ksi| Ga = 14 ksi
G = 14 s, Gy = 1 Msi |
(b)Y 6,7 -Uksi, Go=14Nksr,
O = 14 Ksi Cpin = = 4 Uai
) 6, = A G s 14 ksi
Crew = 14 Ko Cuin= O,

%
15 6.5 —
Go= | lkse
T (O~ 6 Y= 6.5 ki
6, = | ks
Toen = 5 (G =Cmin Y = 9 ks
G, = | ks

fum’ %(Gmm‘ 6:-..-) = 7 kss

(Msi )




- H f h.i .
PROBLEM 7.74 7.74 For the state of stress shown,daemmetwoval_um of g, for which the maximum

shearing stress is 75 MPa.
! SOLUTION
§ = -70 MPa, Ty= 40 MPa
Lot V= —63‘—2—6" 6_:{ = 2u + 6,

6-“"" :*-(6?,1-6_}): (S
RT]/' T /2;31 D= & ,.R-._“‘“‘—_ Té‘:

Case | Tw = R = 15 MPa | u=:kJ75"—‘+o" = & §3.494Y MPa
la) (U= + 6344 MPa Gy = Ru+ & = 5¢.83 MPa. . -

Cave = é(ﬁ‘,.i-s':,)* - 6.5 MPe.
€. = Caet+tR = G844 MPa | &, = e - R = - 81,56 MPa
6. 20 Guu= 6844 MPax , G = - BLEEMPa  Twy =78 M Pa_

(1b) U= -63.44 MPa 65 2 +6; = —196.88 MPa  (vejedt)
Gure = %(6.+§) = ~133.44 MPa 6. = Gun+ R = -S8.44 MPa
6p = Gue—R = —209.44.”?4.3. Ce=©C , Cum=0
Goin® ~208.94 MPa , Zowe= 26y~ Gin ) = 10922 MPa_ # 75 MpPa
Cuse (2) Assume G = @ Vow = 7 (o= Gz Y © 75 MPa
Ghin= =150 MPa = 6,
6= Guwe-R = 6,40 -{u's 2

..WIUZ-I-_'),’,;. 2o Get U - 6w

LT (Gx—S.-,)?- 206~ 0+

we Berars IR oo

U = -30MPa (5:1.-2.)+6’,r - 120 MPa. -
R=Ju*+ 45 = S50 MPa

€. G, + 2R = -150 +100 = - 50 MP« O.k,




1

T N s R
()

1

—/

f-_‘_,,_ﬁ_

7.7% For the state of stress shown, determine two values of g, for which the maximum

PROBLEM 7.75 shearing stress is 7.5 ksi.
y SOLUTION
G =10 ki | Ty 7 G ksi T = 1.5 kesi
let w© = -6-:7—;-—6.-’—'— Gy = 2 + 6,

s _ 6&&"'2!'(6‘\;"'6:]) = G.x'\-u
~., R=Ju*+ s

Casze | Toen = R = 1.5 ksi u= & 4.5 ke

(laY U = +4.5 ksl SJ, z Z20+ 6% = 19 ksi rejed
6;‘,= - 'L(G;(* 6::; )"—'— 4.5 kei J G'a,'-' GM'V R s 22 k‘s“, 6-5 = GA,”_ - R =7 ksy
Bz 22 ki, Guin= O,  Toww® 5 (Can- G = 11 koi = 75 ksi

(LY b =-495 ksi 6= 2w+ G = | ksi -
Gr = ‘%(Gx*fﬁ:j)r 5.5 kSI.J Qu* Ount R= 13 k5l‘) 6; = 6‘.@@_- R= - 2 ks
GM: ,3 k‘Jl‘ 3 Gn-‘n = - 2 ks'- ) fh—-m= Ji 6-;--—&'" G'mq\ = 7- 5 k\i‘ O.l(.

Case 2 Assume 6., = O Goeg = 2% ™ 15 ksi = G4

.= Gu*tR = G+ +.‘/u"+ ’I’,.;

6, -G~ = AU+ Tug
(6;_,'6‘,; -U)z = Uz"l' ').’-J"
(6-."6; )1 - 2(6“- Gx)U + /J‘:‘ = ,U}, + ﬁj'l-

(6.-G) = Ty _ (is- 1) -8 _ _ .
G..- On . s - 1o j 2.2 ks
5_',*20+G‘,,=7.8ks.' e

R=Juis "C.J"rﬂ G.) ks:
Sb ] G;,._ - R H 2,8 kSl.
Tw«q‘ -":-.7-5 kﬁl‘ '

v *
v o= =Ll ks

G = (6t 8y ) = 2.9 Kei
Go = Cun*R = IS ks V

G'm-*:' 15 k%\l > Gm"v\ = O




PROBLEM 7.76

7.76 For the state of stress shown, detamineﬂxcvalueofq,ﬁxwhid: the maximum
shearing stress is 80 MPa.

SOLUTION

Bec= 120 MPa G = 70 MPa

Oue = 2 (6,46, )= a5 MPa

G'“--G'! _ 120-70

= = 3 = 25 WPa
Assome GLi=0 Crn = 2%y, = 160 MP4
Ba s Ouw » S+ R R= Gu~Cue = 160-95 = 65MPo
R @SVa gy 7= - (58) - ™25 - ot
Ty = * €0 ks _‘
6= 6.-2R = l1go-130= 30 MPa = © O.K,
T | (MPay

/"'-\

| O
S

1

)
e e

¢
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|
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PROBLEM 7.77 7.77 For the state of stress shown, determine the value of £ for which the maxipnm
shearing stress is (a) 9 ksi, (4) 12 ksi. ®

4 SOLUTION

6, = 18 ksi

U = ..S."_:_.G-X =
g

() (_ks.‘)

(Q) Folr Tmm: q ks{ '2

Center of Mohrs circde q
Hes ot Po(-»‘f C. Lines

war ke (@) show the

/?.'m."l‘s oNn  Teae. L-"ms"}'

0n Gune 15 Coee™ AW nne

= |¥ k»Sl.. Fob" f';\c

6\}7 G k"af
Chve. = %(6::']'6:‘!):‘ 10, § ks ¢

‘f.S ks:

(le)

N
-

Mobhr's cirde 6,7 S e B.]
Carr*esponals o peiat A..

Rt 6;_* Gm
= 18~10.5 = 7.5 ksi

R':‘JU"'I' ﬁ;' q

Ty

s

1

1

2

TR~ 0? T __\j_\4 -;.I.. |
t—‘-!.':jn-'!.s' |

i. 7-57._ ‘1’.5 l‘ —10.5: i} l

H

+ G ks —

(M=iD

f——— —————— = -
o

)

— s e ey —
!
—
T
—

Y For Tu,.= 12 kei.

Center of Mohr's cirede Hies ot Fo;’v\'}' C.

'z’,& = :LJR‘ -0* = +1.24 ks:

Cl‘\eol{.:n1 6;‘
o8
Lo = % (Cra = O ) = 12 ks

w M

o

jo.& + 12 = 22.§ ksy

R = 12 ks

61: 1.5 -12

oK

L

- 1.5 les¢




PROBLEM 7.78 778 F;ﬂhe st?stesgf M?s.e:.s shown, determine two values of g, for which the maximum
y SOLUTION
Gy = 90 MPa 6, =0 Tua = 60 MPa

Mohr's cirede Tor stresses in zx—fu’qze.

Goave = 26+ 6, ) = 45 MPg
R= &S+ 5 = fustvcot = 75 MPa

6b= Gq.n.""R: —30 MPA.

’rl (MP&.\
Guin=6, 7 - 30 MPa

6‘”’!'4‘ = G:m'o\ + Qfm

-30 +(2)¥3) = 130 MPy - Xz

faz Gue+R = 120 MPa

3
Assvme 6.,z 6, = 120 MPa
63 = 6:-1-'" = 6;--4:. - ZTmm
= 120 - (2XN80) = - 4O MPa, -

Assume

&

13

T--80

— L = ==




v

R

L__JL_WJ{___][_][.:J—LI_[__!/_\[_I{_P_}

7.7% For the state of stress shown, determine the range of values of z,, for which the

PROBLEM 7.79 maximum shearing stress is equal to or less than 60 MPa.

y SOLUTION

a, = 100 MPa

6y= 60 MPa , 6,= O, Gy (oo MPa
Fov" Molﬂf“s ci(‘cﬂe o'? stresses in Z)(-Pjane

v Gove = (6,56 30 MPa
U= Sx-& . 30

2

Assume G.,,w= f):).‘-' 160 MPa

Gh-»'v. =

S

R -

6, =

Luz 7

B0 +50 T 80 MPa < G,

0.K.
R ’fUa'l' Tt
o~

61 ® G'mm - 17:»\«4.

100 - {2)(46) = =~ 20 MPe
6'-\-& - 61: //_\\(
20 -~ (-20) = §0 MPa
G + R

T (MPa

i./R" - u* K
i'-]f Sor - 30t = j: 40 MPa 26 e 30 -]

le—eer—— |0  —————

~4o MPa € T, < 4o MPa




*7.80 For the state of stress of Prob. 6.66, determine (a) the value of g, for which the

PROBLEM 7.80 maximum shearing stress is as small as possible, (b) the corresponding value of the
shearing stress.
¥
SOLUTION
Let b= 5% 6y = 6¢- 2V

Suve = —:LT(G)""G_") = 6; - U

R o= v+ 2"

6;..= SAUQ""R = 6::-.U +-JUL+'I;3L
61: Cun-R = G,-v --/u"+’1‘.3‘

Assome Tnws 18 the inplanc shearing stress Town = R

T"UCV\ ’f...u(.-;..,;m\ is M-'nu'mum"l"F v =0
Gys 6 -2 = B¢ = 140 MPa |  Gue= G- U = 140 MPa
R = 17\ = 80 MPa

.= Gu+R = WH0o+80 = 220 MPa
o= Gaw-R o -80 = &0  MPq

Asaum’: Fon s im Caw%d'-

A‘SUMC Q..,‘ = Gq_ = Smu. + R = s'g - U + Uz'f fw‘-

G‘Mt'v\ = O f“tﬁ = %. (Sm - 6:-\'-'\'\) = %6;.
JG“' = -1 - + O ho winimdm )
p R o ¢

Or"'o'mym . M@fyc ‘-Paf‘ u oLeuvs wkev\ f..m(auf-o-}‘-f!m\ = ,Zm--;(fu.'f..a_]

5 :'§(€,+ R) = R &v f6;,,--; R or G- U = JO%r By
(6;—0\3. s 6'1,1 - 20 6, 4-,6" :,ef‘.g- ’Z',.;'

z T
20 - STy o Mo -8 . 443 mpa U WLIN MPa
6* 1o

&= B,-av v 4O =943 = 48,7 MPe -
R= o+ %y = T = 929 MPxt




S Rl

7.81 The state of plane stress shown occurs in a machine component made of a steel

PROBLEM 7.81 with o = 45 ksi. Using the maximum-distortion-energy criterion, determine whether
yield occurs when (a) %, =9 ksi, (b) 1, = 18 ksi, (¢) 5, =20 ksi. If yield does not

121 ksi occur, determine the corresponding factor of safety.

— SOLUTION

36 ksi 8 = 36 ks Gy = Al ksd &,= 0
1 For stresses M xj’P‘p4"°- 62«.;’{(631‘5}\’ 28.5 ks;
858y = 7.5 ks
@) Yyt A ke R= JET Y enp = Y250 @ = (1715 ksl

ot Gt R ™ 40215 i, G,7 Guue-R = 16.875 ksi

\/6;-., 6, - 6;6"? T 34,977 ksi < 4S5 lUss moyua.-na )

- _4s _
F.S. = zq.495 = 1-287 et
b)Y Ty= I8 ksi Re (55 4 1~ = {(Z8)+08) = 19.5 kei

6‘0_:'6;.,!“‘?“1‘}81(51‘) 6;"6:,,.-?"“ 9 ks,

{6‘;"' + 6';1 - 6:‘6” I 4‘1‘_ 193 s < H5 sy (onf&fo,t'na )

fs ey - o ~
© Ty = 20 ksi R:f(S58)+ 20, = 78)+ @) = 2136 ksi
6.7 G+ R = 449.86 Cp = Cue -R = 704 ks
J &I+ 67-66, = 46732 ksi > 4sksi  (Viehling occors)




7.81 Thestateofplancsﬂnsshownocuminamadﬁncemnpmmmadcofasteel

PROBLEM 7.82 with o, = 45 ksi. Using the maximenn-distortion-energy criterion, determine whether
yield occurs when (@) 7, = 9 ksi, (b)r,,=18ksl, {€) 5, =20 ksi. I yield does not
121 ksi occur, determine the corresponding factor of safety.
7.82 Solve Prob. 7.81, using the maximum-shearing-stress criterion,
SOLUTION
Gy = 36 st 6:] = 2 ks 6= O
For stresses in Xj-Pjane. Gawe =% (6,+6, 1= 28.5 s
§;—;:§} = 7.5 ks:
@) Y7 9 ksi R=J(85) v 2 = 12§ Usi
Ei = Bue + R 7 WO S ksi , €, 7 Goe = R = 16875 ks!
Cuee = 34977 ksi | Guin = O
R Tins = 6-.....,..- Cuocn = HO.2U8 ks < Y5 les: (Noy:'e.fufnj)
; - 845 - —
S = Ho.215 - 1. 119

B Toy: 13 ksi  R={(BIEV B 5 19.6 ki
Go® Saet R = 43 lai G ® G -R = 9 ks
Con = 48 kst Buin = O
2% ™ Cru= Cia = 48 ksi > 45 ksi (Yieloding occuvs )

©) Ty =0 kst R=fE£SY 4y 5 2036 ki
€ Cuw+ R = 49.8C ks G ® Cae-R= 704 ksi
6;\-\16 = 4?-86 les: G‘M-'n T O
2%us ™ Gown = Soia = HABE kai > 4S las (Yreldding occors)




7.83 The state of plane stress shown occurs in a machine component made of a steel

PROBLEM 7.83 with o =325 MPa. Using the maximum-shearing-stress criterion, determine whether
yield accurs when (a) 6, =200 MPa, (b)_ g3 = 240 MPa, (c) 0, =280 MPa. Kyield
l Gs does not occur, determine the corresponding factor of safety.
————=_ 100 MPa SOLUTION
Gave = = G, R-= 1/(§L2:§4 Y+ Ty = 100 MPa

@) G,= 200 MPa, Can = =~ 200 MPa

6.2 Gue+R = =100 MPa 6o = Gave - R = - 300 MPa

G = O, Guiaz-300 MPa

R2Cuie = Guwi= €in = B0OMPa = 325 MPe.  (No yieleling )
F.S. = 225 . 1083 -

30

k)Y G, = 246 MPa , Gove T =240 MPa

Gn® Can + R = - 140 MPa |
Gmm = O 2 G.M-"\ = "3?0 MPA-
2ln ™ Gon= Cuia = 340 MPa > 325 MPa

Gh':G‘M "‘Q 2 =340 MPx

(Ya'e/u:'n:-) oce uws\
©) G, = 280 MPa Gue = — 480 MPa

Gu= G+ R = - 130 MPa Gp * Cue -
Bpap = O Giw = - 380 MPa

T - 380 MPa

>
2T * G = G = 380 MP. > 325 MPa (Yiedding occuvs )




@ 6, = 200 MPa

L) G, = 240 MPa

7.83 The state of plane stress shown occurs in a machine compenent made of a steel
with gy = 325 MPa. Using the maximum-shearin criterion, determine whether
yield occurs when (2) g, = 200 MPa, (b) 0, =240 MPa, (c) o, =280 MPa. X yield
does not oceur, determine the corresponding factor of safety.

PROBLEM 7.84

7.84 Solve Prob, 7.83, using the maximum-distortion-energy criterion.

SOLUTION

6 = -6, R =/(S55)'+ 2 = 100 vPa

Guw = - 200 MPa
6.7 G + R = -100 MPa

fG‘: + 6 -6 -~

- 325 . _
F.S. = 2¢9.5¢

, G, = Gue-R = =300 MPa

264.56 MPa =< 325 MPa (NOJ.'.«_-MMO\

1. 223 -

Gase = =4O MPa
6;'7 6;‘,‘ +R = - 1Yo MPa ;

{61+ 6. - 6.6, =

325
295.97

6;,"' G:tn“R

- 340 MPq

248,97 MPa < 325 MPa {No yr’e}afu'nﬂ)

F.S. - .09% et
6,= 280 MPa Gave = -280 MPe
6. GuntR = =180 MPa,

-J G:'* G‘bt "6-..6'5 =

6‘5"'6;"_-?"'—380‘49&

329.24 MPa > 325 MPa (Yeekding occurs )




PROBLEM 7.83

z'ﬁ»,.* =
4 Ty =

FV‘OM +o V‘Sfov.

