Extra Problems for Mechanics of Materials 2-Chapter 6 1

In the Name of GOD

Problem 6-1 For the given state of stress, determine the normal and shearing stresses exerted on the

oblique face of the shaded triangular element shown.

1o 15 MPa
‘ Answer: ﬁ Answer:
40 MPa o [ Pommess -
o =-0.521 MPa _ I} | 127 MPa | O = 49.2 MPa
Y N 7=56.4 MPa | 7=2.41 MPa
18 MPa
SOLUTION 30 MPa T 80 A cos S5
ACus 5§°
S5 s .
o e, ‘ o Acings?
A a ————
3 <
GA
Stresses Areas Forces
t/3F = 0: 04— 804 cos55° cos55” + 404 sin 55° sin 55° = 0 o =-0521MPa 4
o = 80 cos’55° — 40sin” 55°
. © i 550 . o o T =564MPa 4
+\ LF =0: 74 -804 cos 55 sin 55 — 404 sin 55%cos 55
T =120 cos 55° sin 55°
SOLUTION HE MBy U5 Acosl5®
81 Bhons]
X oesls |
1§ 27MBa, Acos 157 27TA sinlS®
re g_A
G 12 MPa. AS'MS"
‘3 Aslhl's-
Stresses Areas Forces
"}-’f YF=0: 0A+184 cos15°sin 15° o= —18 cos 15° sin 15°—45 cos” 15°
+454 cos 15°¢cos 15°—27 .4 sin 15" sin 15° +27sin? 15°—18 sin 15° cos 15°
+ 184 sin 15° cos 15°=0
o=-192 MPa 4
N XF=0: 7A+184 cos 15° cos 15°
454 cos 15°sin 15° T =-18(cos® 15°—sin® 15°) + (45 + 27)cos 15° sin 15°
—274 sin 15° cos 15°
. , T=241MPa 4
—184 sin 15%sin 15°=0
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Problem 6-2 For the state of stress shown, determine oy,
two values of o, for which the maximum shearing stress B

1s 10 MPa. S MPa

Answer: 2.00 MPa; 9.33 MPa. / |
14 MPa
Note that the following solution is for English units, z ‘x‘ e

however, the procedure is the same.

SOLUTION
. . . o, -0,
o, = 14ks1, Ty = 8ks1, 7., =10ksi Let u = f o, =2u+o,
_ ]= _ 3 3 3 3
T e = E(Jr T 0_,1:] =0, Tu R= -||IH_ + T;j. = iqlllR_ - T;:I
Case (1) Tpae = &£ = 10 ksi. w = 16 ksi
(la) u=+6kst 0, =2u+0, =20ks1 (reject)

1 : . .
Toe = ;{G‘x +0,)=20kst. 0,=0,,+R=30kst. 0, =0, —R=10ks1

Omax = 30 kst Opp =0, T, = %(am —0,.) =15ksi # 75 ksi

(1b) u=—6ksi 0, =2u+0, =2kst

T e = %(crx +0,)=8kst. 0,=0,.+R=18kst. 0, =0, -~ R=-2ka

Opee = 18ks1, o, =—2ka, 7 = %{O’M —Op) =10ks1 (0ok) o, =200ks 4
Case (2) Assume g, = 0. Ty = 2T = 20ks1 =07,
O, =0, tR=0,+tu+ 1||H: + 1';11 g, —F, —u= .,/H: + r;
(0, -0, - u? =u’ + T% (o, — ch)z -Ao, — 0o )u+ w =t + r;"_l
2o Gem O~ Q-1 -8 e

T, — O, 20-14

u=-23333kst 0, =2u+0, =93333kst

T e = %{ax +0,)=11.666Tksi R=u’ +7) =83333ksi Op = Oy + R =20ksi

Op = Oy —R=33334ksi  Oumm = 20ksi. Opy =0. Tpy =10ksi o, =933 ksi «
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Problem 6-3 For the state of stress shown, determine the value y

of 7y, for which the maximum shearing stress is (a) 60 MPa, (b) 40 MPa

78 MPa.

Answer: (a) 40.0 MPa (b) 72.0 MPa X
/ 100 MPa

SOLUTION

o, =100 MPa. 0, =40 MPa. 0. =0 o

ave

(@)  Tyu =060 MPa.

