
11

CHAPTER 2 

SOLUTION (2.1) 

Free Body: CD

0 : 1.7C ABM F P 
and 

AB

AB

F

AB A
 

Substitute the numerical values: 

6

6 1.7

500(10 )
50(10 ) P

 , 14.71 kNP 

SOLUTION (2.2) 

( a ) Free Body: Beam BCD

0 : (0.35) 0, 0.35C A AM R T T R     (a)

Free Body: Rod AB  

2 22 5 0 7 5 2 6 1 m mA B   

0 : 10(0.075) (0.25) 0 3 kNB A AM R R   
Equation (a): 

0.35(3) 1.05 kN  mT   

     ( b ) 

250
0 : 10 0 10.44 kN

261
x AB ABF F F   

Thus, 
310.44(10 )

20.88kN
0.5

AB  

P 

1 m 

FAB

1.7 m 

D 

B 

C 

75 mm 10 kN 

B 

A

261 mm 

RA

FAB

250 mm

RA

P A

B

T 75 mm

mmmn.

250 mm 100 mm 

C
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  SOLUTION (2.3) 

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

1
0 : 25.8(2.15) 8.6(2.15 0.72) (2.4) 0

5
B ACM F    

or 

74.68kNACF 

Thus, 
3

6 2 2

6

74.68(10 )
933.5(10 ) m 933.5 mm

80 10
ACA   


2908.4 mm

SOLUTION (2.4) 

From geometry    d L
a

d
a

 2 ; d=L

a
L

w

x
x ; w xx

a
L

and   A w t xx x
at
L 

Thus, 

    Pdx
A E

PL
atE

L

L
dx
x

L

L
PL
atE L

L

x
x

2 2
2ln |

 PL
atE ln 2

SOLUTION (2.5) 
4644

2 m10661.21)6575(  J

c=0.075 m   40o

  xy
Tr
J x y  , 0

Using Eq. (1.11a); 

  x xy' sin  0 0 2

or 

200 106 0 075 0 985

21 661 6( ) ;
( . )( . )

. (10 )
 

T
mkN65.58 T

SOLUTION (2.6) 
4844

2 m)10(102.102)02.003.0(  
bJ

Statics:     mkN1  bs TT                                                                                (a) 

Geometry: 

  c

T b T bb s 
  2

4 4 9
2

4 90 03 0 02 42 10 0 02 80 10( . . )( ) ( . )( )

or 

T Tb s 21328.                                                                                          (b) 

          (CONT.) 

weld x'

x


50o

2a
a

P P 0

L d

x

wx

B 
FAC

C 
2

8.6 kN

2.4 m 

25.8 kN  

0.72 m

2.15 m    

1
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(2.6 CONT.) 

From  Eqs (a) and (b): 

mN8.680 bT mN2.319 sT

It is required that,   A C AC  :

0 01 8 1000 0 51 500 319 2

102 102 42 108 9. [680. ( . )] .

. (10 )( )
    

J E
b

b b
b b

Solving,  b=0.223 m = 223 mm 

SOLUTION (2.7) 

State of pure shear;     1 2  

   
max ( ) ( )   1

1 2 1E E

Thus,  

MPa4.17133.01

)1900)(10(120

1

3
max  

 E

We have 
49

)10(4.171

)015.0(150 m)10(127.136  
TrJ

Hence 
4344

32 mm)10(172.13)30(  dJ 

Solving, mm68.28d

SOLUTION (2.8) 

     ( a ) 
23 3 3

max 2 2 4

pL pLV
A bh bh    (a)

2 2

3 2

( 8)( 2) 3
max 412

pL h pLMc
I bh bh

    (b)

Thus, 

max max h L   (c)

Equation (c): 
9

1.50.15( ) 0.9 mall

all
L h 

  

     ( b ) Equation (a): 
60.05 0.154 4

3 3 0.9 (1.5 10 ) 16.67 kN mbh
all allLp     

SOLUTION (2.9)

          (CONT.) 

p
w

pL/2pL/2
L 

pL/2

x 

Mmax= pL2/8

V, kN

x 

b 

M kN m

h 

-pL/2
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(2.9 CONT.) 

max

3 3 2 3

2 2 4

V pL pL

A bh bh
    (a)

2 2

max 3 2

8( 2) 3

12 4

Mc pL h pL

I bh bh
    (b)

Thus, 

Lhmaxmax  (c)

For example, if hL 10 , the above ratio is .101

SOLUTION (2.10)

From Table B.6: 

max 2 2

4 4 2 2

3 3 3

V P P

A c c


 
  

Also 

max 3 3

4Mc M PL

I c c


 
  

Thus,      LhLc 332maxmax 

For example, if hL 10 , the above quotient is 301 . 