\T-: g—c‘_qr
cs%d -

— _ (204.71 x[0°1)(65.668 % (0%)

7.85 The 38-mm-diameter shaft AB is made of a grade of steel for which the yieid
strength is &, =250 MPa. Using the maximum-shearing-stress criterion, determine the
magnitude of the torque T for which yield occurs when P = 240 kN,

SOLUTION
P = 290%10" N .
A= Edz = F(380% 7 10341 % (0% mm = LIBIN /S m
_® . 240 =jos _ o R '
6= & T TTagieies - Alhexic’Pa = 2116 MPa
Gy = © Cave = é(5,+6‘3)=5‘,;6;

R = ‘J(gx%g‘:)z + ,:’L =

-/ 6.5+ ’I,u"

2R = {65+ 47 = 6

G, - 6~ Lo = ;.('-1/6}1‘-6}" = 3+ 250" - 211. 6%
= GE.568 MPa = 65.548=10°Fa
- Te c S0y
’z:d - _j.-"'_- T = e
er(%g)” 204,71 #10* wm = 204.71%/0 " w
19 %102 m

717 N-m

{9 x{o~%

z




PROBLEM 7.86

7.85 The 38-mm-diameter shaft 4B is made of a grade of steel for which the yield
strength is o =250 MPa, Usingthe maximum-shearing-stress criterion, determine the
maguitude of the torque T for which yield occurs when P = 240 kN,

7.86 Solve Prob. 7.85, using the maximum-distortion-energy criterion.

SOLUTION

P= 240 x10° N )
A= Tdt = F(881r 1134190  mm = 11341007 ° W

- _?_ 240 v1o* ¢
G - A T Thaaraios C RiHexio Pa = 211.6 MPa

6y = © Cave = 2(6:+6)) = 46
R - (5,3;_6} Y+ Ty = A6 T

G Gae+R = %6+ {367 oy
Gi= Gun-R = 6 ~4%6"+ T,

6‘“,1 + 6_51 - 6:\.65 s -Llf_G‘gt + 6; -‘1*-6:01"‘1:?; + 1![6;:- T+ x;-

+ %6, - G;‘JA-S;"«}-Z)‘ + ;_%6;""-‘+ /i:;“

"_‘.%S;‘L + _‘|+_ G;l-‘- /rwJ\.

= 6—,(2 -+ 3 fﬂz = 6-!(1

2:«;- :‘7>L (Grz = an)

By = ,7'51[250"-211.6"- = 76.867MPa = 76.867/0°Pa
From Forsion ’Z’,‘J = “TE-Q' T= __\I(.:..sz_
T= Fe' = Z(8Y - 20470%/0% mm® = 2047 /6" pu”
c= 2ol = 19%i0" m
“1Y(7¢.87¢x (6°)
T = L3°“~7',;,‘ﬂ,",0-3( "=~ = 828 N-m ~
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PROBLEM 7.87 7.87 The 1.5-in-diameter shaft 48 is made of a grade of steel for which the yield
: strength is oy =42 ksi.. Using the maximum-shearing-stress criterion, determine the
magnitude of the torque T for which yield occurs when P = 60 kips.

SOLUTION
P = ¢o kt'Ps A= %Az = %(1-5)" = 76 int
.. _ _._¢6o _ _ .
6-* = A = 1.767‘ - - 33.q53 ks:
s:‘{: o 6‘..,.;‘—"&(6_,&6‘})“-“- 7 65

R - JESEY Ty - it 7g

AT = 2R = .‘/ G,"-t-‘-if\,d" = 6y

"l'l::gl = G}t‘c‘xt Ty © -',!2- 6y - 6, = %'/ H2* - 33"’55&‘

= [12.361 ksi

(-
Frow +°/‘5:0m 7:3 B IJ—E T = -J_'.C'—;L
c=did = 0.75im J= %e' = 0.49701 in*
_ (0.42701 12261/ o
T = 575 = g. a ‘(lP‘lﬂ ——




PROBLEM 7.88 7.87 The 1.5-in-diameter shaft AB is made of a grade of steel for which the yield

strength is g; =42 ksi.. Using the maximum-shearing-stress criterion, determine the
magnitude of the torque T for which yield occurs when P = 60 kips,

7.88 Solve Prob. 7.87, using the maximum-distortion-energy criterion.

SOLUTION

P = 6O kips A=Td2 = T05) = 1.7¢70 int
.. P __¢o - .

bu=-g - Laeny © —33.958 ka

6y = 0 Bae = 2(Gu10y) = L6

R = (S8 gy = [F6,"s 7

S&‘_ s;ue*'R sb= G:\.J!-'-P

Cl+ §F-6.6 = (Gu+R) (e ~RY = (6o + R -RD

A}

Give +260R '+ R 4 Guve = 26, +R*- G2 + R

Sa.vg + SRt

768+ 3(#€1+ 7y ) 7 6437 - 6,

i}

‘I

Ty 75 (8 - 62 = fFyfut - ssassr

= 4,273 ke,

FrbM 'l"bf‘if'om T:y N % = Jgﬂ
e= hd= 0.75 i, J=Zct = ZT(o) - 0.499701 00"
_ {0.4970N(14.222) o
T = 0. 7% T 9 4a krp-m. -




7.89 and 7.9 The state of plane stress shown is expected to occur in a cast-iron

e I
O

o

— L’] —

PROBLEM 7,89 machine base. Knowing that for the grade of cast iron used gy = 160 MPa and ¢, =
320 MPa and using Mohr’s criterion, determine whether rupture of the component will
OCCUr.
150 MPa
l SOLUTION

160 MFPa

l g = O Sy = = 150 MPa Ty = oo MPa
3 (MPa)
Geve = ¥ (636 = =75 MPa , N
R __,_J(G‘g;ﬁ}\t R ,rﬂa
’-J 75 + oot = 25 MPq '
B e o AG
G’kr Gau*‘Q = 50 MPa G, (1Pa) (»Par
61’ C\;,,_-Qr - 200 MPa
1 N L ol N X
T _deo -|wo ¥ivo SNCLY
“ oo 4 200 MPs
- 100 4 —
-JSOL
Ec,va/“lov. o‘F + e q‘Hm qvm\ hqn'} ouUn '“':I 'S 6_‘_ - .é-_ = |
T e
ii - (-;aog) = 0.9375 < | 5 Ne Wp*"dﬂ-’. e




7.89 and 7.99 The state of plane stress shown Is expected to occur in & cast-iron
machine base, Knowing that for the grade of cast iron used gi = 160 MPa and gy =
320 MPa and using Mohr’s criterion, determine whether rupture of the component will
ISO MPa occur,

PROBLEM 7.90

———LL SOLUTION

WMPa 5 = GoMPa , By = ~ 50 MPa, T, 65 MPa

3

Buve ™ 3 (6,4 &) = 20 MPa Y

R = _/(gz_‘é%)‘ + t-_,i

B
- J?oh@.s‘ = 95.5 MPa
G (MPa)
G Gue + R = 115.5 MP4
S G;“ - R =*-75.S MPq
4 G
(155 o

6,
Equo./{‘:‘on oF 4+h ?uaahﬂqnf bauna’avy Ea - = = |

Gor  Goe
1.5 ~75.5) .
Tl (320 0.958 < | No va'I'ure. -




T a3 .3 .3

Gb =
EquaA‘fon oF 4 th quqc[wa-n‘f‘ of Bouna'qr:/

PROBLEM 7.91

]

Sa _ &
6“l-l'l‘ 6:1:.

y.062 _ (-12.062)

7.91 and 792 The state of plane stress shown 1s expected to occur in an aluminum
casting. Knowing that for the aluminum alloy used o, = 10 ksi and gy = 30 ksi and
using Mohr's criterion, determine whether rupture of the component will occur.

{2

SOLUTION
= -8 ksi, 60, By 7ksi
Cave = ';lz'(G,,+63 = <4 kgl
R = {(B&)Y ey = fute2* = 8062 ksi
Gue + R =2 -4+ 8.0¢2 = 4062 kv G (ks
Gue - R = —4-3.062 =~12062ks: -
’ YA (_ui;
i2.062
= |
55 = O.8038 < |
(No rup’f‘um:\ _4 4,062




PROBLEM 7.92 7.9_1 and 7.9% The state of plane stress shown is expected to occur in an aluminum
casting, Knowing that for the aluminum ailoy used oy = 10 ksi and o, = 30 ksi and
using Mohr’s criterion, determine whether rupture of the component will occtr,

1 15 ksi SOLUTION
. 9 ksi

By = 2 ksi Oy = =15 ksi Tuy = T ks

6;./¢ = %(6’;1‘*‘6;\:' - 6.5 ks

I R = 1/(-*——’5;6)‘+ Ty 7 88+ 9% = 12,377 ks/

G = Bie + R = 5,879 kes
Sp = Bue -~ R = -18.879 ks 6y (ks )
Equation of H4th quaclvant of Bouno‘mrj v
S - % = S
ot . T (ks
gliyq'_ (—l:f?‘l) - 217 > | . 13.874

l?up+0f¢ widl oCCuv,

i
581
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PROBLEM 7.93

7.93 The state of plane stress shown will occur at a critical point in a cast pipe made
ofan.aluminum alloy for which gy =75 MPa and oy, = 150 MPa. Using Mohr’s
criterion, determine the shearing stress 7, for which failure should be expected.

SOLUTION

By = -~ 86 MPa 63=O Ty =~

Cuve = 5(6,+6, )= - 40 MPa

R JEzEYVTZ = {uo+ .5 wra

6«,? 6nJQ + R 5 6}, = Gaue - P 5 Z; = i'# RL - fo*
Since [Can | < R 5 Stress Fa{u\'*' Gy | (1P
ﬂie% in L""h 7Ddu5i ant. Equau‘"fan
of 4th 7u44’r~u\‘f’ bouvulqnj is _ _Ga
S .6 ., RGN
Gut GCoe 180
~40+ R _ =40-R | !
s rse ol 75
B+ E - e 0 o 2007
75 15w 79 150

K= 63,32 M’Pn)

% c 4+ -4/63 23 -90 = x 49, ] MPa -




7.94 The state of plane stress shown will occur in an aluminum casting that is made
of an alloy for which &= 10ksi and gy = 25 ksi. Using Mohr's criterion, determine
the shearing stress %, for which failure should be expected.

PROBLEM 7.94

SOLUTION
-EE—- Gx s & ksy > 6:]' 0, ij = Za
a.ue. = 1_(6 +' )'_ L} ‘lS:
R={(SsS )+ % = J4‘+’1:f , =R 4
6_'1 = 6:,,,_"'? :(H""R) kg.' ‘61=€a¢—?:(‘+-7'2) k“‘
6, | (usi)
S;Hc,e ls;‘;e 1 ?) .S-"V‘CSS Po‘v\f b i
j:es ) q*"\ 1040‘!’*6\.«\1’. E::?uduhov\ l
of 4 +h 7:/4.alf‘an1' LounJan is _ 5'0.\
G‘a’ _ 6,& _ ' T (k":l
Gur _ Gw.. T 25
Y4R . H-B . l
\o iy
('Ja-eil‘:,)[?: |-%+z‘f5-_ LJD>
R = 5.429 ksi L= S99 -4 = + 3.C7 ks -
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7.95 The cast-aluminum rod shown is made of an alloy for which 0,7 = 8 ksi and o
= 16 ksi. Using Mohr’s criterion, determine the magnitude of the torque T for which
rupture should be expected.

PROBLEM 7.95

SOLUTION
P= G kips, A=%d™= F(L25) = 2272 in"
Gi=h = 4889 ks, 6yr0, 7,v 5

6 kips Cae = %(6:4“'6:-()’ 2.4946  ksi
R = J(BEEY vty = &6+ Ty ke,  Ty=*R*-5.97¢ ks

Gov 6.+ R = 244C+R kor |, 6, 29996 - R lar
Gb Lhsi)

Since |6;ul < R N stvess Pm’-\+
J;ES v L“‘""\ 7!)46[1*1!!'\1-. Ec’ua.i'\.om
oF 4+h ciua\clf‘qn'i' Eouhaquj s Ga
lesi)
-6-;- - _..GL. = ]
G‘UT G‘Uc.
29496 +R _ 2.4494¢-R _
-8 T2 =

(34 )R = 1- 2t 2ogwre

R= 4.5186 ke Ty < 445185 5976 = B.80' ks,

For 'f'orsu'oui C= za = 0.625 in

M-

J-E%c"= Z(o.e2s) = 0.23968 in*

T = S8y, (0.23%8)(3.30) _
c 0.625 )

1.457 k.P “in s

b




7.96 The cast-aluminum rod shown is made of an alloy for which o7 = 70 MPa and
Oy = 175 MPa. Knowing that the magnitude T of the applied torques is slowly
increased and using Mohr’s criterion, determine the shearing stress 7, which should be

PROBLEM 7.96

expected at rupture.
-~
SOLUTION
Tl
5‘,=OJ %:O 21‘.7:—’{"

G.wc’ %(Gﬂ'\'s}) - 0
R [ S R

S‘n.e S'A.u.+ R = R G, = Guve - R = - %4 6, | (MP)
Since [Buel < R, stress f»m‘d‘
fies in H+h aquasdvant, Equa.ﬂuv, Ba
ot bouncpamy o$ 4 +h 7uadr‘¢nf rs {MPY
G - Go -
S;l'r g:: B ! 175
ROk )
7o 175 _J .
(L+&HIR- L
R = S0 MPa ‘2:‘], = §0 MPa —

-
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7.97 Amadﬁneoompmmtismadeofayadeofmimnﬂrwhich =§ ksi
%c = 20 ksi. For each of the states of plane stress shown, and using Mg'.s :11:':1%:,1
dmetmmcthemrmalsﬂessq,mwhichmptmoftheoompmleMShOMdbeGXMed

PROBLEM 7.97

1
%0

SOLUTION

Ty

@ 6.7 6, , & = %6,

Stress Poimi‘ ,Pt'es v st ?ddchﬂaw't’.
{a) b} (e}

6= 6, = Gur = Bksi -
6, (vsi)
(B) 6‘0-: 6’93‘ Sb:- "#6; .
T
Stress Fo;’n‘}’ /p\‘es w L}_H‘ 7ua¢‘!‘qn’t /
Ee?ua'l‘fon oF 4 +h 7ud¢\¢nf Launapqwj is 6o
: ksi )
& . & ., ‘
G:rr Sue {b)
Sa — -‘-LG; = I - :
- = S, 6.C7 ks =
{cy
«) 6¢= % o G.b = _6-9 3 Lf‘l‘ll 7UGCJVM+
%8 _ =G . G, = 8.89 ks ==
3 20
7.98 Determine the normal stress in a basketball of 9.5-in. diameter :
PROBLEM 7.98 wal thickness that is inflated :om;mm ot!; ﬁi’ - w0125+
SOLUTION
r= od-1t = ($)a.8)- 0u25 + 4.625 1w
- = P¥Y _ (3)4.628) , :
= 6 2t Z)o.125 ) 166.5 ps. o -




1.99 Aspheriealgasmainermadcofsteclhasanls-ﬁdiamctu'andawali

PROBLEM 7.99 3
thickness of § in. Knowing that the internal pressure is 60 psi, determine the
SOLUTION maximum normal stress and the maximum shearing stress in the container.
d= 2Ft = 206 in v=3d- = 107.625in
625 ) .
6, = 6, = 'E_'E (GZ]\((LO':?GS ‘)5'} 8elO pet G g.2] Ksi m—k
'c-.g(,,f..rﬂm\ = %.6', T .31 ks i

4100 The maximum gage pressure is known to be 8 MPa in a spherical steel
PROBLEM 7.100

the ultimate stress in the steel used is gy = 400 MPa, determine the fadmofsaﬁety‘

pressure vessel having a 250-mm diameter and a 6-mm wall thickness, Knowing that'

with respect to tensile failure.
SOLUTION
F=3MPQ=8H0°P& L= 6o = 63107
vetdeot = 2@RY-6 = HTpm = O.IT w
. § - BF . (Bxi09)(o-112) o Pa = 7
6 = 6§ ° 33 e etS - 7%.33 x/0° Pa 7.33 MPa
. 8, Yoo - ——
F.S.* § 7 953 °~ <04
7,101 A spherical pressure vessel of %00-mm outside diameter is to be fabricated
PROBLEM 7.101 from a steel having an uitimate stréss ' oy, = 400 MPa. Knowing that a factor of safety
of 4 is desired and that the gage pressure can reach 3.5 MPa, determine the smallest
wall thickness that should be used.
SOLUTION
pr: 385 MPa, rrdd-f = FMee)-t = 450~
. 6y _ Hoo .
S‘, = 6‘3 - F. s. - |_1 = IOO MP“-
. Br . . pr . (3.5¥Hso-E) _ - ;
5, T t 26 3 (150Y - 7.875 0.0175 ¢
.o1S & = 7.89% L= 7.74 mm -
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PROBLEM 7.102

SOLUTION

7.102 A spherical gas container having a diameter of 5 m and a wall thickness of 24
mm is made of a steel for which £ = 200 GPa and v = 0.29. Knowing that the gage
pressure in the container is increased from zero to 1.8 MPa, determine (2) the
maximum nermal stress in the container, (#) the increase in the diameter of the

container.
p= 1.8 MPa pxtd-t = 40s)- 2907 = 2.47C m
- - pr (1.8)(2.47¢)
@ 6 = 6, 2t (D 24xi10-%) 92.85 MPa, -
&= g(6-2§) = 2¥6 - 202 (qr35.000) = 329.6 p

A00 Xlo?