1 \
=50, +0,)=T70 MPa

Ifo,1s0,,.theno, =0, +27, . O o = 0+ (2)(60) =120 MPa

a

max

=0,. TR

R=0,, —0,. =1

ave

20-70=50 MPa

0, =0, —2R=20MPa >0

+72 =./30% +72 =50 MPa

(b) 7, =78 MPa.

If 0, is 0. then 0, =0, +27,, =0+(2)(78)=156 MPa.

J]IIBX = JB'L'E' + R

7, =40 MPa 4

R=0,, —0,.=156—70=86 MPa> 7,__ =78 MPa

Set R=tr _=78MPa. o =0,

[es=

N _
T, = \78% —30°

—R=-8MPa<0

ave

2 2 2
+7, :,/3[] +17,,
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Problem 6-4 For the state of stress shown, determine two y
values of g, for which the maximum shearing stress is 80 MPa.
a,
Answer: —40.0 MPa; 130.0 MPa. /
’77 S 90 MPa
- > s
T = x

# 60 MPa

Mohr’s circle of stresses in zx-plane:

= /452 4 60% = 75 MPa

71 (MP)

SOLUTION
o, =90MPa, 0, =0. 7, =60MPa
1 , (0: =0y | |
Ouwe = (05 +02) = 45 MPa R = ‘ N R
0,=0,.+R=120MPa. 0, =0, —R=-30MPa
Assume Opax = 0, =120 MPa.
Oy = Omin = Omax — 2Tax
=120 — (2)(80) 0, = —40 MPa <
Assume Omin = 0p = —30 MPa.
Oy = Opax = Omin + 2Ty
= =30+ (2)(®) 0, =130 MPa 4

£
\

Problem 6-5 The pressure tank shown has a 8-mm wall

thickness and butt-welded seams forming an angle f=20°
with a transverse plane. For a gage pressure of 600 kPa,
determine, (a) the normal stress perpendicular to the weld, (b)

the shearing stress parallel to the weld.

Answer: (a) 33.2 MPa (b) 9.55 MPa

0, = =59.4x10°Pa

t 8x107°
o P _ (600x10%)(0.792)

: _ =29.7%10%Pa
2t (2)(8%107%)

SOLUTION T3
1
d=1.6m t=8x10"m r=—d-1=0792m S
oro_ (600)(]03)(0.792) o . 7_/ c s
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1 ‘ 1
Ope =7 (0, +0,) =44.56x10°Pa R=—(0,~-0,)=14.85%10"Pa
(a) G, =0, Rcos40°=33.17x 10° Pa =332 MPa <
(b) 7, =R sin40°=9.55x10°Pa 7, =9.55 MPa 4

w

Problem 6-6 For the tank of the previous problem, determine the largest allowable gage pressure,
knowing that the allowable normal stress perpendicular to the weld is 120 MPa and the allowable

shearing stress parallel to the weld is 80 MPa. Answer: 2.17 MPa .

SOLUTION T
1
d=1.6m 1=8x10"m r=—d-7=0.792m m
2 (=4 i 2 < | 6

T r | 3 pr 2
lep_ JE:p_ Jare:_(o-l-i_o-l.):;p_

f 2t 2 4 1 v

S W
2t

1 l pr or
R=—(0,-0,)=—* <

2( 1 L) A ¢ | | T
0, =0 —Rcos40° = 2 - Looga0° | B~ 558520

L4 4 )t t
1 20x10° -

p=_Tul  _(20X10)EX10 ) _, 17, 106pa =217 MPa

0.55857  (0.5585)(0.792)
7, =R sin 40°=| —sin40° | £- = 0.1607£-

! )t t
7t 80x10°)(8x10°°

p=—2 _{ : )‘( ) —5.03%10°Pa = 5.03 MPa

0.1607r (0.1607)(0.792)
The largest allowable pressure is the smaller value. p=2.17 MPa 4

