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CHAPTER 2

SOLUTION (2.1)

Free Body: CD
> M =0: F,=17P A,
and
o :i Im
AB T A
1.7m
4—-
Fas B
g—> P
D

Substitute the numerical values:

50(10°) = et P=14.71 kN

SOLUTION (2.2)

(a) Free Body: Beam BCD

B

" 250 mm 100 mm

> M,=0: -R,(0.35)+T =0, T=0.35R, @)

Free Body: Rod AB

261 mm B Fas

\ e
I0kN A 75 mm
g AB = +/2502 + 752 = 261 mm
Ra 250 mm

> M, =0: 10(0.075)-R,(0.25)=0 R, =3kN
Equation (a):

T =0.35(3) =1.05 kN - m
(b)

> F,=0: 10—%% =0 F,;=10.44kN
Thus,

3
01 = 2400) 20 ggkn
0.5
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SOLUTION (2.3)

215m 258 kN 8,6 kN

|'—>To.72 T<—
B ¢ 1. C _ =
Fac 2

2.4m
Load resultants are shown in the figure (above). Hence

> My =0: 25.8(2.15)+8.6(2.15+0.72) - F,. i5(2.4) =0

or
Fuc = 74.68kN
Thus,
3
A =m =933.5(10"°) m* = 933.5 mm* = 908.4 mm? «
80x10

SOLUTION (2.4)
From geometry Sb=4: g=L

W, 2a « X
Bt W, = X '
and A =wit=%
Thus,
2L 2L
2L
§=[ fe=gf w=gemxy | g .
=%In2 B
SOLUTION (2.5)
J=2(75"-65)=21.661x10"° m* weld ,
X
¢=0.075 m 0 = 40°
T, =5, o,=0,=0

Using Eq. (1.11a);
o,'=0+0+7,, sin20

or
200(10°) = T0PXO%S) . T _ 58 65 kN - m -

21.661(10°%) ?

SOLUTION (2.6)
J, =2(0.03* —0.02*) =102.102(10®) m*

Statics: T, +T, =1 kN-m (a)
Geometry:
_ Tyb _ Tb
¢c T 2(0.03°-0.02)(42x10°) T Z(0.02*)(80x10%)

or
T, = 21328T, (b)
(CONT.)
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(2.6 CONT.)
From Egs (a) and (b):
T,=680.8 N-m T,=319.2 N-m

It is required that, ¢, = @ + Puc:
500-319.2b

001= ﬁ [680.8b +1000(05—-Db)] = m

Solving, b=0.223 m =223 mm

SOLUTION (2.7)
State of pure shear;, o0, =—0, =7

Emax = %(Gl - VGZ) = %(l"_ V)
Thus,
3
7 = Eome - 2206000 —171.4 MPa
We have
_ Ir _ 150(0015) _
J= T = a0 =13. 127(10 ) m*
Hence

J=2(30"-d"*)=13.172(10°) mm*
Solving, d = 28.68 mm

SOLUTION (2.8)

(3) Too = 35=350 =35 @
Oy = M = (pr@S/z) =3 ETLZ (b)
Thus,
Tmax /O-max = h/L (C)
Equation (c):
Lzh%zO.lS(%)zO.Q m «
(b) Equation (a):
Pan = %bT al = 4 °°5X°15 @. 5><106) 16.67 kN/m «
SOLUTION (2.9) D
gV 7
A L A é h
pL/2 pL/2
— X
M kN. m A Mmax— pL2/8 'pL/Z
20 X
(CONT.)
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(2.9 CONT.)

. _3V _3pL2_3pL
™ 2A 2 bh 4bh
S pL*/8(h/2) _ 3 pL”
] bh®/12 4 bh?
Thus,

Tmax /Gmax = h/L

For example, if L =10h , the above ratio is 1/10.

(@)

(b)

(©) “

SOLUTION (2.10) lP
L/2 C Lp

P/2 L P/2

V (kN) t P2

-P/2

" /m
(KN-m) T oy

From Table B.6:
. AV _4P2 2P
™3 A 3xc® 3rxc?
Also
_Me_4aM_PL
I o
Thus, Toax /O max = 2€/3L =h/3L

Orex

For example, if L =10h, the above quotient is 1/30 .

%_’X

SOLUTION (2.11)
1 1
| =—(120)(160)° — —(96)(124)*
12( )(160) 12( )(124)
=25.7(10°) mm*

(a) Maximum shear stress (at N.A.):
Q =(120)(80)(40) — (96)(62)(31)

=199.5(10%) mm?® «

il

A y
18

. _VQ _250(10°)(199.5x10°)
™ " lp  25.7(10°)(0.24)
—8.09MPa

(CONT.)
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(2.11 CONT.)