Do = A E, = (5NB29.6%107°) = 1.648%/0%m = 1.648 mm —

PROBLEM 7.103

7.103 A spherical pressure vessel is 3 m in diameter and has a wall thickness of 12
mm. Knowing that for the steel used g, = 8¢ MPa, £ = 200 GPa and v = 0.29,

determine (a) the allowable gage pressure, (5) the corresponding increase in the
diameter of the vessel,

SOLUTION
v = 2d -1 £(3000)~ 12 = 14RR
sr = 6-’2_ = Gdl’ r EMPa
-6 = B | O2LG _ @ase) -
(a) € = 6, 21 P v er = 1.290 MPe |
- e - w s i-w . 1-0.29 &y =
g, = (6 ~26) £ 6 ¢ ==L (gx10) = 234 w

) Ad = deg -

(3000 )22 4>10°%) = 85.2x10 mm = 0.0852 mm ==

i

PROBLEM 7.104
8m —-‘

16m

7.104 When filled to capacity, the unpressurized storage tank showacontains water
to a height of 15.5wmabove its base. Knowing that the lower portion of the tank has
a wall thickness of 16 mm, determine the maximum normal stress and the maximum
shearing stress in the tank. (Density of water = 1000 kg/m® )

B SOLUTION

p= pgh = (1006Y(9.812(15.5) = 152.06 /0 Pa
v=: gd- ¢t = 2@V- 160t = 3.984 m

& = PY . (152.06%10%)(2.984) _

: 37.9 »10° Pa
t 16 xjo~3

37.9 MPa i
—,

46 - t18.92% MPa




PROBLEM 7.103

SOLUTION

7.105 Determine the largest internal pressure that can be applied to a cylindrical

tank of 5.5-f diameter and 3 - in. wall thickness if the uitimate normal stress of the
steel used is 65 ksi and a factor of safety of 5.0 is desired.

€5 _ - - ;

—a)— = '3 k.':a c’ S.S'F'r - 66 v

= +(ce)- 0.c25 = 32375 in
St . (3)o.625) _ S < -
L2 Seo22S - 0251 ks = ST s

PROBLEM 7.106

7.106 The storage tank shown contains liquified propane under a pressure of 210 psi

at a temperature of 100° F. Knowing that the tank has a diameter 0f 12.6 in. and a wall
thickness of 0.11 in, determine the maxisnm normal stress and the maximum shearing
stress in the tank.
SOLUTION
p = 210 psi, pr=2od-2£: 402¢)-001 = 6.19 in
_ v _ (10)(6.11) T . "
s, = B 5 5 = 182 w10* pay = 1182k

ﬁ'ﬁ(ﬂut—cf—ﬂauq) = -7{-6-] = S-q, kﬁi "

LEM 7.107 7.107 The bulk storage tank shown in Fig. 7.4?hasanouterdimnetcrof3.3mand
PROB a wall thickness of 18 mm. At a time when the internal pressure of the tank is 1.5 MPa,
determine the maximum normal stress and the maximum shearing stress in the tank.
SOLUTION
d= 33m, t=18x/07% m v:3d-1 = 1.632 m
- . pr o {).Swot)(ie32) _ ‘ . -
p= I.§ MPa 6 T e 13¢ %10°Pa = 136 MPa
- 4 - it
fmcm-.,#pﬂq..) 26, = 68 MPa

3

(-




7.108 A 36-in.-diameter penstock has a 0.5-in wall thickness and connects a reservoir
at 4 with a generating station at B. Knowing that the specific weight of water is 62.4
1b/ft%, determine the maximum normal stress and the maximum shearing stress in the
4 penstock under static conditions.

PROBLEM 7.108

SOLUTION
r=2d-t = $()-0.5§=1.5in

P=Yh = (62.4 /Fft>)s00 )~ a5 2xi0t /P

= dA\V6.67 ps’
t 0.5
= 1.58 lese il
/rh»-.'. (ou‘-o‘—riq_,‘} ot # SI s 3,7? .kﬁl. el

—

T

7.109 A 36-in.-diameter steel penstock connects a reservoir at 4 with a generating
PROBLEM 7.109 station at B. Knowing that the specific weight of water is 62.4 Ib/ft* and that the
allowable normal stress in the steel is 12.5 ksi, determine the smallest wall thickness
that can be used for the penstock:

SOLUTION
p=Yh=(c2d b/t (s00 #)= 31.2%10" N /Pt
- 2,!6-67 P%i‘

& = 12.5 ke = 12.§ YID?’FSa'

Y“—'%al-t': 18-12

- L . & 13-t 12.5 «10*
S, - 1;——, L. 2 b 28 - s7ew
l} = 55.692 t = 0.307 in —

[




PROBLEM 7.110

SOLUTION

LA _;‘d't = 16500)" G =

7.110 The cylindrical portion of the compressed air tank shown is fabricated of 6-mm-
thick plate welded along a helix forming an angle B = 30° with the horizontal. Knowing
that the allowable stress normal to the weld is 75 MPa, determine the largest gage
pressure that can be used in the tank.

249 vam

Br s,

[ ]
i
=5

15m

w

PROBLEM 7.111

500 mm

7.111 The cylindrical portion of the compressed air tank shown is fabricated of 6-mm-
thick plate welded along a helix forming an angle § = 30° with the horizontal.
Determine the gage pressurethatwill cause a shearing stress parallel to the weld of 30
MPa,

SOLUTION
e 2 - L = JZ'(SOO)—G FL L T
v
6.l= %) SI--_;-‘atr
T3 _ 6-6. . 1 pr
R = 2 =~ 4t
'l'\.,'-'-QanGO"
= 6
- 13 pr
g ¢
p= £ .t
t rw B R
- L8 e |
t P* 75 24y = 341 MPg —-




PROBLEM 7.112 7.112 The pressure tank shown has a 5 -in, wall thickness and butt-welded scams
forming an angle p = 20° with a transverse plane. For a gage pressure of 85 psi,

—

f

e

determine (@) the normal stress dicular to the weld, (5) the shearing stress tel
15&/,‘ tothewl:;l:i perpendicular to the weld, (b) the s ng paralie
51t
SOLUTION
d= SFt = 60 in, r=td -t =+ 30-F = 29615 in.
_ pr . (85)(29.625) _ )
5', - t 0.215 - ‘;7’5 Fs-
6,= %6 = 33575 ps/
1¥)
Gue = 5 (S, + 6 = 5036.2¢ par
R = =% o jg12.95 pas
@) Bu = Guve = Reos 49° = 3250 pei =
b)Y 7. = Rsmdo® = 107A.ps: o
PROBLEM 7.113 7.113 The pressure tank shown has a % -in. wall thickness and butt-welded scams

forming an angle § with a transverse plane. Determine the range of values of p that can
be used if the shearing stress parallel to the weld is not to exceed 1350 psi when the
gage pressure is 85 psi.

SOLUTION

d= 5 = 60in = dd-t - 30-§ = 22.€25 in

s = PV, ®s)(9.€25) _
. R

f .= 36,7 3357.5 psi
Tou
0 ' 2 o) &€
7 R - S36 - ierers
P AN,
F__-% — b S —” & - fw = R Sin % = ’r..,lf
< ‘%P sin 28, = % = %o;s_. = 0.80417
2P = ~53.83° Ba*= 36.8" -
. [ -R6.8€ B <268 -
2B, = +52.53° B, R¢.8 Re.B< =26
Q\.ﬁia = _53.530 ‘.' ’8o° = IQG.L}7‘° ﬁc = 65.20 63. 20-{ ﬁ .-“ I'{{‘gﬁr s
2£4 = 53.53° 4 [§0° = 233.5%° Ba= 116.8°




PROBLEM 7.114

7114 The pressure tank shown hasa -§’- -in. wall thickness and butt-welded seams
forming an angle B = 25° with a transverse plane, Determine the largest allowabl
2age pressure, knowing that the gllowable normal stress perpendicular 1o the wel:;
is 18 ksi and the allowable shearing stress parallel to the weld is 10 ksi.

SOLUTION
a=SH=¢com r=4d-t- 30——;- = 9.635 in,
s = &
= Y
&, 2t

o . 2 < I
| \Z/ 6
N
" P
3

6w - Gug - RCO$ So
| = %.. %COSSOO)L
- n
0 5893-5_—
-.6ut . _{18)(0.875) o _
P™ oeeis ™ ° (osaanyaacasy © O-3%7 ke = 887 ps
Tw ° RsinS0° = 019151 .%V‘
. Zul - _(19)(0.375)

P oaisi v

M}wa'ofc aa.je pressuve s the swmuw VeuP.Jt

- = ks = <&l ;
(o-19151)(24.¢25 ) .66l ks P!

p:387 por =




PROBLEM 7.115

7.115 The pipe shown was fabricated by welding strips of plate along a helix
forming an angle B with a transverse plane. Determine the largest value of P that can
be used if the normal stress perpendicular to the weld is net to be larger than 85
percent of the maximum stress in the pipe.

SOLUTION
= Bf = B¢
6! t 61. ‘gz
Gaver%(s‘-*‘gz):%%t
W R = S-6 . it

2 4 t
b \ 6w ° Cave — R cas 28
/ .

.E__Jan‘.l , Ccos 28z =4 (0.85-¢) 7 - O.4

0.85 8 ——sl 2B 1136 B 5687 -

PROBLEM 7.116

7.116 The pipe shown has a diameter of 600 mm and was fabricated by welding strips
of 10-mm-thick plate along a helix forming an angle p = 25° with a transverse plane.

Knowing that the ultimate normal stress icular to the weld is 450 MPa and that
a factor of safety of 6.0 is desired, determine the largest allowable gage pressure that can
be used.
SOLUTION
L= 0 mm pe 2d-t = 200-10 7 290 wmm
. B¥ - Br

Gwr 6‘.,,_ + Reos 50° = 0.9107 -%':

Ow ot © % = ——L}go = 75 MPa
0.91071 & = 75
{75 )(16)

P oo (zaey 2.84 MPa -




7.117 Square plates, each of 0.5-in. thickness, can be bent and welded together in
cither of the two ways shown to form the cylindrical portion of a compressed-air
tank. Knowing that the allowable normal stress perpendicular to the weld is 12 ksi,
determine the largest allowable gage pressure in each case.

PROBLEM 7.117

12k

SOLUTION
d= 12 f =144 n  vredd-t 5 7.8
45°
" "
20 ft g‘r E{ 6-7_-': %
(o) G, = 12 ksi
p= &L - U2OS) . 5 5339 ks
{a}
= . g' —
b - £2.9 pPs
(o).
Gun® 4(6,+6,) = % BE
2 [}
* 15) 6}—6;_ I v
\_/ R : 1 | ‘f %‘
pr —;l = = 45°
2t - R
%%‘ ‘ 6‘“, = ant + R¢°5ﬁ
-~ R = _—:1 Et!‘
- 4. Gul _ H.02X0.5). 0.\ ks = 1.9 ps; -
2 v - 3 7%

TN

I

| | ———
} [ E—
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3

_E‘: = 44
)
R
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7.118 A torque of magnitude I'= 12 kN - m is applied to the end of a tank
PROBLEM 7.118 containing compressed air under a pressure of 8 MPa. Knowing that the tank bas
a 180-mm inside diameter and a 12-mm wall thickness, determine the maximum
normal stress and the maximum shearing stress in the tank.

SOLUTION
A=180 mm V= Hd= 90 mm = 12 nmn
Torsion: €= 90 mm C,= 90+ 12 = JOZmm

T=F(ct-c!) > 66.968+/"mm' = GC.768%10" m”
Te _ (1axo*)(toaxic™®) _

Z= J- - vaqesﬂlo-ﬁ ’8-177 MP“
r
Pressove & G,"' ‘%!‘ = (—8—32(?—0)' = 60 MPea 62 = % = 320 MPx
Suw\ma-"] sf .S+V‘€‘SSCS G-,g = 66 MPa 3 6&’ 30 MPa , '[:3313-277 MP‘.
A 30 MPa
—t> 18,277 MPx T b (Pl

-—jv {—-} coMPa
B = K (6x+65) = 4S MPe

R = /(S5S)+ 24 = 28.64mP

= G+ R 68.64MPa

= G -R = 21.36 MPa

Ca

ST

6;,_ 2 O
S

68.69 MPa -~

Y

GM;.,\ * O

Toor © & (Crae - 6:0) = 34.32 MPa -~

i

)




PROBLEM 7.119

R= ‘/(—SJ‘-—Z—“G"")Z‘F?:;- =

Torsion: € = 90 mm

€= 3d= (H080) = 0 wmm

Y

Iy

, 7.119 The tank shown has a 180-mm inside diameter and a 12-mm wall
thickness. Knowing that the tank contains compressed air under a pressure of 8

MPa, determine the magnitude 7 of the applied torque for which the maximum
normat stress in the tank is 75 MPa.

SOLUTION

t’lﬁmm

L - - P _

BY - (839 = ¢o MPa 6, = £ - 30 MPa
:}; (6"-063)-‘ 48 MPa |

= 15 MPa R= 6,-6Lc= 85 MPe

VIS* e

JR*-1s* - fa0r-is = 2593 MPa

25.98 » 10° Pa

C,= 70412 = [0 mm

J= (- ¢') = 66.9¢8x10 mm’ = €£.968 % 10°° m"

. L&
T\g' J‘

T = J-Cﬁi -

(26.968 % 10" ° X25. 48 »(0°) _

7.06 % ]0° Nem
jo2x o4 1 /

-

£ |7.06 kV-m
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PROBLEM 7.1

7.120 A pressure vesset of 250-mm inside diameter and 6-mm wall thickness is
20 fabricated from a 1.2-m section of spirally welded pipe 4B and is with two rigid
end plates. The gage pressure inside the vessel is 2 MPa and 45-kN centric axial
forces P and P’ are applicd to the end plates.. Determine (a) the normal stress
perpendicular to the weid, (b} the shearing stress parallel to the weld.

SOLUTION
V‘:%a\: 125 wwm 1 = Grmm
6= BL - 202 - 4 67 MP.
6‘3:%'%%1%2—3,—1:20.33?\9&
Yor F+T = 135+4¢6 = I3] nm A= P 4,825 %10 mem = 4, 825716 -
& =-J:—\e —;‘_‘—;—:;‘:——;5:3 : ~ 9.826510 Pa = - 7.22¢ MPa

Total stresses:

T 3 (HP&.)