Problem 6-7 The pressurized tank shown was fabricated by

welding strips of plate along a helix forming an angle f with a

transverse plane. Determine the largest value of £ that can be

used if the normal stress perpendicular to the weld is not to be

larger than 85 percent of the maximum stress in the tank. Answer: 56.8°
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SOLUTION T )
W
7 r 3
Jl:p 3:p_ ave :_("‘j—l-i_"‘j-'-']':__I Qﬁ
4 2t 2 4 ¢
~ | : 2 { G
Rzgl 9 __ P o,=0,,.—Rcos 2
2 4t _J
DSSE—I—— cos 23 |22 2t
t 4 t 0.858 —
. 3 _ or r
cos :,{iz—J,Jﬂs-i—I ——04  2B=113.6° t
p=568° 4
Problem 6-8 The compressed-air tank 4B has an inner il
750 mm

diameter of 450 mm and a uniform wall thickness of 6 mm.
Knowing that the gage pressure inside the tank is 1.2 MPa,
determine the maximum normal stress and the maximum

in-plane shearing stress at point a on the top of the tank.

Answer: 0, =451MPa; r, (in-plane)=9.40 MPa.

500 mm

1
SOLUTION Internal pressure: r= ;cf =225mm = 6mm
e : 2)(225 '
o =2 - (li)é ) _ 45MPa 0, = 2 = 225MPa
: f i

& Torsion: ¢; = 225mm. ¢, = 225+ 6=231mm

T .
J = 7((’3 - cf) = 446.9 x 10°mm* = 446.9 x 10 m*

T =(5%10°)(500%107) = 2500 N - m

T 2500)(231x 1072
500 mm = Te _ (2500 : ) 1292 % 10° Pa = 1.202 MPa
J 446.9 X 10”

Transverse shear: 7 = 0 at point a.

. 1 -
Bending: I = ?J =22345%x10%m*, ¢=231x10"m

-




Extra Problems for Mechanics of Materials 2-Chapter 6

7
At point a. M = (5%10°)(750%107) = 3750 N - m
« 50) (23 -
o= Me _ (3750)( lxlii; ) — 3 88 MPa
I 223.45x10°
Total stresses (MPa).
Longitudinal: o, =225+ 388 = 26.38 MPa
Circumferential: o, = 45 MPa
Shear: 7., = 1.292 MPa
| | (o -0 )
Ope = = (0, + 0,) = 35.69 MPa R= ‘ Zx Tr | 472 =9.40 MPa
2 2 .
Opox = Ope + R = 45.1MPa O = 45.1MPa <
Tpax(in-plane) = & = 9.40 MPa T (in-plane) = 9-40 MPa 4

Problem 6-9 For the compressed-air tank and loading of the previous problem, determine the
maximum normal stress and the maximum in-plane shearing stress at point b on the top of the tank.

Answer: 0, =451MPa; r, (in-plane)=7.49 MPa.

1
Internal pressure: 7 = :d =225mm [ =6mm

_pr_ (1L.2)(225)
t 6

S
|

= 45MPa

— = 22.5MPa

Torsion: ¢ = 225mm. ¢, = 225+ 6=231mm

T
J = —(C‘j - c*f) = 446.9 x 10°mm* = 446.9 x10° m*
T = (5%x10%)(500x107) = 2500 N - m

o _Te _ (2500)(231x 107%)
J 446.9x107°

=1.292 x10° Pa = 1.292 MPa

Transverse shear: 7 = 0 at point b.
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1
Bending: I=—J=22345x10°m", c=231x10"m

-

At point b, M =(5x10°)(2x 750 x107) = 7500 N - m

. 500)(2 B
o= Me _ (1500)@231x107) _ . ooy ip

I 223.45%107°

Total stresses (MPa).