SOLUTION (2.11) 

3 31 1
(120)(160) (96)(124)

12 12
I  

6 425.7(10 ) mm

( a ) Maximum shear stress (at N.A.): 

(120)(80)(40) (96)(62)(31)Q  
3 3199.5(10 ) mm

3 6

max 6

250(10 )(199.5 10 )

25.7(10 )(0.24)

VQ

Ib







 

8.09 MPa
          (CONT.) 

4

4

c
I




L/2 L/2

M  

( kN m  )

P 

P/2P/2
L 

P/2

x 

PL/4

V  ( kN)

x 

h=2c 

-P/2

C

y 

a 

z 

120 

18 

12 

160 

18 

C 
12 

a 
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(2.11 CONT.) 

     ( b ) Minimum shear stress (at section a-a): 
3 3(120)(18)(80 9) 153.36(10 ) mmQ   

3 6

min 6

250(10 )(153.36 10 )
6.22MPa

25.7(10 )(0.24)

VQ

Ib







  

SOLUTION (2.12) 

4
41

( 2 )
12 12

z

a
I a t  

4
4 6 4200 1

(170) 63.73(10) mm
12 12

  

( a ) Maximum shear stress (at N.A.). 

1
( )( ) ( 2 )( )( )( )
2 4 2 2 2

a a a a
Q a a t t t    

1
(200)(100)(50) (170)(85)(85)( )

2
 

3385,875mm
3

max 6

120(10 )(385,875)
24.22 MPa

(63.73)(10 )(2 15)

VQ

Ib
   



     ( b ) Minimum shear stress (at section A-A). 

3( ) (200)(15)(92.5) 88,425 mm
2 2

a t
Q at   

3

max 6

120(10 )(88,425)
5.55 MPa

(63.73(10 )(2 15)

VQ

Ib
   



SOLUTION (2.13) 

We have 

3 6 41
(30)(150) 8.44(10 ) m

12
I  

6 3(0.03)(0.05)(0.0625) 93.75(10 ) mDQ  

          (CONT.) 

y 

t 

z 

a 

A A

t 

C a 

D 

1.2 m 

P/2 P/2

25  mm 

 1.2 m 

150 mm 

30 mm 
0.9 m 

 P 
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(2.13 CONT.) 

0.45 0.5D DM P V P 

6

0.45 (0.025)
1333

8.44 10
D

Mc P
P

I



  


6

6

0.5 (93.75 10 )
185.13

8.44 10 (0.03)
D

VQ P
P

Ib







  



Equation (1.13): 

6 2 2
1

1333 1333
( ) 15 10 ( ) (185.13)

2 2
D

P
P     

666.5 691.7 1358.2P P P  
or 

11.04 kNallP 

SOLUTION (2.14) 

EIw p L xIV p

L

o  2
2 2( ), EIw L x c

p

L

xo' ' ' ( )  2

32
3 1

Boundary Condition: 

w L' ' ' ( ) ; 0 c p Lo1
2
3 

EIw L c x c
p

L

x xo" ( )   2

2 42
2 12 1 2

Boundary Conditions: 

EIw L"( ) ; 0 c
p Lo

2 4

2



EIw L L x L x x
p

L

o" ( )   
12

4 3 2 2 4
2 3 8 6

EIw L x L L c
p

L

x x xo' ( )    
12

4 3
2

2
3 5 32

2 3 5

3 8 6

Boundary Condition: 

EIw' ( ) ;0 0 c3 0 .

EIw L L L c
p

L

x x x x    0
2

2 3 4 6

12

4
2

3
3

2
4 30 43 4 2( )

Boundary Condition:      

w( ) ;0 0 c4 0

Thus, w L L x L x x
p x

EIL

o   
2

2360

4 3 2 2 445 40 15( )

At x=L; 

wB

p L

EI
o

19

360

4

B B

p L

EIw o '
3

15

SOLUTION (2.15) 

Refer to Table B.7 ( Case 5 and 7 ): 

B

pL
EI

M L

EI
pL a L

EI
B  

 3 2 2

24 3
4
24

( )

Deflection w1  of A due to only B:

w aB

paL a L
EI1

4
24

2 2

 



( )

          (CONT.) 

pa
p

B C

A

M B
Pa

2

2

BwA

L
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(2.15 CONT.) 