Longidoelinat G, 20.8%3- 7.326 -
Circum":ev‘ewh‘a}? 6} = 4167 MPa

1.564 MPa

Buve = 5(6+6,) = 26,585 MPa

R = b+ 5081

2

Sav(. + R Cos 7’°

26.585 — 15.08] cos70°
2.4 MPa ——

U]

b) ey = R sin70° = 15081 3in70°
= 14.17 MPa —,




7.120 A pressure vessel of 250-mm inside diameter and 6-mm wall thickness is

PROBLEM 7.121 fabricated from a 1.2-m section of spirally welded pipc AB and is with two rigid
end plates. The gage pressure inside the vessel is 2 MPa and 45-kN centric axial
forces P and P’ are applied to the end plates.. Determine (a) the normal stress

]\ L perpendicular to the weld, (5) the shearing stress parallel to the weld.
m

7.121 Soive Prob. 7.120, assuming that the magnitude P of the two forces is
increased to 120 kN.

SOLUTION

Y"'LA—' 125 mm =8 vane

r
5, = J;-' . mé"s = U&7 MPa &, = £ - 20.833 MPa
,=r+1 = 125+6 = 13) mm As TS -r)s 482550 mm = 4.825 10 "
. P, _1200m0" 0°Pa = - 24.870 MPq
S S I 24.870 x10° Pa
- « + - —_ = - 4.037
To‘l'cu? 5"'!’65585' LOHJ!+U¢JIHJ Gx = 20, 83%3 Z4.870 MPa

Cir;wm*pe.revs"‘u‘a) 6:1 = 41 €67 MPq

Buve = £ (64 &)= [8.815 MPa
| = 22,2852 MPa

@ 6 ° Gue - K cos 70°

Y4.03%7

18.8/5~ 22.852 cos 7o0°

"

"

[1.oo MPa -

(b) 2::,4 hi Q sin70” = 22.852 sin 70°
= 21.5 MPa P
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7122 The cylindrical tank 4B has an 8-i ide X
PROBLEM 7.122 s Ko et the e loie e eler “,2‘.',“ 03210 wall
maximum normai stress and the maximum shearing stress at point X,
SOLUTION
R R Vo re+t o5 4826,
r - V. DO, (4 "
-- | 6, = Ei;_ i @T)_%i(—) T 1500 psi = T80 ks
> g, = %36 - J3.E kst
Torsion 7 No applica‘ +of?uf-
L\ ' 9 kips
IOin.\i Bevmin'wﬂr POI."\'*‘ K ﬂa'ﬁs on neu'}'v*a} axis.
Twamcsevse §heav: vV = 9 k{rs For semicircle
| _ A= %r"‘
ur‘
zze] Q.= gr’
Q- Q-Q = Erl-2e’ Z(4.32%- 4*) = .08l in®
t = (2)(0.32) = ©.6Y iu
T= F@ - F&32"-4%) = 12,4810
. vQ AaX(1].081) .
L = It 2881 (6.60) 2,15 ks:
Summav‘\! o 5+¢Eﬁie$: Lom3|.+UA;NG/P 6; = 6-' B 3,75 ks
' 7.52 k;i ) Ci/‘c.om'pewewffa)a 6:7 = G-,_ = .50 lUsi
— A5 ks Sl'teduf ’Z::J = 215 lkes;
.«_} K 3,75 ks:
"‘_ Cuve * % (6 +6,)=3.635 us:
73 (UsiD —
R J(J» oy o+ Tyt
= ;2\: ‘8"553‘_' ksé
6,7 Cavet K = 8,48 lesi
Sh: G;JG‘R = 2,77 l{s:'
6}_ = O
Bone = -B.H8 ksy —a
Gm;'n = O
T..,.T é(sm_ G'h.‘.'m) T L.}. 24 kﬁ; sl




7.122 The cylindrical tank 4B has an 8-in. inside diameter and a 0.32-in. wajl
PROBLEM 7.123 thickness. Knowing that the pressure inside the tank is 600 psi, determine the
maximum nonnai stress and the maximum shearing stress at point £.

7.123 Soive Prob. 7.122, assuming that the 9-kip force applied at point D is

directed vertically downwerd .
SOLUTION
iz B din Voeri+l ® 4.32in
&, < P;‘ = €29XA) = 7500 pui = 7.50 ksi
6, =6, = 375 ks
wm-\l e Torsion: J = E(R-r") = 194.96 in® C=ry = 432 in
T = (o) = 90 kip-in
z= L& (X% 32) - 268 ki
Bending: L = 2J 7 7248 " c= V= 432 in
M = (3)US) = 135 kip-in 6= Y& -2 Xh22) = 805 kst
Teensverse sheaw At peint K, VQ/It =0
Sommary of stresses : Lonqi todinal 6.,=6,7 3,15+ 8.05 = 11.80 ks
TR o CincomPeventind G = 6 = 250 ks

o - L]
"_} 1L—* 11.80 ks Sheav Zy = 2.68 ks,

-

Gave = % (11.8047.50) = 9.65 ksi
R = JULB-E y (268) = mu4 ks

6.

G+ R = 13.09 ks/

G, = Cave - R = G.21 ksi

g‘l = o

Grue = 13.09 ksi —
S‘u:l\ = 'o

'fhm = %(Gwm - G’-.:..\ = G.5Y lesi s
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7.124 A brass ring of 160-mm outside diameter fits exactly inside a steel ring of
160-mm inside diameter when the temperature of both rings i3 5° C. Knowing that
the temperature of the rings is then raised to 55° C, determine (@) the tensile stress

PROBLEM 7.124

in the steel ring, (#) the corresponding pressure exerted by the brass ring on the
30 mm .
steel ring.
STEEL SOLUTION
{, = 4mm
A E, = 210 GPa
a, =12 X 107%°C
BRASS Let be the contact pressure between

the wings. Subscript s vefers to the steed

By e Ving . Sobscript b refers to the brass g,

ap = 20 X 107%°C

Internat pressurt p, s = Eff §)]

. Ss v
Corre.spovw(fnﬁ strain EsF _E: = E-E:

Steed ring

Strain due te +emperu+uw¢ change Esr T O AT

Total strarn &g = 2r_ + O AT
E.ts

Clr\anje. iv Jenﬂ"}}n o‘F 51'WouM'Fef¢MrC;€ _
AL, - 2mrg = 2ur(Ef *+%s AT )

LN
BV‘(-&‘S V‘fnﬂ'. E;l‘l’efnal FV“CSSUM PJ G_b = - -Et:

s B

Clncmje in apemﬁ“-l of c{r\cum-Pewenc-e
AL, = 27vE, = 200 (_'&pf.. + ol..m‘)

Ea’un’l";nt\ Alg e Al fl‘ts.{. ol AT = - %& + of, AT

Co»reﬁponaln'nj strains £ = Xy AT

(£5. * Bg) p = (db-0k) AT (2)
Data A_l_ = &5°C -85° = S0°C

r‘"‘g_d: 50 mm

0x 10" gox (0" } ) - )
= = (8%107° )(50
From e (2) {(ZIOV\O")(‘!*IO")+ (105 x16° X t#xio*) ) ¥ (8~ )
285,71 %16" p = Hoox10, p= l4xto® Pa
. BN L (Lyxiot)(Bontet) ¢
Frew eq.(0 &= EE: - { “WIO(_, = 28x10° Pa
(@) G, = 28.0 MPa —
(kY p = l4oo MPa, e




PROBLEM 7.125

30 mm

STEEL

A~ ¢, = 4mm

E, = 210

160 m.
BRASS

Eb- 105

GPa

o, =12 x 10%°C

4 =4mm

GPa

ap = 20 X 10°%°C

Steed ring:

Interviat pressure p,

Corres Pol/\o( ""f] strain

Strain due te +empem-’rw~e c.lncwoje

Totat

strarn

Eg =

T.124 A brass ring of 160~-mm outside diameter fits exactly inside a steel ring of
160-mm inside diameter when the temperature of both rings is 5° C. Knowing that
the temperature of the rings is then raised to 55° C, determine (a) the tensile stress
in the steel ring, () the corresponding pressure exerted by the brass ring on the
steet ring.

7.125 Solve Prob. 7.124, assuming that the thickness of the brass ring is ¢, = 6
mm.

SOLUTION

Let be the contact pressure between

the wings. Svhaeript s vefers to the steed
Ving . Sakscn',w’)‘ b refers to the brass g,
o g o
5
-85 . pY
EBP- E,s B E:lti
Esp T Ols AT

d o
Et, ¥ AT

Clr\anjc. i Je.nj‘Ha Q'F C{V‘GUM‘FQV‘CMCG

Alg

B ress ij‘. E:("‘ermv( pressure p,

Corv‘e'b[?anel;'nﬂ strains

= XMW E,

. gﬁw(%s + ol AT
- - BY
6, = Z.
"
E],,P = - E'%‘._tb > ELT = d,, AT

Clnamjc in jew3+k of circumFereace

AL, = 27ve, = 2np (- B + ohaT)
Equating Alg o Al P -~ _ _ pr —
1 9 s E—tsJ' ol AT - ﬁb + ofy 47
(2%, * B3,) P = (Gu-ok) AT ()
Data: AT = &8°C - 5°C = So°¢ tb= G mm = &x 102 m
v=%d = 80 mm
F (2) (80!!0’3) (%0 v{o°%) | - = (8"‘/0-‘)(50)
rom e,- (lei‘foq')(qkto'l}*. (lOSK'D")(G'FtO-") : P £
22222 %10™" p = 400 x10™] p= 1.8x10° Pa
From o0 &= EL. (l.aneo;zl(g?nlo") = 8cx/o* Pa
| 6, = 36.0 MPa )
p - 1.300 MPa i

p
h

{ |
e

1
J

—
i
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PROBLEM 7.126

7.126 through 7.129 For the given state of plane strain, use the methods of Sec.
to determine the state of strain associated with axes x” and 3’ mmdh»@ﬁg

given angle &
Ex= ~T20M, €yz O, Viy=+300mu, 6=-30°
SOLUTION :
-E-L;——E-i = -360 u ﬁn?—tiy- = - 360
£ = %’- 4 §'—£—§i cos 26 + %5;429
={-360 - 360 cos(-6o") + 322 sin (-co”)F M = -GTou —
2}- E";E" - E";E‘ cos 20 -~ r%’ sim A8
= {'350 - (-3¢0)cos (-607) - 5—;’—‘-’_*:"«\(-@0")}/4 = —50 M —
Yoy = ~(Ex-E)sin 20 + Vi cos 20
={— (-720 -0 ) sin (~60°) + 300 cos (-éo‘)% = ~H79u —

PROBLEM 7.127

7.126 throwgh 7.129 For the given siate of plane strain, usc the methods of Sec. 7.10
to determine the state of strain associated with axes x* and ¥’ rotated through the

given angle &
SOLUTION Ex= © g ¥Rou Wy s-loou 6= 30°
8—';753 = 6o u éi:__%_ = 160 M
Evt T _E..L'i__g}- + _g_";lﬁl cos 20 + —Y;'J s 16
= { 160 =~ 160 cos 60° — —'—%—Q Sin GO"}# = 4+ 36.7u ik
£y = 5*-9‘: € . E*i €Y cos 26 - Tﬁﬁfsm 28
T ‘j_ jeo + 160 cos 60° + —‘%—9 Sin GD"_},‘( = +283 u ——
-Y‘x‘y b - (Eu - Ej)\sih 29 + ’Y‘wj CGS 28
{—(O—SQO)SM Co° = |00 cos 60“_},14_ a2+ 227 w =i




PROBLEM 7.128

7.126 throwgh 7.129 For the given state of plane strain, use the methods of Sec, 7.10
to determine the state of strain associated with axes. x and y‘ rotated through the

given angle 8
Ex = - 800 s, €y +450 u, Yy T 4200, O
SOLUTION
Ep T E"; & s'i Y cos 26 4 Y sin26
s 3 -175 - 625 cos (-500) + B2 ()M = -G53 p
53' E'; 2 6"2_ €Y cos 206 - Y—_:‘El sim 20
s $o15 4 €28 cos (500 - 252 sin (-50"3]54‘! = + 303 u
Yy = = (&i- £, )5 20 + Y,  cos 26
= -{— (~%00 - 450Y)sin (-50°) + 200 cp;(-S‘o“).S/.{ = - 829 u

PROBLEM 7.129

=-25°

——

7.126thmgh 7.129 For the given state of plane strain, use the methods of Sec. 7.10 -
to determine the state of strain associated with axes. x* and y* rotated through the

given angle &
Ex T=S00u, E4=+250u  Yo= O, 6= I5°

SOLUTION
&;251 = - 125u &%f: = - 375 u
£y ¢ —&—-’%Ei %&cos 20 + —Yzﬁ sin 26
= §-125 - 375 cos80° + Ol 4 = -4So u -
EJ, - S){E' e\l gx}": EJ cos 29 — ‘%, 5‘“29
= {-I’&S’ + 375 eos 30 - O g,u = +.200 y4 J—
Y,“-).. T - (E,,- ‘EJ) s5m 6 + Yl") Cos Za
= §-(-500 - 250) 5in 30" + OYu = 43154 -
IS V5% V‘Mﬁ'. EXATEVNAA pPreidurs (v, “p 7 tb
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7.130 through 7.133 For the given state of plane strain, usc Mohr’s circle to defermine
PROBLEM 7.130 the state of strain associated with axes x and y’ rotated through the angle &

Ex=~T20u, &+ O, Yy= +300u, 6:=-30°

SOLUTION
’—“‘Dr ('“) PﬁoJr')'e.al Polu‘n‘ls
X:i(-720u, - 150 4 )
Y (0O, Isou)
C:(-3¢ou, 0)
! - 5o - °
£ () tan ol. T %ﬁ' ol = 2262
R = J(Bco N+ sop ™ = 390 4
B= 26~ o > 60°~22.62° = 37.38°
Egt = Eaye - Rees = - 36ou ~ 310 con 37.38°
T -670 u ~
£y = B+ Reos B = =360 o0 + 30ucos 37.38°
- - 50 u —
?fg -R sinfs = -3%04 sin37.38°
Ty = = 474 u ~

the state of strain associated with axes x“ and y“ rotated through the angle 2

E,= O Ej = +320 u Y;j -—loou &= 3J30°
SOLUTION

—%—‘Y“’(,u) Phtted pm‘n‘is

X7 (O, Sou)

Y! (320p,-50 u)
C: (leou, ©)

tan ol = 2° ol= 17.35°
. 6o
SEA o = {(1eo ) +(Sou) = 167.63 4
B =220 -0 = 60°-17.35" = 42.65°
X’ - Ext T Eae - Rcosp = 1604~ 167.€3 4 cos 42.¢5°
= - 2.7 u -
be— 160 —dde | GO

£y T Cant ReasB= leop+ 167.63 p cos H2.65°
= 283 m e

LYo Rsinp - 162.63 4 sind2.cs®
Y;.J. = 227 u ~




7.130 through 7.133 For the given state of plane strain, use Mohr’s circle to determine
the state of strain associated with axes x and y* rotated through the angle &

817 -800# EJ':L‘SO/"

PROBLEM 7.132

Y',g. ~tR0omu O=--285°
SOLUTION

A

1Y(’u) P)o'H'eoi Fut'v\:fg

m— A (—300/4)-}00}4\3
i (s HSO @ 4 100 u
C:(-175 /(; o)

y tan ol Rz

ol 9.09°

R=_J(625u) +{100 ) = 632.95 u

e £ (M)

B=28 -0 = 50°-1.077 = 40.7/°

T - 653 u -

irsaert =]

€y = Ewe + Reosff = -175
- + 303 4 -

fe——— E15 —>' 1§ =

%& ~Rsinf= ~632.95u sin 40.11° Yoy == 8u =

Exe = Ene - Reosf e =175 ~ 63245 cos 40.91°

7.130 through 7.133 For the given statc of planc strain, use Moht’s circle to determine
the state of strain associated with axes x’ and y* rotated through the angle £

EJ: + 250 4,

PROBLEM 7.133

Ex :_500/4) "@:'D; O =i5°

SOLUTION

37 (4

PJD.HQGI Pol‘v\‘}s
P (—soo/,(,o\
Y y: (+2sou, 0)
c: (-1asu, o)
X c d 14 “

g(pm)

3 R =

efre—

Kyl

Eg" 2 E‘M - Qco_s 29! - 125 -3?5 [4-3.3 80°

2 Eave * R os 20 = - 254 375 cus 30°
200 u —

fl

7Yy = Rsm80 =
‘Y‘y'y' ® 375‘/4 wiy

375 sin 30°

—

1

3
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PROBLEM 7.134

7.134 through 7.137 The following state of strain has been measured on the surface
of a thin plate. Xnowing that the surface of the plate is mnstmised. determine (a) the
direction and magnitude of the principal strains, (b) the maximum in-plane shearing

strain, (¢) the maximum shearing strain. {Use v= 3 )

Ex T + 16O u E,J:—'-PBO;J Yy T - 600 M
SOLUTION
() For Mohe's cirvnete c?s“}mfn) Pﬁd‘ Foa‘n‘h
Xz (160 u, 300 47
Y: (-480 4 -300 4 )
17 (W) (804, =300 e
C: (-leom, ©)
T Y, oo
X = *y - = = 0.
26, y 28p = —43.18° Bp= -R.58°
8 C< A £ (u) . amd —201.58+ 90 - €842
B, = -21.58° —
X
Y L58" QLE L8.42° J—
/’1 a
o léo
320|160 e R = (310 4) +(300 4)* T Y3R.G
€. = Epe + R = = J(04 +438.6. 4 = +278.6 u ~=-
E, = € ~R = —lOpu-138.6 4 = -598.6 y' —=
() B Vopar, imppoay = R Yw,i,_ﬁ,m, 2R = 877 u -
Ve
¢y E.° “'r-"'(& + & )7~ (E,+EJ)- '3 (leoﬂ-%o,q)
e iGO Al
Epag = R1B.6 Eoin = —593.6 u
Yiew = Enen = Ewiw = 7864 + 59864 7 877 p -




7.134 through 7.137 The following state of strain has been measured on the surface
of a thin plate, Knowing that the surface of the plate is unstressed, determine (a) the
direction and magnitude of the principal strains, (b} the maximum in-plane shearing