(b) Minimum shear stress (at section a-a):
Q = (120)(18)(80 - 9) = 153.36(10%) mm®
_VQ _ 250(10°)(153.36x10™°)

min = - =6.22 MPa «
b 25.7(10°)(0.24)
SOLUTION (2.12) oo
}
4 A A
=2 _ 1 oy !
12 12 7 < C a
4 —fle—
_2000 1 170)% = 63.73(10)° mm* !
2 12 .
(a) Maximum shear stress (at N.A.).
a,a a ..a .1
—adS-@-20& & -y
Q (2)(4) ( )(2 )(2 )(2)
~ (200)(100)(50) — (170)(85)(85)(%)
=385,875mm? «
3
_VQ _ 120010°)(385,875) _,, oo

Fmec = 1h T (63.73)(10°) (2 x 15)
(b) Minimum shear stress (at section A-A).
Q- at(% - %) — (200)(15)(92.5) = 88,425 mm’

_VQ _ 120(10°)(88,425)

T = S =5.55 MPa «
Ib ~ (63.73(10°)(2 x15)

SOLUTION (2.13)
We have
| - %(30)(150)3 _ 8.44(10°°) m*
Q, = (0.03)(0.05)(0.0625) = 93.75(10°) m*

[
i B ﬁ
DE ——25 mm é 150 mm
A T A
p2 |09 M P/2 . I‘?B mm

(CONT.)
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(2.13 CONT.)

M, =045P  V, =0.5P
o, = Mo _045P(0.025) 500
| 8.44x10

VQ _ 0.5P(93.75x10™°)

T = ~185.13P
Ib  8.44x10°(0.03)

Equation (1.13):

(6,)p =15%10° = 1333P \/(1333 +(185.13)°
= 666.5P + 691.7P =1358.2P
or
P, =11.04 kN «

SOLUTION (2.14)
Elw" =p="(-%x%), EWw"=%(x-%)+c
Boundary Condition;
w"(L)=0; ¢ =-5p,L
Elw'=% (L% - %) +cx +¢,
Boundary Condltlons.
EIW"(L) _ 0 C2 — p04|_2
" 4 3 2y2 4
Elw —mz (3L —8L°x + 6L°x° —x")
Elw'=25(3L'x -8L° % + 6L° % - %) +c,
Boundary Condition;
EIW'(O) =0; =0.
Elw=2% (3L4 X 4L3X—§+ 2124 — %) +¢,
Boundary Condition:
w(0) = o- c, =0

4 3 2,2 4
Thus, W= - (45L° — 40L°x +1512%% — x*) B
At x=L,
19 p, L* Rl
B = 360El 05 = Wg'= 1581 «
SOLUTION (2.15)
pa D
4 Refer to Table B.7 (Case 5and 7 ):
Vel by
M _ pa? v l l y 0 _i MgL _ pL(4a’+L%)
=75 (’///// L s 2er T 38T = 7 24E0
i B C Deflection W, of A due to only 6;:
L(4a%-1?
W, B 4 v o W, = Gza = %

Poa (CONT.)
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(2.15 CONT.)

Table B.7 ( Case 2 with b=0), cantilever:
W, = 24EI (4|— L)= 8EI
Total deflection
WA:W1+W :24E| (3L4+4a. L LS)

SOLUTION (2.16)

Elw" = p,sin®; Elw'"'=-p, (%)cos+c,
Elw"=—p,(£)*sin & +¢,x + ¢,

Boundary Conditions:
w'(0)=0, ¢,=0, w'(L)=0, ¢, =0
Elw'= p,(£)°cosZ +c,
Elw= p,(%)*sin®+c,x+c,

Boundary Conditions:
w(0)=0, ¢,=0, w(L)=0, ¢c,=0

Thus
W = 4E| Sln |_
3
Slope atx=0: 0, =w", (0) = :3; =—b;
SOLUTION (2.17)
K/FX —ﬂ lp ~ Symmetry
// p—
ey U™ R
2 2 RA = RB = % T
Segment AC
Elw" =0, Elw'=c, Elw'=cx+c,

Elw'=3¢,X* +C,X +C,
Elw=%c,x® +3c,x* +Cx +¢,

We have
Elw"(0)=c,=-V = -2
EW'(0)=c, =—(-M,): ¢, =M,
w(0)=0 c¢,=0, Ww(5)=0: MA:—MB:%V)
w(0)=0: ¢, =0

Equation (a) is thus
= 2967 (3|- 4x)