Table B.7 ( Case 2 with b=0 ),  cantilever: 

w L L
pL

EI
pL
EI2 24 8

3 4

4  ( )
Total deflection 

w w w L a L LA

pa
EI    1 2 24

4 2 33 4( )

SOLUTION (2.16) 

EIw pIV x
L 0 sin ; EIw p co

L' ' ' ( ) cos   1

EIw p c x co
L x

L" ( ) sin   
2

1 2

Boundary Conditions: 

w"( ) ,0 0 c2 0 ; w L' ' ( ) , 0 c1 0

EIw p co
L x

L' ( ) cos 
3

3

EIw p c x co
L x

L  ( ) sin
4

3 4

Boundary Conditions: 

w( ) ,0 0 c4 0 ; w L( ) , 0 c3 0
Thus 

w
p L

EI

x
L

o
4

4
sin

Slope at x=0:     
A

p L

EI
w o ' ( )1 0

3

3  B

SOLUTION (2.17) 

Symmetry 

M MA B 

R RA B
P  2

Segment AC

EIw IV  0, EIw c' ' ' , 1 EIw c x c' ' 1 2

EIw c x c x c'  1
2 1

2
2 3

EIw c x c x c x c   1
6 1

3 1
2 2

2
3 4      (a) 

We have 

EIw c V P' ' ' ( )0 1 2    

EIw c M A' ' ( ) ( ):0 2    c M A2 

w' ( ) :0 0 c3 0 , w L' ( ) :2 0 M MA B
PL   8

w( ) :0 0 c4 0

Equation (a) is thus 

w L xPx
EI 
2

48 3 4( )

M A M B
CL

2
L
2

Px

BA
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SOLUTION (2.18) 

           We have 250 2 125 MPa . Equation (2.30b) gives the limiting value of  

           pressure for the tangential stress as 
6125 10 (0.005)

0.2 3.125 MPaallt

rp    

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

2 6.25 MPaallt

rp  

SOLUTION (2.19) 

kN2.1)2.1(5.13 V

mkN15.3)5.1)(2.1()5.1(3 2

2
1 M

Point A

  Mc
I 0, MPa4005.0

)5.0)(10(4 4

 t

pr


MPa2 ax 

Table B-4; 

kPa153
)2(

))((12000
3

2


ttr

rt

Ib

VQ r



 

Thus MPa012.1])153.0()[( 2
122

2
42

max  

s
o   1

2
1 2 4

2 0 153 40 65tan .( . )

Point B; 

kPa1.802
)005.0()5.0(

)5.0(3150
3 


 I

Mc ,    
VQ
Ib 0

MPa41   , 2 2 0.802 2.802 MPa   

and 

kPa599)802.24(2
1

max  ,     s
o 45

SOLUTION (2.20) 

     ( a )  2A rt
22 (250)(10) 15,708 mm 

64(10 )(0.25)

0.01 100 MPa  
3

6

500(10 )

15,708(10 )
50 81.8 MPax   

     ( b ) 1
max 2 [100 81.8] 9.1 MPa   

1.2 kN/m

M
V

x

R=3 kNz

A

B

1.5 m

pr

t 

2

PrP
a A t  

A 

1
2' ( ) 90.9 MPax    

x 

  45o

' 90.9 MPa 

9.1 MPa
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SOLUTION (2.21) 

At a point on circumference, we have 

MPa25)8(2

)100(4

2  t

pr
a ,   MPa50

MPa947.96

3

10)8)(100(2

)10(50

2   rt
P

MPa68.59
)008.0()1.0(2

)1.0)(10(30
3

3

 


 J

Tr

Thus 

1 2
34 95 50

2
34 95 50

2
2 259 68

1
2

,
. .[( ) . ]   

 42 48 6012. .
or 

MPa6.1021  ,  MPa64.172 

     ( a )  1  u; 102 6 240.     no failure 

     ( b ) 






1 2 1
u uc
  ; 102 6

240
17 64
600 1. . 

or 
0.428+0.029 < 1            no failure 

SOLUTION (2.22) 

1 2
100 50

2
100 50

2
2 230

1
2

, [( ) ]     

or 

MPa362  ,     MPa1143  ,     MPa601 

     ( a )  n u  

1

150
60 2 5.

or n  150
114 132.

     ( b )  60
150

114
600

1 
n ; 0 4 019 1. .  n

Solving      n=1.7 

SOLUTION (2.23) 

We have  σall  = 250/2.2 =113.6 MPa.   From  Eq. (2.38b) we find that the limiting value of pressure  

p=  

610 (0.0036113 )
454.4kPa

0

6( )

.9

.all t

r


 

for circumferential stress. The axial stress is thus 

p=2 all t

r


 = 908.8 kPa 

Comment:    The gage pressure may not exceed 454.4 kPa. 

a 




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SOLUTION (2.24) 

The tangential, axial, and radial streses are:    

pr

t
   = 25 p     

2
a

t

pr
    =  12.5 p z = 0 

( a ) Using Equation  2.42a, we have: 

          25 p  =    
61

(260)(10 ),
1.8

p = 5.78 MPa 

( b ) From Equation: 

p(252 – 25 x 12.5  + 12.52 )1/2 = 
260

1.8
,           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 
464

32 mm)10(106.3)75(  J
232

4 mm)10(418.4)75(  A

MPa054.9
)10(418.4

)10(40
3

3

 A
P

MPa44.72
)10(106.3

)0375.0)(10(6
6

3

 J
Tr

Thus  

1 2
9 054

2
9 054

2
2 272 44 4 527 72 581

1
2

,
. .[( ) . ] . .    