PROBLEM 7,135

strain, (c) the maximum shearing strain. (Use\aﬁ';')
€ = - 260U EJ:--QO/.( 'Y;x=+480/bl

SOLUTION
For Mohe's civnele of stram plof points
2T (1) i F
v | (# X: {(-260mu, - 240 2¢)
Y* (-Go,u) 2'-!0/4)
c: (-leom, 0
8 Y, 480
€ (o) ) £ (m) ‘an 29’,: A — = = 2.4
E,,-EJ ~-260 4 Lo
26, = - 67.33° 6, = — 33.67" =
J 90_:' 56.531°
X __/ * R J(loom’w(zqo,‘\‘
| R = 2604
X
cho [« ,Co ™ 33.G?o
kb
@) £, = Euwe+ R = -l6ousr 2004 = JoOu ' Y
€ * Ewe ~R = -lou - 2604 = —H20 u -
(b\ -‘E.Y;“Mr(in-r?guc) = R 'Y:"W cin-rl‘u,;\ B 2Q = 52'0 ﬂ e
4 \f:
€e ° "7 (e.+ &) = - l:)y (& + EJ) = - ';7?'('260"“’)
= 160 uy
Enw = "o ﬂ Em\"h‘- - qzo M
€ Ve = En-Euin = 6o + H 0 = 580 u -t




PROBLEM 7.136

7.134 throngh 7.137 The following state of strain has been measured on the surface
of a thin plate. Knowing that the surface of the plate is unstressed, determine (a) the
direction and magnitude of the principal strains, (5) the maximum in-planc shearing

strain, (c) the maximum shearing strain. (Use v= %)

| ? Ev = =4O u EJJ = 760 ij s +960u
- SOLUTION
™ -i'f' {#} '"""‘--‘..\_\ Pjo Hed: Pot‘-ﬂ‘*‘s
| A //,/—_—‘ M.,\r\\/ Y- (- ‘-Jo,u) - 480/4)
o ) y: (7éou, + 480 1)
[- C: (360 #,0)
\ g < A g Tan 26pc "2 .12
Y a
IE 28 26p = ~50.19°
! ! ‘ Gb = ~35. ’Oﬂ ]
U B, 7 64, 90° x
| z
1 M X \""‘--.‘_‘_‘___l__/ Rt{(‘foo/ﬂz CEEME b
] Ho ~| = _
- Hoo —»e— Yoo —> 624.8 u
|
] @) €,% Euw+R = Btou+ 62438 4 - 985 u —
e Epb = Eue - R = 3Bou-C2h8u = - RSy et
|~
(B)  Yilpty = AR = 1250 —
2 - L
— E¢ = '_r:-;}_(Ea."" Eb) - _"'?J (E¥+E~T\ 2/3( ‘-ID/J +7é0ﬂ)
- Em..“. = qs*s./‘( Em.’h = - 2‘5/4
] @) Voun = Euew = Emia = FBS * 360 = |3MS 4 -




PROBLEM 7.137

7.134 through 7.137 The following state of strain has been measured on the surface
of a thin plate. Knowing that the surface of the plate is unstressed, determine (a) the
direction and magnitude of the principal strains, (b) the maximum in-plane shearing

strain, (c) the maximum shearing strain. (Use v= -3!; )

gg-—"\gooﬂ EJ:"'Z.OO/J Y’Q:{-'?S/‘{

SOLUTION
Ploted Po{w‘\’s,
v 37 G0 X: (-~300u, ~825u)
‘ Y: (- 2004 ,487.54 )
c: (~asomu, 0)
J a
2 c A £ ‘}‘cm 29', = - 8;55
79, 29‘0 - -2 )
6, =-30.13° = 2o.1p°
) _ 6, = 57.87° —= b
joo 4 200 ——— 3 R = J(SO/A); -}(37.5;4)1
= |00.8
&) £.° EapetR = -A50+4 100.8 st~ —149.2 K e
Ev™ Ew-R = -2%u -l00. 84 = -351 4 —
(b) -Y:m‘“(i.-r_".') = 2R = 20'-6 A |
e m - 2o (Eat 8) ¢ -1 (arg) = - (-300 - 2004)
-+ 25_0 i )
EMO-:. = 250/‘ Ewn'v. = - 35"/4
(C\ FY\M.* ks gm - Eu..'v\ = 2\‘)—0/“ + 35, A = GO‘ /( ~eeatl

1

1




PROBLEM 7.140 7.138 through 7.141 The for given state of plane strain, use Mohr’s circle to {
determine (a) the orientation and magnitude of the principal strains, (5) the maximum R
in-plane strain, (¢} the maximum shearing strain. P L |
Ex = +400 u & =+ 200 u 7’;]-‘+375,q (J

SOLUTION I[—

Plotted points L

47 (a) ALY

« X (+Hoou , - [87.54) .

Y: (+2004, + 187, S0 ) )‘

_ C: (+300u, 0) .

™, . 315 i

E(ﬂ) -fu“ 29P h Elf —Jé’ " Hoo- 200 i 1.875 -

¢ A 26p = 61.93" 0,7 30.96° 6, 120.9¢" -
200 i S e |

R= JU00uY+ 197.54) = 212.5u .
Lo (O..J EA.= Eave * R= 300/“"'1'2-5'/4 = 5-12.5-/4 — |
y Eu= Eae- R = 3004-212.5u r 37.54 = T
b .
a (b) Y:"nt(in-p’-uw) = 2R’ * 425# — [

206 <Y & =0 Cose™ 51254 Emin= O :

¥ _

Tﬁq" Eu«\ﬁ" Ema‘n = 512- 5-}{ -l I

. ;N

7.138 through 7.141 The for gi tate of plane sirain, use Mohr’s circle to L

PROBLEM 7.141 determine (a) the orientation and magnitude of the prineipal steains, (5) the ey —

in-plane strain, {c) the maximum shearing strain.
Ex = t6Ou £y T + 240 u Y = =50 u |J
SOLUTION ..
PloHed Poin"’ﬁ X:(6ou, 25 p)
: (240 u <252 : ’
1y () Y: (2 MRS u C: (Isomu,0) ]
- Y\J . =50
tan 29,,-6“_% *Zozis ° 0-277778 i
26, 15.82° Q7 L76° .= 97.7¢° -

% Qer t b = “ \ o

=t W ) Re{Goui5aY = 34 u |

B8

Y @) & Em+R T 1SOu498H 4 = 2434 4 =0 -
Eb = EBuve-R:= 506 u~-939 4~ 56,64 - L]
(k) T-.-..ca..,.l.,.j = 2R~ 1%6.8 u —, ”
oy Y

©) £ =0 s 24BH4 U Emn = O
1.16‘ ‘Y\m.‘ = £u.~’ - alw'u = 243-‘, el




7.138 through 7.141 The for given state of plane strain, use Mohr's circh
PROBLEM 7.138 Eietermine {a) the orientation and magnitude of the;nnclpal strains, (b)otbzsmxin:mtf
 in-plane strain, (c) the maximum shearing strain.

€ = -q0Mu g T-I130u Vi T 150 u
SOLUTION

;"EY‘ (ﬂ) P)c‘* Pau‘ﬂ"l’.s
A (—qo,u,—?S,u\ Y: (- l?.o,ua-%'h‘,u\

Y
c:(-opm, )
@ tan 26, :’?E = "f: r 3.18
8 AL g
“\ ey 28, 15.07° O, 31.53° -
' Op = 127.53° s
- - R=/@OuV 41154\ = T1.6 4

Y
£a® Eae* R = —lOp+T26 4 = -39 =
b
o E, = Eae-R = —llou-T726 4= - 187.6 4 ==
47.5%° (b) Yw(;.\.,:...) = AR = 155.2 pm )
¥ (c) &= 0 Even™ O, Ewmmt -~ 18704 :

YM“ = 'EM“ - EM\‘Q = O + 187'6}4 = lg?'éﬂ —

OBLEM 7.139 7.138 through 7.141 The for given state of planc strain, usc Mohe’s circle to
PR : determine {a) the orientation and magnitude of the principal strains, (b) the maximum
in-plane strain, (¢) the maximum shearing strain.

By = +375 4§ H78u VT 12SM
SOLUTION

0o X: (375 p,-625m). Y- (75p, 62.52)
C:(225m, 0)
¥ Yy 128 o
A tan 29', = Ex“’% = 375 - 75 = 22.62
+ E(x) . o
g ea.t il. 3l 95’ jol.3) —
x
R = ./(igo MO HE2S 4) = 1625 u

y €L x Eae-R= 225u-le2Sh

(@) .= Ewe+R = 225 u+162.5u = 3305 pu =&
b » 625mM A
(b) Yewtiphomy = 2R = 325 M -l
‘ }\.3\" a cy E =0 Evugs 337.5 44 Emin = O
4)‘ Yori = ey = Emin = 382.5 R




(e

(v)

PROBLEM 7.142

arm are:

7.142 The strains determined by use of the rosette shown during the test of a rocker

‘e,=+600{l . .€2=+450p &
m (@) the in-plane principal strains, (¥) the in-plane maximum sheating
SOLUTION Y,z
O, = 30° z
ez = |50°
6, = 10°
Ey €2° O, + €, sin® O Yl,gSF'\Q‘&oSQ, z &,
0.75 €, + 0.25 €, + 0.43301 Y,y = 6OOM )}
€y t.osz@! + Ej sin" @, + Y‘,,J 5in0, ces®, = €,
0.75 €, + 0.25& = 0.4230l Yy = U4Sou @]
Ey cos" Oy + & Sint Oy 4 Y‘,J sinBycos B, = €,
0 + gy 0 = -TEu ()

Sopvfnﬂ c-')) (2\) o et (33 .Slimu»{?'i‘aweous}j

Ev = 125 u | &= <184, Yg= 1732 “

Eove t -,';(s,,+6‘y) : 325

R B8+ () - o (BT (B = woma s

Eo= Eae+ R = 134 u

Eb = Eau b Q T - 84,3 M
2R =

Ymsp(in-plna Y gl q M

A

A

A




7.143 Determine the strain ¢, , knowing that the following strains have been
determined by use of the rosette shown:
€ =+720 x 10 inJin. € =180 x 10 in./in.
€ =+120 x 10%in.fin.

PROBLEM 7.143

SOLUTION

Yy o3
9‘ < _150
8, = 30° 2
e, 75°
"
\
Ey C.asta, + EJ Sr‘ﬁ‘e‘ + T’:} 5in B, cus 6, = &,
0.9330 ¢ + 0.0669% £ - 0.25 Yy = 720 S To R 4 B
g, cost B, + & Sin" 8, 4 Y\"‘J SinB,cos6, = E,
0.75 & + 0.25 & + 0.4330Y, = —180x/o™° ()
€, cos® 93 + 6_]' Sint o, +Y\yj SinBcos ©, = &,
0.06699¢8, + 0.9380 €, + 0.25 Y3y = (207607 (@)

Soﬂw‘n«a (0, (2}, and (3) s.‘muﬂ'qv\eoui;‘_,ey

Eo = 380x0° infin | £ = H6OXIO /i Yy T = 133701070 india

&

£y = 380x%)0 " inlin —

[

o
[S——

-

[




. 7.144 The rosette shown has been used to determine the following strains at a
PROBLEM 7.144 point on the surface of a crane hook:
: €=+420 u & =43 &= +165

(a) What should be the reading of gage 37 {b) Determine the principal strains and
the maximum in-plane shearing strain.

SOLUTION

(a) Gajes 2 and U awe F0° dpa.r-'t' ve %{ (Q-‘ £,
Eae = F(-495u + Vesu) = GOu
Gaqes | and 3 avre afso 90° apart Eur = % (& + €)

Eg = REpe - €, = (R)eou) - 4204 = ~ 3004 ek

(b} Ep ¥ E| = “'20 Val SJ = 63 ¥ - 300/(

-Y;g"" 261 - E: -E', F (2)("45”)"‘ q‘?oﬂ + 3OOM

T~ R0 u
R = {E &) (B) - (H0ugfeen)® (Apa):

= 375 u
Ea ™ Ean +R 7 COxu 4+ 37ae = HIS 4 et
Eb ™ Eawe-R = COu~-375u = ~3I5u et
Y\mc.‘n.y...) = AR = 750 u et
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7.145 Determine the largest in-plane nonmal strain, knowing that the following
PROBLEM 7.143 strains have been obtained by uss of the rosette shown:

= .50 % 10 in./in. &~ +360 = 10 in/in.
& =+315 »« 10* in./in

SOLUTION

O, =45 = -4 g, =0
Ec evs® B, + gy $mTO, * Yy $inO cos®, = E,
-

0.5e, 4+ 0858 1 0.57y = ~Soxjo”¢ (D
Eg C‘.as‘e,_ + EJ 3!‘?\192 + ij S;'r\é‘ 6059'_ e c‘:‘z

0.5 Ee + O.8 EJ - Q.5 Y:J = %40 yh)“ (&3]
E. cos® Oy + (_3, .si.«"é)s + Y‘,,, $in@ cos B, = &,

& + o + o x 31 xjot 3y

From (3) & = 31§ "IO-‘ ndin.

Eq. (1) - £9.(2) Yy * “Soxl0 - 30 X107 = - H10%IO inlin
Eq(t) + Eg () E + & = & + &

E < & +& ~& = ~Sox10° + 3602107 - BISkIOT T ~&ExI0 inhin,

6‘\'0 = -’E(E] f eJ ) T I\gs' x’o-‘ iﬂ /l‘ﬂ
- v, 335*!0”‘* Sxio ~Ylox|o b
R« (B + (G) - (BUHGEE)Y (SonieT)

= 260 ”’o- l"l /l‘r\-

8;\.,' = 6..,,, + Q = q’s XIQ-‘ in /I.N- il

+

T
" —_ tan 20, ° wg:;‘”s:- T . 1323

/" —

le—— yis%5°
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{
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1

Adding (1), (2) and @)

PROBLEM 7.146 ", 7-146 Show thay the sum of the three strain measurements

. made wi ® rosette
ismdepmduuoﬁheorientaﬁonoftbemtemduquulw a0

. etete=1ie,
where £, is the abscissa of the center of the corresponding Moty cirde for strain,
SOLUTION
E, = Eaue * _Qg_z-_-__EI cot 16 + %—1 sin 28 )

&, =

Eave + f_".:’_:."_.s.‘! cos (26 +120°) + %sra(zeulc‘)")

]

Eave + S22 (0051207005 26 - 5in 120 5in 26
+ Xt (cos 120° 5/ 26 + Sim 126°cos 28 )
Eon * &:i-@ (---ﬁc::s—?@ - f"shZG\

+:§1('~'RL5|'A29+ gcosis) @)

& % fan t BB cos(2042490%) 4 Yo sin (26 + 240°)

"

T Eane + gia'—e-f (cos 290°¢0526 - s/ 240°sia 26 )
+ 12-\*! (cos 240" 500 26 4 §in 24Y0° cos 26)

= Eum v S8 (L2 + P sinze)

+ rzu (—'{an 2 - %COS 26) (3)

E+ & 4+ & = 38 + O + O

Sl = &+ & + & -
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PROBLEM 7.147

ot €

E ahlﬁ‘, i

g. 2 R

7.147 Using a 45° rosette, the strains & , & , and & have been determined st a
given point. Using Mohr’s circle, show that the principal strains are

1 1
€ muxmin = 5(31 +6)t TE[(*\ - &) + (& - £)'1”
(Hint: The shaded triangles are congruent.)

SOLUTION

Since Sd.je divections | amd B ave 707 a-fa,ri"

Eave = % (&, + &g)

let U= £- fn (€, - &)

E, - 4(& + &)

i1

V:: E’.-EM

;R&,., U‘*’ V‘
“
» '&(e“"a;)‘*‘ &‘g" e;(‘u‘-!;)-‘ '&‘(E"‘-E;\
=h & - 458 +§ &
*JqE:'t;é;E,_fs + "'ifsa

1

<& + E - £ + 48"

%€
= %(Ee“et}t * Ji(ga“gs\k
R« g [te-ats (5-87 ]

jin.s -‘Hne l\eelut'v"cd Formoy da. .




7.148 The given state of plane stress is known to exist on the surfiace of a machine
component. Knowing that E = 200 GPa and G = 77 GPa, determinc the direction
and magnitude of the three principal strains (a) by determining the corresponding
state of strain [use Eq. (2.43), page 9+ , and Eq. (2.38) page 9) ] and then using

PROBLEM 7.148

200 MPa Mohr's circle for strain, (5) by using Mohr’s circle for stress to determine the
principal plancs and principal stresses and then determining the corresponding
strains.