17


https://testbanks.ac/product/9781138032453-SOLUTIONS-5/

[CLI cK HERE TO ACCESS THE COMPLETE Sol uti ong

SOLUTION (2.18)

We have 250/2 =125 MPa . Equation (2.30b) gives the limiting value of
pressure for the tangential stress as

p = Jal _ 125400005 _ 3 195 \pg

r 0.2

Note that, the axial stress formula, Eq. (2.38a) requires

p=2%"=6.25 MPa

SOLUTION (2.19)

1'12 '1”’1“ V =3-15(1.2)=1.2 kN
M =3(1.5) -1 (1.2)(1.5)2 =3.15 kN-m
LA ?

M (/l > X Point A

° . c=M_0, g,=5=20005_4\py

7z 1.5m — R=3 kN O'X:Gazz MPa
Table B-4;
_VQ _ 12000(7111)(2%1) _

7= = ZE0) _ 153 kPa
Thus 7., =[(5%)? +(0.153)]% =1.012 MPa

0, = 3 tan " 551es = —40.65°
Point B;

o =M - ANO)__gno1kPa, r=7=0

7(0.5)%(0.005)
o,=0,=4 MPa, o,=2+0.802=2802 MPa
and

T =3(4-2.802)=599 kPa, 0, =45°

SOLUTION (2.20)

(a) 109:T A=2rrt
=27(250)(10) =15,708 mm?
e L = 5, =146 _100 MPa
a= Al o2t _ 500(10%) _
1 Oy = 15708009 +50=281.8 MPa

(b) T, =3[100-81.8]=9.1 MPa

\(a':go.g MPa
9.1 MPa 0 — 455 o'=1(c, +0,)=90.9 MPa
A\
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SOLUTION (2.21)

At a point on circumference, we have

== =25MPa, o, =50 MPa

Oa =%t = 20

_ P _ _ 5000% _
I O = 2 = Zrao0 @0 =9.947 MPa
-30(10%)(0.1)

—Tr _ -
T = = oo = 59.68 MPa

o, ©
— Thus
(71’2 — 34.92+50 i [(34.92—50)2 +59682]%
T

=4248 £ 6012
‘ o, or

o, =102.6 MPa, o, =-17.64 MPa
(a) ‘0'1‘ <o, [102.6| < 240 . no failure <

oL _ 02 _ 1. 1026 _ -17.64 __
(b) O'_i_cuc_ls 240 — 600 =1

or
0.428+0.029 < 1 .. no failure <

SOLUTION (2.22)

oy, = 10050 [(710(;50)2 +302]%

or
o,=-36 MPa, o,=-114 MPa, o, =60 MPa
(a) n=|2=[%=25
or n =} =132 «
(b) -0 =71, 04+019=+
Solving n=1.7 «

SOLUTION (2.23)

We have oa =250/2.2 =113.6 MPa. From Eq. (2.38b) we find that the limiting value of pressure
_ o,t 113.6(10°)(0.0036)

all

= = 454.4kPa
r 0.9

for circumferential stress. The axial stress is thus

ot
p=2 =" =908.8 kPa
r

Comment: The gage pressure may not exceed 454.4 kPa.
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SOLUTION (2.24)

The tangential, axial, and radial streses are:

r r
Gezp—=25p o :p—=12.5p o,=0

t o2t ’
(a) Using Equation 2.42a, we have:

25p = %(260)(106), p=5.78 MPa

(b) From Equation:

260
p(252-25x 12.5 + 12.52)12 = I8 p = 6.67 MPa

Comment: The allowable value of the maximum pressure is limited to 5.78 MPa.

SOLUTION (2.25)

At a point on the surface of the shaft, we have

— J =% (75)* =3.106(10°) mm*

{ A=z(75)° = 4.418(10°) mm?
o _p __ 40(10%)
‘ o =% =1 = 9.054 MPa

JE— .
= % — 6(10°)(0.0375) — 7244 Mpa

>|o

3.106(107%)
Thus
Oy, = 29 1+ [(24)? 4 72.447)% = 4527 + 72581
o,=7711MPa, o, =-68.05 MPa
(a) 20 - [(7711)* - (7711)(-68.05) + (—68.05)]*
or n=1.99 )
( b ) ‘O-l — 0, = %, |7711+ 6805| = 2_r5]0
or n=1.72 :

SOLUTION (2.26)

At the fixed end A(see Fig. P2.26):
T=12R M, =1.6R V,=-R

y
The effect of Vy may be neglected. Thus, at a point A on the top of the bar at the fixed end:

- 32|\£I _ 32(1.6R3 _7545R
‘ A | nd 7(0.06)
T=— 161; = —16(1'2R2 =-2.829R
— nd 7(0.06)

(CONT.)
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(2.26 CONT.)