Longitudinal: ¢, = 22.5 + 7.75 = 30.25 MPa

Circumferential: o, = 45 MPa Shear: 7,, = 1.292 MPa
_ 1 Y — 217 695 _ 'J.r — 0y ) 2 _ _
Ope = 5Oy +0y) =37.625MPa R =, [| =——| 473, = 7487 MPa
Opox = O + R = 45.1 MPa O = 45.1MPa <
z'max[1'r_1—pl:ul£-:| = R = 7.49 MPa fm:;:{[m—plane} = 7.49MPa «

Problem 6-10 The rosette shown has been used to determine the
following strains at a point on the surface of a crane hook:
g=420u &, =-45u &,=165u

(a) What should be the reading of gage 3? (b) Determine the

principal strains and the maximum in-plane shearing strain.

Answer: (a) —300u (b)435u,-315u,750u

SOLUTION
(a) Gages 2 and 4 are 90° apart.

1 L1
Ee =5 (& +6,) = —(=45X107° +165x10°) = 60x10 "y
Gages 1 and 3 are also 90° apart.

1
Ee =56 +8) £ =2 —£=(2)(60x10°)-420x10"°

£ =-300x10"°, <

(b) &, =£=420x10"n/in &, =£ =-300x10"y
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Vi =28, — 8 — £ = (2)(—45x107°) = 420x107° = (-300x10°)

=-210x10"%

R ‘ £, &, |+[ - ‘ _ ‘” 420%107% — (=300x107%) | ‘ 210x10°
.L 2 2
=375%10"%

£, =€, +R=60x10"°+375x107° £,=435x10°%,; <

g, =€, —R=60x10"°-375x10"° £ =-315x10"°% 4

Vnax (in-plane) = 2R Vinax (in-plane) = ?Sﬂxl[}‘ﬁﬂ |

Problem 6-11 The strains determined by the use of the rosette attached as
shown during the test of a machine element are

£=-931u &=385u &=210u

Determine (a) the orientation and magnitude of the principal strains in the

plane of the rosette, (b) the maximum in-plane shearing strain.

Answer: () 30.0°,120.0°, 560 u, —140u (b) 700

| 1 o
g=—(e_+¢e )+—(¢£ —.E.‘.jcos(—lﬁﬂ")+}f—‘s111(—150°}
1 > x ¥ 2 x ¥ -

1 1 ;.
£ :;(&‘x +&,)+(&, —£,)cos D—Ir%sm 0

- - -

£ = %(f‘ +&, J+— (E —£, Jcos (150° }+y sin (150°)

- _

X

From Eq. (2). £, =£ =385x1 0,
Addmng Eqgs. (1) and (3).

g t+e;=(£,+¢€ ) +(e,—€ )cos 150° =£,(1+cos 150°) + £, (1—cos 150°)

SOLUTION
1 1 Vay
Use £ = ?(Ex +£) "'7(5} — £ )cos 260 +— p sin 26
where 6#=-75° forgagel, 6=0 for gage 2. @#=+75° for gage 3.
and

(1




Extra Problems for Mechanics of Materials 2-Chapter 6

10

£
? (1—cos 1507) 1—cos 150°
5
=35.0x10 Jii
Subtracting Eq. (1) from Eq. (3). £ — & =}, sin 150°

g -g  210%x10° —(-93.1x10°°%)

1 1
e == (8, +£)) :?(SSSXIO_G +35.0x10°°) =210x1075,

-

R= \{ £.—& | + }’_ﬂ‘ |(385%10°-35.0x10° | (6062
2 2 ) 2 I
g, =€, +R=210x10"° +350.0x10°° £, =560x1075, |

£, =€, —R=210x10"°-350.0x10"° g =-140.0x107, <

\ ymax in-plane _ 6
(b) %:R:.%SO.OXIO Y ima (i planey = 700X 1075,

g 48—, (1+c0s150°)  -93.1x107° +210x107° —385%x10 °(1+ cos 150°)