SOLUTION
e\ By 0, 67 -200%i0°Pa, Ty= -150 x10° Pa

E = 200 xio" Pa G =77%107 Pa

G’szy »: £ o) = 0.2987
£, = -é—(s,_ -.us&)s %Z!TTJWIO 4(0.2937)(200ulo‘)] T 211
g = .é- (6y - »6,) = W‘_(—goaﬂo‘)_— o] = «|voo u
Yy * % . RIS < iake 4 ¥ =iy
Mé?(ﬁ\ Eae = 5 (Eat &) = = 350.5
VAN
/ 919 4 tan 26, = Eﬁf‘.} = ‘_:;';'f = - [.H99¢
8 , ,C o A\l € (m) ifgea-_-_,_ss.?). Bus - 28.15° -
' Re B2 )t = U714
s s ol e PO =
Lok ™ s ) etz o
= =299 4 -

(b)

Cove = 3 (60 + €)= 100 MPs

R = (ES) + 2y = ()16

= 180.28 MPa
6, GumetR = 80.3 MPa
G {MPa) Gy = Oae~R = -280.,3 MPa
Eﬂ- = -E"-.'(s'a.- "6‘5)
] & _ x 13
= W[zo.sr 0% - (0.2987)(-280.310%)]
= 820xj0”¢ = 820 M —
tan 20, * 25y .5 264~ -5¢.3°

&-6.
i @, = - 28.15°




7.149 The following state of strain has been determined on the surface of a cast-
PROBLEM 7.149 iron machine element®
: € =720 x 10 infin. & = <400 x 10 in.fin.
: y=+660 x 10 rad
Knowing that £ = 10 x 10° psi and G =4 x 10° psi, determine the principal planes
and the principal stresses (a) by determining the corresponding state of plane stress
[use Eq. 2.36, page 94 Eq. 2.43; page at ; and the first two equations of Prob. 2.75,
page ww] and then using Mohr’s circle for stress, (5) by using Mohr’s circle for
strain to determine the orientation and magnitude of the principal sirains and then

determining the corresponding stresses,
SOLUTION
Gy vt o' T 0% Note that the 3rd
£ 10 x| OF pm'nr.u'paf st res<
- 10 - ¢ . _
"__-..;a. = - 0.25% 10.667 x 10 pe 6“; - O el
@ 6 = 'Fw (e,rve )= 1046720 [-720%16 ¢ + (0.25)(-Hoo x 167D )
T - F746.7 Psf
6, = TEox (e, r ve) - 10.667wlc" | ~400 %46 + (6.25)=720 10"} |
T -6IB6.7 r‘l%f
T = GY = (4x10°) 660 %10™") = 2640 psi
T3 ps) Guve = % (6,46, = =746€.7 p:
oy
~N AT
= =-2. 062
\ 20,7 - G4.a° 6,7 -32.1° ©,-57.49°
4O &(pst) ,
I i R= -’(—5‘:&—27——5;‘ Yo+ T 5 2934 psi
/
; Gz Gue + R = ~ HE33 pai )
i Gyx Guve - R = = [0400 psi —
(6) Eae = H(E+E)" -560 x (o ¢
_ .Y _ _ceo -
O A

20,7 -64.1°  B,=-32.1° 8,7 571.9°

R={(ESEY () = sccr4 =07
EQ6) £, = Eave +R = -198.2 x/0”
£, 7 Eae-R = -926.79 %107

5'9__-_:_‘%-:(61+ VE,) = ~u533 P! ~u
6,% —l—-;g—;;(f“ VE.Y = -lodoo pai m—
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PROBLEM 7.150

a gage reading of 220 x 10 in./in.

SOLUTION

.S“"Y‘CSSGS 1 “H\e ‘|‘an waJJ’

Y 5
BE e
5 pr BwE®
N " .
| ST
b !
| E . (B, BrY - RE()-2). .ot
Stveins £, > E(s;—vs::(\' E (% v?t T ET (l 2.) O'gb"_%i
A " r )
€y = TEL(G}':JG})’ é’(% -v-‘%—) = ﬁ (é_y)_ O.Qo.g_:
T
i Tg= & = ©
L - Br
gavg s R(EIQ' EJ) 0_525 Et
G — .
\ R = 3 (&~ g)= 0.325
Go.
Y! ¢ X g Eq = Eae - R cos €O°
\ c g ) p
\ = .szsf_; - o.s:zsé cos fo°
- ] .
= 0,362S5 Ef
e— 525 %;‘—J .
Sedving For p P ozas v
- (2%{[0‘\(%)(220“,0-6) |
P (0.3625)(36/2) 367 pu

7.150 A single strain gage forming an angle 4= 30° with the vertical is used to
determine the gage pressure in the cylindrical steel tank shown, The cylindrical wall

of the tank is 5 in. thick, has a 36-in. inside diameter, and is made of a steel with
E=129 x 10° psi and v=0.30. Determine the pressure in the tank corresponding to




PROBLEM 7.151

——56'.‘

o -

Y20

v[ {,

7.150 A single strain gage forming an angle f= 30° with the vertical is used to
_ determine the gage pressure in the cylindrical steei tank shown. The cylindrical wall

of the tank is %in. thick, has a 36-in. inside diameter, and is made of a steel with
E=29 x 10% psi and v=0,30. Determine the pressure in the tank corresponding to
a gage reading of 220 x 10 in.fin.

7151 Solve Prob, 7.150 , assuming that the gage forms an angle 8= 60° with the
vertical.

SOLUTION

Stresses:

Strains ¢ _gx =

e = 3(&r €)= 0525 BY

¥

L/

0, 525 EE

035K —— s

Et

o.zlé{,: L

Soﬂvfﬂﬂ For P

PT 0.6875

R=4(e-8)" oms &

£, = &g, + Recas €0°

3

3o

0.525 L + 0.825 f con 6

1

0.6875 BL
7 £t

@gx104)(% Y az0%(0¢)
(0.6875Y(36/2)

Ete.

= 193. 3 Fs;‘ ~a




PROBLEM 7.152 7.152 A single strain gage is cemented to a solid 96-mm-diameter aluminum shaft
’ at an angle f= 20° with a line parallel to the axis of the shaft. Knowing that G =27
(GPa, determine the torque T corresponding to a gage reading of 400 4.

Ga,je A reml ton IS ﬁ ehockwese 'PNM s

et
Point G s 2R chockwise From X on Mohe's civele. /

Eoave = %(Ea" EJ) = O

SOLUTION
y J
gt g
_ ‘TC _Tut S
6‘:‘-6'330 Ex:%:o
v
2
5k6+t’-—"‘ M~>|m~\s cire le for strain. (/)_._(‘_ &

R = 3% - ,
Ea = gau\: + Pa;h QB = %.‘rxy Sin 23 = :?_,G"i Sin 2B
- Te Ty

mS,nzﬁ =

3
Sopvfnj *For T T'= *—-J-ZCGifﬁ = ‘—_—Msfguczﬂe-

T (27%10° X 48 %1073 )3 (400 % 107¢)
Siw Yo*

T =

= &.24x10° N-wm
= 5. 84 kN-wm




PROBLEM 7.153

. Te
T= 3
6, = 6570

Skedch Mohr's civele for strain

T7.152 A single'su'ain gage is cemented 1o a solid 96-mm-diameter aluminum shaft
at an angle B~ 20° with a line parallel o the axis of the shaft. Knowing that G =27
GPa, determine the torque T corresponding to 2 gage reading of 400 4,

7.153 Soive Prob. 7.152 , assuming that the gage forms an angle #=60° with a
line parailel to the axis of the shaft.

SOLUTION

y

X

G'a.jc direction q 'S ﬁ:éo" chockwise

. 'Pr'om .

Point G s Qﬁ" 120° c.)oc,kwu‘se #NM
Pon‘v\‘} X on Mohr's eivnede.

v
\

S
Eave = HEL+8y) T O Y
R = 37
Ey 7 Cam + R sin2B8 = Y sim2B = -2% sin 23
v T v
s < %

. . RAGJ&, _ wecle
Sojv\na Yor T T - —C_——‘:n—g'—é = —5%73—

T< T (21x107)(48 10" P (4oo /074 ) .

12 4.23 )rlD's N m
Sin o*

= 4,33 kN-m
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PROBLEM 7.154

7.154 A centric axial force P and a horizontal force Q, are both applied at point C
of the rectangular bar shown, A 45° strain rosette on the surface of the bar at point
A indicates the following strains:

& =-75 x 10 in/in. €, =+300 x 10 in.fin. & =+250 » 10 in.fin.
Knowing that £ =29 x 10° psi and v=0.30, determine the magnitudes of P and Q..

SOLUTION
£o: £ = -16x0° g ° &7 250 0"
Y 3 & - &, - & 7 425 x5°
(s v R LIS s eGs]
= O
. _E _ L2 c -
6 = 155 v ) o [ 250 @670]
= 7.25 »10* pa:
i;:' - § P=AG = @(e)7.25~10%)
= 37.0xi0* #b = 87.0 kips -
E 29wio¢ . .
= - / N
G 200 GO 184 % 16" p
Ty = GYy = UN.1S4)(425) T 4790 %(0° ps;

5]

e

|

AN

4zl

T= +bh®:= 5@P® * 3¢ in'

Q= AJ = QABXNLSY= 9 i’ t=2in
_ M2
ij - It ()C | )
Ity . @Ge)(2)(4.7dxict]) s
V - Q‘ '.q’_"' - B'Zq Z‘}O jL.
@ =V = 372.ax10°4b = 379 kips ~




G =

P

L

¢

PROBLEM 7.155

E 29 % (0*

20wy~ @0

7.154 A centric axial force P and a horizontal force Q, are both applied at point C
of the rectangular bar shown. A 45° strain rosetie on the surface of the bar at point
A indicates the following su'ains:

& =-75 x 10 in/in. =+300 * 10" in./in. & =+250 x 10 in./in.
Knowing that £ =29 x IO‘psland v= (.30, determine the magnitudes of P and Q..

7.155 Solve Prob. 7.154, assuming that the rosette at point A indicates the
following strains:
€, =-60 x 10 in.fin.

, = +410 % 10¢ in/in, & =+200 x 10 infin,

SOLUTION

& = & = -6Oxlo " & T £ = 200 x(07°

Yy * 25, - -E = 680 Al

G, = l (E + D E Y= \o‘[ 404(03‘1(1003__]
= O

6 = 7o (grve.)= 72 031 22 _1 200 +0.3)60} ]

5800 »/0° psi

]

= GYLJ = (I1s4){cgo) = 7.585 x jo* pei

T
Y

N
A

— & ——»

—

2

%3 Ny P = AG, = 2)e)5B0o s f0F)
= 61.6x%10°0b = £9.6 kips -
H1.154 %10° psi
IT= gbh® s RN = 3¢
Q= Ay @@ 7w t= 2
~ = Ya
by = T
3
v = It%y  (36)(2)(1.585xt0 )z CoTrio M
a 9
Q, = V = 60.7xto*db. = 60.7 kips ——
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7.156 The state of stress shown occurs in a steet member made of a grade
with z:;msilcg{'i:ld strer(xgth of 270 MPa. Determine the factor ofs:f:ty withQricp“?:.tl
to yield strength, using (a) the maximum-shearing-stress criteri i
distortion-strength criterion. grstress crterion, (9) the maximum

PROBLEM 7.156

108 MPa

SOLUTION
54 MPa

6¢ = -36 MPa , 6;7/08 MPa, Ty = 54 MPa
36 MPa
Cave = '%\(6‘#*6:7)’ 3G MPa
R- (555 7" -

26 MPa,

q0 MPa

Sﬂ,: 6:*'\'?'—

Gb: s,;.v‘*R, = -54 MPQ. 3 6;=O

@)  Guwe * 126 MPa | Gl = - 54 MPa

2 = G = Buin = 180 MPa < 270 MPa (No yl’eopnp{nﬂ)

- 6 _ 270 _
FS = 22" Tiso ° 5%° -
() -/ &+ 5§, -6.6, = 159.39 MPa <« 270 MPa CUoJ:’BJJ{nj}
€,
F.S. = = 212 __ - | g88 -

6.+ 6, - 6.6, 15599

7.157 A spherical pressure tank has 1.2-m outer diameter and a uniform wall thickness
of 10 mm. Knowing that the gage pressure is 1.25 MPa in the tank, determine (a) the
maximum normal stress, (5) the maximum shearing stress, () the normal strain on the
surface of the tank. (Use £.=200 GPaand v=0.30.)

PROBLEM 7.157

SOLUTION

t= o0 m, =%d-1 = 4 (1.2)=loxc® = 0.590 m, p = 1.25 MPa

For o sloker;'ca«j tamk vndew ivternal pressove

- _opv _ lu-as)(0.590): _ -

6‘. = 6; = % = (2)(]0\”0"3) = 34.9 MP&..

6 = 0
(a‘) Gn..', = 36— q MPQ. -l
(&Y Gua= 0 Ve = 3 (G = Gmin ) = 1844 MPa )

1) ,
c) &= (6 -v6- 26;) ’WI 30.9 %0 -(0.3)(%axlcY) - © ]
= 29 X 107¢ = 129 4 -




PROBLEM 7.158

£, cos O, + &y Sin O,

i &, + & &

7. 158 The strains determined by the use of a rosette attached as shown to the surface
of a structural member are:
g, =220 x 10r* infin. 6=425x 10%nfin, &=480x10%infin.
Determine (a) the orientation and magnitude of the principal strains in the plane of the
rosette, () the maximum in-plane shearing strain,

£, cos' O, + Ey 5in' 0, + Y,',J sinb,ces®, = £,

Ex + 0

Evcos O + & "B, + Yy sinbcos8, = &

‘&5: 4 '%81

SOLUTION
Y | 9, = 45°
‘ i 8, 0
\ X,2 6, = ~95°
3
+ ),,:J Siﬂe.Cosel = El
+ oAy = 220 %15 inlin (v
+ .0 = Y25 %xI10"% in/in (2)
- % 'Y;J = 480 % 10" in/in (3)

So.’vina (l)) (2) and (3) simujfancousjj 3.’«.5

425*!0-‘ in/in

Ex = ¥ EJ = 275 *“.)-‘ in/fin > Yg = - 260 XJD-‘ n fin
! - -t . g,
',',_"Y'(IO") Eavc = 3:(8-, + EJ\ = Bsqoxjo lﬂ/ilﬂ
- Yy . — 60
% Fan 26, = E-€  425-275
= - [.733%2
B c/, . A E(ID"‘) X
26, = ~ 60 6, - -30° et
Y O 7 60° el
e——— 00 _ [ - )l (fn'.)'
R=y &3 7
| 350 = T 150 X |67° in/in
- 500 - .
00 »10  in ,l'v\ -l

@) £.7 &e + R =
200 ¥ 165w /i, -

Ektaut—R s

(b\ Y:""-(l'lﬂ p!mt‘ B = 2 R
300 )"[O-‘ n /l"l ——
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7.159 For a state of plane stress it is known that the normal and shearing stresses are
directed as shown and that o, = 5 ksi, o,=12ksi, and g, = 18 ksi. Determine (o) the
orientation of the principal planes, (b) the maximum in-plane shearing stress,

PROBLEM 7.159

SOLUTION

(@ 6, = 1(Se+ 6
R =

Ye 205+ 1) = 8.5 ksi

Coax = Gove = 12 - 8.5 = 9.5 les;

K :1/(6 2-6)2 + Ty
Ty 2 JRY (S8 ) » fost-GE)

+ B.83 ksi

Ih +he sketeh 7_',,3 i's Shown Pos-"kve_s hence 1\:3 = 4 B.8% ey

Yaw 29? =.Z_T_">’_._ =

o &6, ~2.523 26p = - g8.4°
y Oy = -34.2° 6. = 55.3° ey
Gz Cuer R & = 13 ke i
b © 6.:« - R = 6,..,~.,, = =] ks )
A

\
leb CB) Thm(?n-pﬁn) = Q = 9.5 /(';'n' —

®




7.160 The compressed-air tank A8 has an inside diameter of 450 mm and a uniform
PROBLEM 7.160 wall thickness of 6 mm. Knowing that the gage pressure in the tank is 1.2 MPa,
determine the maximum normal stress and the maximum in-plane shearing stress at

points a and b on the top of the tank.

SOLUTION

Y‘:éa"-'ﬁis wana T = 6 mwm
G = -%-V\:-Lﬁlgg_zji)—_— LISMP“

6, = B = 21.5 MPa

Torsion: €, = 225 mm c, = 228 + £ * 22|

J = ;(C-j'c,q) = 446 .49 Xlo‘ mmq = YYé .9 ylo_‘ m‘f

T = ('5*[0$)(.500H0'3) = 2500 N-m

_ Te _ (2500)(231xta™s) . .
T = T % " hcaxios = 1.292%10% Pa = 11292 MPa

Transvevrse sheav: 20O o Po;n'l‘S G awmd b.