Then

o, - 7.5;15R i\/(zsgsR)z + (L2.829RY

0, =8.487x10°'R  0,=-0.943x10°R 7, =4715x10"R

6
(a) %:4-715&04& R =1.45kN )

(b) of-0,0,+0; =(c,/n,)°

[8.4877 —8.487(~0.943) + (~0.943)2]2(10°)R = 240x10° /1.9
or
R =1.404 kN «

SOLUTION (2.27)

=

—

At the fixed end:
T=12R MZ:1.6R

P=50R V,=-R

y

The effect of Vy may be neglected. Therefore, at point A:

o—)(':%:%zl.?GleOﬂ'R

4
"= ;23 _ iigf;g —7.545x10°R
po 16T _ _16U2R) _ 5 g9,10°R

" 72d® 7(0.06)°

o,, =10° R[g':’;13 n \/(9'213)2 (-2.829)]
0,=10.106x10°R o, =-0.793x10°'R 1, =5.449x10'R
6
(a) %:5.44%104& R =1.26kN «

(CONT.)
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(2.27 CONT.)

(b) [0} -0,0, +022]% =_r

2
10*R[(10.106)? — (10.106)(—0.793) + (~0.793)2] % = 240x10° /1.9
Solving,
R=1.2 kN «
SOLUTION (2.28)
Y Using equations of statics;
AVll llllvB __+Qb R—p—L-I-%
A A A L B~ 2 L
- x +D “« X' Then
< L > X2 ' X.Z .
My = RAX+pT’ Mgy = RBX+pT,
M _ bx Map _ ax'
Q T QR TL

Applying Eq. (2.57):
a b
Wy = gt [ (Lx = x*)(bx)dx + | (Lx-x? )(ax')dx']

Integrating, we have

W, =z [4L(a® +b%) - 3@’ + b)] .
SOLUTION (2.29)
Q
v l l l v Segment AC
A B -
B Q“_ _" c LX'— Q Ml:_ 2)X W:%
Tl 5 +3  Segment BC
le—L/2 —>«—L/2 — SpL 2 A
M, = (5 +2x-", T =%

Let Q=0, Thus, Eq (2.57):

Elw, = IZPLXde+I (%x——) dx—%’i—

or We = 768 &I |

We have
M B = Px MBC = Pa

5v :%J. Mi%dx
SIJT (Po(X)dx + [ (Pa)(@)dd]
:EL(a +a L)_SEI (a+3L) «

.

(CONT.)
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(2.30 CONT.)

(b) AddQ at A. Hence,
2 Mg - Mg
Oy :é[J.o M = dX+j0 Mpgc x5 dx,

where  M,; =PX, My, =Pa+Qx
Let Q=0, Then

5, =0+ ] (Pa)(x)dx =

(c) AddCat A. We have
_EIJ-M, — dx where M ,; =Px+C, My =Pa+C

0, = &[[ (Px+C)dx + [ (Pa+C)dx]
For C=0:
0, =& (% +al)=2(a+2L)

SOLUTION (2.31)

1 ) My My =Rx+ M, Mg =Rx+M-P(x-73)

(a)MC
4" :ﬁJ.MléMdX W_EIJ.M|0”RdX

We have
0, =2 AJ, (R M)dx+ [ [Ra+M - P(x—$)k3

\\\\\\\\\\

y L (@)
W, = ﬁ{J-O (RXx + M)xdx + .[%[Rx + M — P(x — %)]xdx}

Boundary conditions are 8(0) =0 and W(0) = 0. Thus, after integrating Egs.(a):

_RZ , ML PZ _
O, = 267 + B —3Er =
_ P ML2 5pL%
W, = g1 + 2er — ager = 0
From which

RL2+2ML = 2&
R +3MLZ =2PL°
Solving
M=-5t =85 R:%T

(¢) o= &1 (Rx+ My = & 1] (5 x —E)xex]

P _
= 10281 = Winax |}
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SOLUTION (2.32)
M B

)
B
£

v\l\/l
% W
A T_X_J c
RA
—a a—™"

Statics:

D.F =0
D My =0

Mg :_%:%D

or

M, = RX, Mg =R x-M
w, :ﬁj‘ M, F-dx
a 2a
w, =[] (RX)(x)dx + [ (Ryx = M)(x)dx]
=3 3% =0

R, =-R, |
M, — M+ R,(2a) =0
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