, = = =606.2x1079
o = n 150° sin 150° ’ #
- 606.2x10°° .
tan 20, = ———= — —-=1732 (a) 6 =30.0° 6,=1200° 4
£,—£, 385x10°-35.0x10

=350.0x10°°

<

Problem 6-12 Show that the sum of the three strain
measurements made with a 60° rosette is independent of the

orientation of the rosette and equal to &, + ¢, + ¢, =3¢, where

:3\( 60°
&, 18 the abscissa of the center of the corresponding Mohr’s

2

g

I\

circle. . x
SOLUTION
E.— £, .
g =g, +— . cos 2€+}{'T“si11 20 (1)
E-‘f_g_l' o) }(J‘J' : o
£y = £y T C0s (20 +120°) +—=sin (26 +120°)

g —¢ ( Yoo 3 "
3 + 2 cos 26

2

1 3. ) 1
——Cos 29—£5111 28 ‘ ——sin 280 + —
2 2 | 2 2

“ave -

£ -¢, . | - . |
=£__+— . L (cos 120°cos 26 —sin 120%sin 26) + 22 (cos 120°sin 26 + sin 120°cos 26)
p .

)
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E_—E

x ¥

cos (26 +240°) + %sin (26 +240°)

£, —€

'y

- “~

{ 1 V{;

-~

2

g —¢ | , 1oy,
r v sin 29‘+—x}
2 2

1
——cos 20 +
2

ave ~

- e Pl =

Adding (1). (2).and (3). £ +¢&,+£, =3¢, +0+0

. : Ve . .
(cos 240°cos 260 —sin 240°sin 28) + = (cos 240°sin 26 +sin 240°cos 26)
2
—?sin 26 ———cos 260

3£, =& +E, &

(3)

<

11

Problem 6-13 A single strain gage forming an angle f with a
horizontal plane is used to determine the gage pressure in the
cylindrical steel tank shown. The cylindrical wall of the tank is 6-mm
thick, has a 600-mm inside diameter, and is made of a steel with

E =200 GPa and v=0.30. Determine the pressure in the tank
indicated by a strain gage reading of 280 u (a) for f=18°, (b)

L =35°. Answer: (a) 1.421 MPa (b)1.761 MPa

Py

SOLUTION (a)

[Draw Mohr's circle for strain. VL

-
3

1 o
£ =—(&, +£,)=0525—
2 : E

1 o
R=—(e, —£,)=0325>

2 E
o-.‘f

e =€, +Rcos 23=(0.5254+0.325¢c0s 2/3)

10, tEE

r 1(0.525+0.325c0s 2/3)

p:

P Far—3]

1 1
Data: = 7{.’ = (600) =300 mm = 0.300 m

t=6x10"mm E=200x10"Pa.

£,=280x10"° B=18°
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6x107)(200%10°)(280%x10°°
( X X ) =1.421%10°Pa p=1421MPa 4
(0.300)(0.525 +0.325 cos 36°)
SOLUTION (b) Y
6.
or 1 | 1
0, =0, = 0,=—0,. 0,=0
! - - ——-ﬁ.s;(
1 (o)
£, =—(0,—vo, —v0,)=|1-+ |Zr =0.85% %
E v 2 E E !
1 o, T_
e, 1 v, +0, —m)—\— ‘ 02025 5 =% _g
Y E 2 JE E v G
Draw Mohr’s circle for stram. 'ﬁti'r
]
K
e :%(.ejr +e)=05252x
- 26
<O Y c
——(E‘ —£,)=0325— ¢ X
E
g.=¢€,. +Rcos2f
PR
=(0.525+0.325cos 2/%)
_to, tEE .
B T 0525+ 0325 cos 2/9)
Data: r :%d :%(600) =300 mm =0.300 m
t=6x10"m E=200x10°Pa. £,=280x10"° [B=35°
6x107°)(200x10°)(280x107°
:( X X JI:1.7"11‘51)(1(]'6 Pa p=1.761MPa 4
(0.300)(0.525 + 0.325 cos 70°)

12