Bending: I= 4T = 223.495x0° m' , ¢~ 231:107° m,

Point a Point b
M= (5 x(0® )(750%(0°> )= 3750 N-wm M= (5r10° W2x750%107° } = 7500 N-wy
_ Me _(3750)(231x163) _ _ Me _
67 T Tmasrio - 3.88 MPa €= 3~ 7.75 MPa
Totad stresses :(MPa) Toted stresses (MP2)
Long.'{-bd:naﬂ 6,= 22.5+3.88 = 24,38 G, = 2.5 +7.7§ = 30.2§%
Ciﬂ.uhrem'\’hf 6_7 z 45§ g,j = 45
Sheawn T,g, = L2924 Zey = .29 2
Sun * (646N 356 MR Eove= £(6+6y )= 37.625 MPa
R« B8 )+ 2} = .40 MPa R = {(E5%) + %5 = 7.487 MPa
6oee = Can* R = 451 MPa -= Gy ® Gan+R = 451 MPa —

fmm(in—r)m) = R = 49.40 MP&_ il T"‘“{‘.'“‘FJ"”): ’R = 7.49 MPG. —
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PROBLEM 7.161

7.168 The compressed-air tank A8 has an inside diameter of 450 mm and a uniform
wall thickness of 6 mm. Knowing that the gage pressure in the tank is 1.2 MPa,
determine the maximum normal stress and the maximum in-plane shearing stress at
points a and b on the top of the tank.

7.161 Solve Prob. 7.160, assuming that the 5-kN force applied at I is directed

vertically upward.
SOLUTION
= dd = 225 mm =26 wmm
5 = %P__ (r.zg)(zzs) = 45 MPa

ekt 6, ¥ = 22.5 MPa
Torsion €, = 225 wmm C, = RAS5+6& = 23| mm

J = E(cz"-c.") S BYC GO ! T H96.9 %107 !

T = (&0t s0ox10™") = 2500 N-m
_ _ (2500)(23110°%) _ ‘ i
v=- e - (2S00 Mz8elg) - 292000 Pa = 1292 MPa
Transvense shear: = 0 uf points a andl b.
Bending: L= 0 = 223.45%10" m® c= 231 %[0°5 im
Point o . Yoin
M= (Sxjo*)(75015°) = 3750 N-m | M=(5xi0>N2x750x/0™ ) = 7500 N-m
_ Me_ (3750)(231xi07) _ . Me |
S= T = “Tmaswioe - NP 6= 7 7.75 MPa

Totad stresses

(MP) Totad stresses (MPa)

Longitwlined 6= 22.5 -3.88 = 18.62 MPa Gy = 22.5-7.75 = I4.7§
Cl'ﬂ'.un-refew‘h'az' 6:\’3 4s MPG. 5.] T 45

Shean T,J': - 1.292 MPa T“J = - [L.RA92

Guve = %(6x26)= 31.81 MPa Cave = 5(6,467) = 29.875 MPa
R=y 88,2 = 13.25 MPa R = AS58) '+ 2y = 15,13 MPa
6oz G+ R = 451 MPa =l G,.,= 6L+ R = 451 MPa —=
Tontimphasy = R = 13,25 MPa = Toentinplow) = R= 1518 MPa =




PROBLEM 7.162

5, = %r* = {200)(13)

8.375
7 (rs(]

2

7.162 The steel pressure tank shown has a 30-in. inside diameter and a % -in, wall

thickness. Knowing that the butt-welded seams form an angle of 50° with the
longitudinal axis ofthe tank and that the gage pressure in the tank is 200 psi, determine
(@) the normal stress perpendicular to the weld, (#) the shearing stress parallel to the
weld,

SOLUTION

r= d = IS ja

= 8000 pai 6.7 %G, = 4000 ps;

S * 56 +6, )= cooo pi

R = E’-;TG-:* = R000 P

~——————— 3000

e HO00 —J W

(@Y G, = Gun + R cos 100°
[oo®
= SE&52 '051' ]
(b\ ’[:; = R & ,OO.
= 1970 pai —
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PROBLEM 7,163

2/
& = - (e a)
- s
T (ar3)
Evw ° HITx(O™®
(_C-‘ Y\MM B gmm = gwn'u
fq.l‘l = %
R = %Y, -

7.163 A square ABCD of 2.4-in. side is scribed on the surface of & thin plate while the
plate is unloaded. After the plate is loaded , the lengths of sides AB and AD are
observed to have increased, respectively, by 540 x 10 in. and 900 » 10" in., while the

angle DAB is observed to have decreased by 360 x 10°¢ rad. Knowing that v = % .

determine (a) the orientation and magnitude of the principal strains, (b) the maximum
in-plane shearing strain, (c} the maximum shearing strain.

SOLUTION
Y
P * Ax AB
. SHoxiott | -¢
= 2.4 = 225 = o
A g X 8 = .&_)-J = AA—b
_ Yoox{o~* _ - o C
- q-l..t - 375 }0
Y“J = decrease in NQH anjje DAB = 360x/0°rad = 3¢ %[0
s L _ N -6
Ea,ve. - 183 4+ ’:-: = 300 10 T (u).‘)
] 360 _
'I'a‘_n 26 ':'-.-‘__Y,‘\v.‘i. . — = _2.,4 .
P g -8 225 - 375 // .
G Gm T / m
Ex - &y [ & A £ (o)
R= J(BE) + () = jeswio™ A /
-l \ x et
Ea = Eawe ¥ R = HaSx IO ] N /
\_ﬂ; g
€v = fave R : josxiw* ~l
(b Tm(in-p!»\n\ 2 &, - £, = 390 x!o“-‘

(qq,s Mot 1loSnjo” ) = 300 xi0°¢

-6

Slvu'm o= 300 A ’D

745 »jO°¢ -m

(S # Enin}= A2E x10°°

For dotfed Mohv's civede.

397.5 % |0°¢




PROBLEM 7.164

21,
(@) tan 20, = T

29,, B 78.6"0

Og
() 6,7 Bunt R =
6'52 GAN.—Q =

95 - g0°

7.164 For the state of planc stress shown, determine () the principal planes, (b) the
principal stresses, (c) the maximum shearing stress.

SOLUTION
2
T
Cawe = 'g,l' (6; + 6:-{
‘ = & ki

R - ’(6‘56’, )’-* tL)'l-
= ]O.198 ks:
5. 00 B

Gy = H ksi 6:). = 8 ksi, Ty = - 10O ks
!

A &
(ks

95’ 39, 45T -
= = §0,G655° w—t

16198 ksi ~—ik

Y
A4 198 ks— 6 -a-L— 10,193 —»

—4.198 ks )

©) Log = 2 (Cen-6u) = AE-6) = R = 10,198 kei =@




PROBLEM 7.165

3.0 MPa

4
0.375 MPa

7.165 The grain a wooden member forms an angle of 15° with the vertical. For the
state of plane stress shown, determine (@) the in-planc shearing stress paraliel to the
grain, (b) the normal stress perpendicular to the grain.

SOLUTION

Sx = —g‘o MP&

63= - 1L.2MPa

2

Tyy T -0.37§ MPQ.

Gue = 2 (6,480 - 2.10 MPa

R = {E5S) + %yt = 0.975 MP
) (Meg »
- e -
Fan 299 6}-5—3 O.Hieg7
ZQP = 22.62."
S

(MPe) 26, + 20° = 52.62°

Y &) f,]_c;‘h-,le = R sin §25° = 0.775§ MPa =
I

B 6, 7 Ouwe = Rcos 52827

— 2! — : <200 - 0.692 = -2.692MPa. -

PROBLEM 7.166

7.166 A cylindrical steel pressure tank has a 26-in. . inside dismeter and a
uniform  -in. wall thickness. Knowing that the ultimate stress of the stecl used is
65ksi,determimthemaximumalluwablegagepmsureifaﬁmorofsa&tyofs.Omust
be maintained, ‘

SOLUTION
r=4d= @)+ 13 i 1 =0.25 in
6, 6S . - BY
6..“ - —];‘—gé. [t ,3 kﬁl s‘l - Pt_-
. 6t | (12)3(0.25) - 0,25 ksi = 250 Pt —
P v 1%




PROBLEM 7.167

¥

Gave = % (6,460~ 36 MPe

7.167 For the state of stress shown, determine the maximum shearing stress when ()

o, =+72 MPa, (b) 0,=-72 MPa,
SOLUTION

G, = - 30 MPa Tz = 21MPa |, 6, =

2

(Q-) G:j = +72 HP&
2 JMRL)

Y
A

(MPA\
R {358 ) + B~ = 4S5 MPa
Gmox = 6o Gl tR = ¥l MPau
'6"'"'"-: 6 = =30 MPa }!—30 —Ne— 36 —|e— Y5 —
Y™ % (G = Coin ) 7 E5.5 MPa, —= T} (MPa)
'Z
(b) 6 = =72 MPaq
Buve = % (6y+6,) = -36 MPa A s
2 (MPay
RaJ(BS2Y 4 42 = 4s mpa /
Bon = G = 6. +R = 9 MPa Y
Emin = SL“: Smu_'?’ - 81 MPa LHS L —l 5
lM-:r.‘ Q(G’hm Gmn) 45 MPQ* -

-

3 T

_Aﬁ

_441_
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PROBLEM 7.C1 7.C1 A state of plane stress is defined by the stress components o, o,

and 7,, associated with the element shown in Fig. P7.Cla. (a) Write a com-
y puter program that can be used to calculate the stress components o, @, and
1,y associated with the element after it has rotated through an angle 8 about
i the 2 axis (Fig. P7.C1b). (b) Use this program to solve Probs. 7.13 through
1.16.

SOLUTION PR ERAM FLLOWINE LEGUATIONS
045, ﬂ_G¥—0§

£a (19, pr21 V=

coc 70 + '7;3 5in 76

2 2
. Q’;-}'d‘g ¢ "'q_zj o N
Fol17) 427 ==z - 22 cos26- 7, £in 26
(a) . , U;_ —U-;; .
FO(2.6)4 92T 7;,3‘ m =L S 7o + Ty oS 2O
Frer S ﬁ'g , ’7;3 AND S

Py VALUES o TR/~ED FOolt Tx\ ’{T.a\,ﬂ'ND 7;3,

(b)
Problem 7.13a Problem 7.13b
Sigma x = -40 MPa Si = -40 MPa
60 MPa gma x
Sigma y = 60 MPa Sigma y = 60 MPa
Tau xy = 20 MPa Tau xy = 20 MPa
Rotation of element Rotation of element
{+ counterclockwise) (+ counterclockwise}
theta = -25 degrees theta = 10 degrees
S8igma x' = -37.46 MPa Sigma x' = -30.14 MPa
Sigma y' = 57.46 MPa Sigma y' = 50.14 MPa
Tau x'y' = -25.45 MPa Tau x'y' = 35.89 MPa
Problem 7.14a Problem 7.14b
80 MPa Sz‘f.g'ma X = 0 MPa S:j.gma x = 0 MPa
Sigma y = -80 MPa Sigma y = -80 MPa
Tau xy = -50 MPa Tau xy = -50 MPa
Rotation of element Rotation of element
(+ counterclockwise) (+ counterclockwispe)
theta = -25 degrees theta = 10 degrees
M ,
%0 Mpa Sigma x' = 24.01 Mpa  Sigma x' = -19.51 MPa
Sigma y' = -104.01 MPa Sigma y' = -60.49 MPa
Tau x'y' = -1.50 MPa Tau x'y' = -60.67 MPa
CONTINVED




PROBLEM 7.C1 - CONTINUED

Frvsenm Ouvrreer

Problem 7.15a

Sigma x = 8 kei
Sigma y = -12 ksi
Tau xy = -6 ksi

Rotation of element
(+ counterclockwise)
theta = -25 degrees

Sigma x' = 9.02 ksi
Sigma y' = -13.02 ksi
Tau x'y' = 3.80 ksi
Problem 7.16a
. Sigma x = 0 ksi
16 ksi Sigma y = 16 ksi
Tau xy = 10 ksi

Rotation of element
(+ counterclockwise)
theta = -25 degrees

Sigma x' = -4.80 ksi
Sigma y' = 20.80 ksi
Tau x'y' = 0.30 ksi

Problem 7.1

Sigma x
Sigma y
Tau xy

L |

Rotation of
{(+ counterc
theta =

Sigma x!
Sigma y'
Tau x'y'

5b

8 ksi
-12 ksi
-6 kai

element
lockwisge)
10 degrees

5.34 ksi
-9.34 ksi
~-9.06 ksi

it non

Problem 7.16b

Sigma x
Sigma y
Tau xy

Rotation of

0 kei
16 ksei
10 ksi

element

(+ counterclockwise)
theta = 10 degrees

Sigma x!
Sigma y'
Tau x'y'

nunn

3.90 ksi
12.10 ksi
12.13 ksi

|
LA
1
I




7.C2 A state of plane stress is defined by the stress components o, ,,
and 7, associated with the element shown in Fig. P7.Cla. (a) Write a com-
puter program that can be used to determine the principal axes, the principal
y stresses, the maximum in-plane shearing stress, and the maximuom shearing
stress. (b) Use this program to solve Probs. 7.7, 7.11, 7.66, and 7.67.

PROBLEM 7.C2

%y
SOLUTION PRoGRAM Fliowind FDuar jons
T +7a R
EC"[ZIQ} ?;ve_= __"‘?3_ : ”‘:\/( 0:? 7?4/. + 7;«}
5 : -
£a.(7.) U;o.; Tavet R
T ﬁu" o
A 2
f&,(zz’?) & = .’f’an’ -;:—-L"
ra e =Ty
-~ - _ =T
.-ZE‘;‘. {7-15) :.:'.‘/'S:: tqn - '%:L
bl

(: 3 AT 'T— o f .'c" 6.
THEELrs STRESS /5 \,,,,a,-’o v -T;nfn <0

FEEA AT

’-.- a
I F U;W7O anc \j?mn?O,

Cema {in-plane) g 3

%4‘94 (Out“af"f?’(ane) =R

TN 70;”0” ‘P/""‘ﬁ: ool ,Z,;x_,bu%- af-piore ™ ',;'{‘U;a,«,,
2 U‘;m;:’o . perarsl "7,';?”?‘40 :
“THEA) Z»w/m 'P/a”d}rﬁy : Z,;,y (put-ot phire )= 5}‘ 0,:,,,,, ;
PRO&RAM oL TEUT
40 MPa Problems 7.7 AND 7.11
35 MPa Sigma x = -60.00 MPa

Sigma y = -40.00 MPa
60 MPa Tau xy = 235.00 MPa
Angle between xy axes and principal axes
( + counterclockwise )
Theta p = -37.03 deg. and 52.97 deg.
Sigma max = -13.60 MPa
Sigma min = -86.40 MPa
Angle between xy axis and planes of maximum in-plane shearing stress
{ + counterclockwise )
Theta & = 7.97 deg. and 97.97 deg.
Tau max (in plane) = 36.40 MPa
Tau max = 43.20 MpPa

__Tf_

CONTINUED




PROBLEM 7.C2 - CONTINUED

| 50 MPa

140 MPa

Fig. P7.66 and P7.67

Problem 7.66a: Sigma x = 140.00 MPa
T Sigma y = 20.00 MPa
Tau xy = 80.00 MPa

Angle between xy axes and principal axes
( + counterclockwise )
Theta p = 26.57 deg. and 116.57 deg.
Sigma max = 180.00 MPa
Sigma min = -20.00 MPa
Angle between xy axis and planes of maximum in-plane
in-plane shearing stress { + counterclockwige )
Theta 8 = 71.57 deg. and 161.57 deg.
Tau max (in-plane) = 100.00 MPa
Tau max {(out-of-plane} = 100.00 MPa

Problem 7.66b: Sigma x = 140.00 MPa
Sigma y = 140.00 MPa
Tau xy = 80.00 MPa

Angle between xy axes and principal axes
{ + counterclockwisge }
Theta p = 45.00 deg. and 135.00 deg.
Sigma max = 220.00 MPa
Sigma min = 60.00 MPa
Angle between xy axis and planes of maximum in-plane
in-plane shearing stress ( + counterclockwisge }
Theta s = 90.00 deg. and 180.00 deg.
Tau max {(in-plane} = 80.00 MPa
Tau max (out-of-plane) = 110.00 MPa

Problem 7.67a: Sigma x = 140.00 MPa
- Sigma y = 40.00 MPa
Tau xy = 80.00 MPa

Angle between xy axes and principal axes
{ + counterclockwise )
Theta v = 29.00 deg. and 119.00 deg.
Sigma max = 184.34 MPa
Sigma min = -4.34 MPa
Angle between xy axis and planes of maximum in-plane
in-plane shearing stress ( + counterclockwisge )
Theta 8 = 74.00 deg. and 164.00 deg.
Tau max {(in-plane) = 94.34 MPa
Tau max {(out-of-plane) = 94.34 MPa

Problem 7.67b: Sigma x = 140.00 MpPa
- Sigma y = 120.00 MPa
Tau xy = 80.00 MPa

Angle between xy axes and principal axes
{ + counterclockwise }
Theta p = 41.44 deg. and 131.44 dey.
Sigma max = 210.62 MPa
Sigma min = 49.38 MPa
Angle between xy axis and planes of maximum in-plane
in-plane shearing stress ( + counterclockwise )
Theta 8 = 86.44 deg. and 176.44 deg.
Tau max (in-plane) = 80.62 MPa
Tau max {(out-of-plane) = 105.31 MPa

T
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PROBLEM 7.C3

7.C3 (a) Write a computer program that, for a given state of plarie stress
and a given yield strength of a ductile material, can be used to determine
whether the material will yield. The program should use both the maximum-
shearing-strength criterion and the maximum-distortion-energy criterion. It
should also print the values of the principal stresses and, if the material does
not yield, calculate the factor of safety. (5) Use this program to solve Probs.
7.81 through 7.84.

SOLUTION
Prpycipor STREEES
< .f.Q'" . ~ Q‘g—0"3\2+~1
A
Go= ve + R
U; - G\;e - R

Maxirapm ~ SHEARING ~ S PSS CRIZERION 7; = -?"- G}

i T~ =/
IF U, anw 1g pHAvE SAME SI6H, o™ Z o

/F 7,;@, > 7;/ Yigeprrg OOCLES
IE Ta, < Ty, Mo YIELD1E oCC Dl AND
7y

aAciere oF smEE7TY = oo
e

Z
COMPUIE  RapIcal _—.VG;_ ~G 0,

/F PABIcAL U;J ﬁfz_p//y& Pt Ny i
JE fenutedl < Ny Ne YIFLD/NG G NE, AT
Y

FRETOR oF SHFETY =~ ar

g marm  CloreuT

Problems 7.8la and 7.82a Sigma x
Sigma y
_ Tau xy
Sigmax = 40.22 ksi
Sigmin = 16.78 ksi
Using the maximum-shearing-stress criterion:
Material will not yield
F.8. = 1.119
Using the maximum-distortion-energy criterion:
Material will not yield
F.8. = 1.286

36.00 kei
21.00 ksi
9.00 ksi

g # I

CONTINUED
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PROBLEM 7.C4

7.C4 (a) Write a computer program based on Mohr’s fracture criterion
for brittle materials that, for a given state of plane stress and given values of
the ultimate strength of the material in tension and in compression, can be used
to determine whether rupture will occur. The program should also print the val-
ues of the principal stresses. (b) Use this program to solve Probs. 7.91 and 7.92

)

N

and to check the answers given for Probs. 7.93 and 7.94.

SOLUTION
pPrRINCIPAL STRESSFES
Q;"'GTJ ’]',)‘-.(Tq \-z T
G_o\vz‘_ z R= V( =z / + 7;‘3

Yo = Vave +R
—
@":"'awe - R

MOMRYS FrRAeTuRE cfel7 FRIOM

1E N ame Ty pAVE SAME SN AN
ol T NG TR L E
’CL .T’L—)T f’}/“r‘f‘ :!b < e G ;

2
T>0r or V2 Ve , FANLURE

IF 'J;L>O AriD -.‘)J;&C) H

CONSIGER FouR™H G bASEETT OF Sg TeA7

qﬂl:"—“""" T —'—J

- o > o
, PR ers  RUPTHIE OLCURS
| T Tagn  FUP

Tur

Fol Mo CuPyulsE za dovnnds
Eomrr (oo )G';) KA LJE WITHIN
Mo s EmvELotE (FiIé.87)

——
‘ TeRion = T~
‘ CRITE Je a

N k[
l

T <
, l

/= Tb—< CRITELIGH,
Tren N RUPTUEE O ECUR S

&

S
‘-‘

PR0bRAM SUTFPUT

Problem 7.91 Sigma x = ~-8.00 ksi

_ sigma y = 0.00 ksi
Tau xy = 7.00 ksi

Ultimate strength in tension = 10 ksi

Ultimate strength in compression = 30 ksi

Sigma max = Sigma a 4.06 kai

Sigma min = Sigma b -12.06 ksi
Fig. P7.91 Rupture will not occur

CONTINUED
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PROBLEM 7.C5

'

7.C5 A state of plane strain is defined by the strain components €, €,
and ,, associated with the x and y axes. (a) Write a conliputer program that
can be used to calculate the strain components €., €, and v, associated with
the frame of reference x’y’ obtained by rotating the x and y axes through an

angle 8.

SOLUTION

{b) Use this program to solve Probs. 7.126 through 7.129.

FROLEPPM FOLLOWINE £ OUR7IoNS

falrn) &= 228 4 &G wcze vy, cize
FQ/?"‘.Q £\4= Lyt Fy _ fx;fs < 20 — ‘_é‘_a;ﬂc-ogzé,
£&.(744) a:;: ~(£,~€,) s 26 + ¥y, 05 28
ENTEE E}q Eﬁ ) K{‘:. Aare &

DRosPAM OvTPUT

Problem 7.126

Rotation of element,

Epsilon x'=
Epsilon y'=
Gamma x'y's=

Prcblem 7.127

Rotation of element,

Epsilon x'=
Epgilon y'=
Gamma x'y'=

Problem 7.128

Rotation of element,

Epsilon x'=
Epsilon y'=
Gamma x'y'=

Problem 7.129
Rotation of element,

Epsilon x'=
Epsilon y'=
Gamma x'y'=

t }
FEINT ViLugS ORTAINED Fol £, £, am

4

Epsilon x = -720 micro meters
Epsilon y = 0 micro meters
Gamma xy = 300 micro radians

in degrees ( + counterclockwise )
Theta = -30 degrees

~669.90 micro meters
-50.10 micro meters
-472.54 micro radians

Epsilon X =
Epsilon y =
Gamma xy

in degrees
Theta =

0 micro meters
320 micro meters
= =100 micro radians

{ + counterclockwise }
30 degrees

36.70 micro meters
283.30 micro meters
227.13 mi¢ro radians

Epsilon x = -800 micro meters
Epsilon ¥y = 450 micro meters
Gamma xy = 200 micro radians

in degrees ( + counterclockwise )
Theta = -25 degrees

-653.35 micro meters
303.35 micro meters
-829.00 micro radians

Epsilon x = -~500 micro meters
Epsilon ¥y = 250 micro meters
Gamma xy = 0 micro radians

in degrees ( + counterclockwise )}
Theta = 15 degrees

-449.76 micro meters
199.76 micro meters
375.00 micro radians




PROBLEM 7.Cé

EFER I ME STREHNS

7.C6 A state of strain is defined by the strain components €, €, and ¥,
associated with the x and y axes. (@) Write a computer program that canbeused
to determine the orientation and magnitude of the principal strains, the.mmmmnn
in-plane shearing strain, and the maximum shearing strain. (b) Use this program
to solve Probs. 7.134 through 7.137.

SOLUTION Pgrospas FiollowiNg  FQUAT /ong

(6 Ey ™ [ K"
£R(7.50) By 5;_*2’51 R=\/(—z“2—“”, +{ Ba)
£&d 250 L Eoue’ R Epp S Eave = o
Foinii :3,:{:- Fay —&LE —

*» 4
MAXIMUR (N PLANE SHER 108 S TR

FPPOL RN P INTDUT

Problem 7.134

-ZR
Wd"y.[m -P/q rf«’)

CALCULATE (UT-0r - FZANE SREaL T STRAIN  pap MBS
LOHETHEN 1T 10 THE AWM UM SHBARINE STLAN
Le7 £, 58,
é'é = Ennin
AL AFE 'Eﬁ:-— %/7(%455)

IF &z & PE 3 Xy imphine ™ Eu &

. [=12) sl
IF €, PEc7E & Ugpeof-pinme T2 "5 TXK

/F f > £ = :é# : YOUZ“ :_')f"— r“.-".) e T fC-- 3/5

Epsilon x = 160 micro meters
Epsilon y = -480 micro meters
Gamma Xy = -600 micro radians
na = 0.333

Angle between xy axes and principal axes (+ = counterclockwise)

Theta p = =-21.58 degrees

Epsilon a = 278.63 micro meters

Epsilon b = -598.63 micro meters

Epsilon ¢ = 159.98 micro meters

Gamma max (in plane) = 877.27 micro radians

. Gamma max = 877.27 micro radians

CONTINUED
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PROBLEM 7.C6 - CONTINUED

Problem 7.135

Angle between xy

Theta p

Epsilon a
Epsilon b
Epsilon ¢

Gamma max
Gamma max

Problem 7.136

Angle between xy

Theta p

Epsilon a
Epsilon b
Epsilon ¢

Gamma max
Gamma max

Problem 7.137

Angle between xy

Theta p

Epsilon a
Epsilon b
Epsilon c

Gamma max
Gamma max

Epsilon x = -260 micro meters

Epsilon y = -60 micrco meters
Gamma xy = 480 micro radians
nu = 0.333

axes and principal axes (+ = counterclockwise)
= -33.69 degrees

= 100.00 micro meters

= -420.00 micro meters

= 159.98 micro meters

{in plane) = 520.00 micro radians
= 579.98 micro radians

Epsilon x = -40 micro meters
Epsilon y = 760 micro meters
Gamma xy = 960 micro radians
nu = 0.333

axes and principal axes (+ = counterclockwise)
= -25.10 deyrees

= 984.82 micro meters

= -264.82 micro meters

= -359.95 micro meters

{in plane) = 1249.64 micro radians
= 1344.77 wmicro radians

Epgilon x = -300 micro meters

Epsilon y = -200 micro meters
Gamma xy = 175 micro radians
nu = 0,333

axes and principal axes (+ = counterclackwige)
= -30.13 degrees

= ~149.22 micro meters

= -350.78 micro meters

= 250.00 micro meters

(in plane) = 201.56 micro radians
= 600.77 micro radians




PROBLEM 7.C7

SAEARIHE STIHINS

7.C7 A state of plane strain is defined by the strain components €, €,
and v,, measured at a point, (a) Write a computer program that can be used to
determine the orientation and magnitude of the principal strains, the maximum
in-plane shearing strain, and the maximum shearing strain. {(b) Use this pro-
gram to solve Probs. 7.138 through 7.141.

SOLUTION
FROCPBM  Feo2lovwiréd EEVATIONS
) £ . N 3
ot £.: 2% pl(T o (Z2)

f@/ﬂﬁ/) £f))74;" Eav::_ + R é:mu:': g.:we - K

Yo

= tay R
57‘-“:_‘5

Fe (752) &,

MAXIMUM I~ PLANE <tle@fired S TTER 1A

X (in -'P/‘ﬂ‘ne’)‘: 2R

b

AL cuaTE OUT-0OF FLANE SHEARINE STRWY AND  CHECK

WAE T 2 75 1S THE JARRIMUIN  SHEFIHE € TR2AN

Ep2 Eomn
fﬁ ey

IF Eg P E, ¢ h/au-r-aﬁ-ﬂmvsr £ -£,

(P2t STRAYN)
/F 5(!72,‘5?6: b/aur'-of-ﬁdﬁﬂir fa-‘g-'-‘ ZR

IF E 78, 7E,0 Sovr-or-Pram™ £ - £,

Forcgmiie Fpirzauy

Problem 7.138

Epeilon x = -390
Epsilon y = -130
Gamma xy = 150

Angle between xy axes and principal axes (+ = counterclockwisge)

Theta p = 37.53 and -52.47 degrees

Epsilon a = -32,38 micro meters at 37.53 degrees
Epsilon b = -187.62 micro meters at -52.47 degrees
Epgilon ¢ = 0.00 micro meters

Gamma max (in plane) = 155.24 micro radians
Gamma max = 187.62 micro radians

CONTINUED
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PROBLEM 7.C7 - CONTINUED

Problem 7.139

Angle between xy

Theta p

Epgilon a
Epsilon b
Epsilon ¢

Gamma max
Gamma max

Problem 7.140

Angle between xy

Theta p

Epsilon a
Epsilon b
Epeilon ¢

Gamma max
Gamma max

Problem 7.141

Angle between xy

Theta p

Epsilon a
Epsilon b
Epsilen ¢

Gamma max
Gamma max

Epsilon x = 375
Epsilon v = 75
Gamma xy = 125

axes and principal axes (+ = counterclockwise)
11.31 and -78.69 degrees

387.50 micro meters at 11.31 degrees
62.50 micro meters at -78.69 degrees
0.00 micro meters

n#nH

{in plane) = 325.00 micro radians
= 387.50 micro radians

Epsilon x = 400
Epsilon y = 200
Gamma xy = 375

axes and principal axes (+ = counterclockwise)
30.96 and -59.04 degrees

512.50 micro meters at 30.96 degrees
87.50 micro meters at -59.04 degrees
0.00 micro meters

ni#un

(in plane) = 425.00 micro radians
512.50 micro radians

Epsilon x = 60
Epsilon y = 240
Gamma xy = -50

axes and principal axes (+ = counterclockwise)
7.76 and -82.24 degrees

= 243 .41 micro meters at 7.76 degrees
= 56.59 micro meters at 97.76 degrees
= 0.00 micro meters

{in plane) = 186.82 micro radians

= 243,41 micro radians




PROBLEM 7.C8

SHERRINE 5= T BRINS

FrRoiRrAM SUVTPUT

Problem 7.142

Epsilon x
Epsilon y
Gamma xy

Epsilon a
Epsilon b

Gamma max (in plane) =

nmnH

7.C8 A rosette consisting of three gages forming, respectively, angtes
@, 0,, and 8, with the x axis is attached to the free surface of a machine com-
ponent made of a material with a given Poisson’s ratio ». (a) Write a computer
program that, for given readings €;, €,, and €, of the gages, can be used to cal-
culate the strain components associated with the x and y axes and to determine
the orientation and magnitude of the three principal strains, the maximum in-

plane shearing strain, and the maximum shearing strain. (b) Use this program
to solve Probs. 7.142 through 7.145.

SOLUTION
FoR m=] 703, FN7ER &) ond E,
yTer M=
SOIVE Q5. (760 FOR £, E,, mo }{w uswé
ASETHO® o DE TERMINATYS O~ FINY OTHEE
ME guar,

LVTER £

ABARIAUAN 7= FLANE SHEARME S TRAIN

Y = ZR

et (Ih- p/dnv_)

CALLULATE OUT=0F = PLANE SHEARE STRAN,

MDD CHECH W HETHE? (7 7S THE MPX MU
SHEARING STIRATA,

/FE. < gé ¢
i~ £,5>£a. :

b;u?‘-o#—ﬂ;ﬂup: fd_—fc

Vovreor. pears ™ o€,
'S

OTHRNNISE ] Yosr oF - prome =
Gage theta epsilon
degrees  micro meters
1 30 600
2 -30 450
3 90 -75%
725.000 micro meters
~75.000 micro meters
173.205 micro radians
734,268 micro meters
-84.268 micro meters

818.

535 micro radians CONTINUED
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PROBLEM 7.C8 - CONTINUED

Problem 7.143

Epeilon x
Epsilon y
Gamma xy

Epsileon a

Epsilon b
Gamma max

Problem 7.144

Epsilon x
Epsilon y
Gamma xy

Epsilon a

Epsilon b
Gamma max

Problem 7.145

(in plane)

Gage

W N

379.808
460.192
-1339.230

1090.820
~250.820

OQOESEIVE THAT LRLE B Ix

JHE

theta epsilon
degrees in./in.
=15 720
30 ~180
75 120
in./in. <
in./in.
micro radians
in./in.
in./in.

1341.641 micro radians

v AvIS,

NN TETEL) R EODME

THELE FoRE

LENTER &, Avp £, AS &, AavD £
THE VACDOE OF £, THAT IS D& TIIED
15 Mpse Tue ExpPECTED CEADIME OF £4/8 2,

Gage

1
2

4 —» F

Epgilon x =
Epgilon y =
Gamma xy =

Epsilon a

Epsilon b =
{

Gamma max

420.000
-300.000
-210.000

435,000
-315.000

in plane) =

theta epsilon
degrees  micro meters
0 420
45 -45
135 165
micro meters
micro meters ]
micro radians
micro meters
micro meters
750.000 micro radians

Gage theta epsilon
degrees in./in.
1 45 =50
2 -45 360
3 4] 315
315.000 in./in.
-5.000 in./in.
-410.000 micro radians
415,048 in./in. <
-105.048 in./in.
in plane) = 520.096 micro radians