MPa11.771  , MPa05.682 

     ( a )  250 2 27711 7711 68 05 68 05
1

2
n     [( . ) ( . )( . ) ( . ) ]

or n=1.99 

     ( b )   


1 2  yp

n ; 7711 68 05 250. .  n

or n=1.72 

SOLUTION (2.26)

At the fixed end A(see Fig. P2.26): 

1.2 1.6z yT R M R V R   

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

3 3

32 32(1.6 )
7.545

(0.06)
x

M R
R

d


 
  

3 3

16 16(1.2 )
2.829

(0.06)

T R
R

d


 
     

          (CONT.) 





A 
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(2.26 CONT.) 

Then 

2 2
1,2

7.545 7.545
( ) ( 2.829 )

2 2

R R
R    

4 4 4
1 2 max8.487 10 0.943 10 4.715 10R R R        

     ( a ) 

6
4130 10

4.715 10 , 1.45 kN
1.9

R R


  

     ( b ) 
2 2 2
1 1 2 2 ( )yp sn      

1
2 2 4 62[8.487 8.487( 0.943) ( 0.943) ] (10 ) 240 10 / 1.9R     

or 

1.404 kNR 

SOLUTION (2.27) 

At the fixed end: 

1.2 1.6zT R M R 

50x yP R V R  

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

4

2

50
' 1.768 10

(0.06)
4

x
x

P R
R

A



   

4

3 3

32 32(1.6 )
'' 7.545 10

(0.06)
x

R
R

d


 
   

4

3 3

16 16(1.2 )
2.829 10

(0.06)

T R
R

d


 
      

4 2 2
1,2

9.313 9.313
10 [ ( ) ( 2.829) ]

2 2
R    

4 4 4
1 2 max10.106 10 0.793 10 5.449 10R R R        

     ( a ) 

6
4130 10

5.449 10 , 1.26kN
1.9

R R


  

          (CONT.) 

A 
x

z 

1.6 m 

x 

A

y 

50R
R

50 mm 

R 

C 

B 
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(2.27 CONT.) 

     ( b ) 
1

2 2 2
1 1 2 2[ ]

2

yp
     

1
4 2 2 6210 [(10.106) (10.106)( 0.793) ( 0.793) ] 240 10 /1.9R      

Solving, 

1.2 kNR 

SOLUTION (2.28) 

Using equations of statics; 

RA

pL Qb
L 2 , RB

pL Qa
L 2

Then 

M R xAD A

px
 

2

2 , M R xBD B

px
 ' ;

'2

2



M

Q
bx
L

AD  ,


M

Q
ax
L

BD  '

Applying Eq. (2.57): 

w Lx x bx dx Lx x ax dxD

p

EIL

ba

   2
2 2

00
[ ( )( ) ( ' ' )( ' ) ' ]

Integrating,  we have 

w L a b a bD

pab
EIL   24

2 2 3 33[4 ( ) ( )]

SOLUTION (2.29) 

Segment AC

M x
pL Q

1 8 2 ( ) ,


M

Q
x1

2

Segment BC 

M x
pL Q px

2

3
8 2 2

2

  ( ) ' ,
' 


M

Q
x2

2 '

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

EIw dx x dxC

pLx x pL px x pL
LL

    8 2
3

8 2 2
5

16 48
00

3 422

( ' ) '' '

or wC

pL
EI 5

768

4

SOLUTION (2.30) 

     ( a )  We have 

M PxAB  M PaBC 



v EI i

M

PM dxi 1

  1

00
EI

La

Px x dx Pa a dx[ ( )( ) ( )( ) ]

   1
3

2
3

3 2

3EI
a Pa

EIa L a L( ) ( )

          (CONT.) 

x x'
L

Q p

A B
D

A B

Q p

C
x x'

L/2 L/2

pL Q
8 2

3
8 2
pL Q


B A

x
x

L

a

C

Q

C

P
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(2.30 CONT.) 

     ( b ) Add Q at A.  Hence, 






H EI AB

M

Q BC

M

Q

La

M dx M dxAB BC  1

00
[ ,

where  M PxAB  , M Pa QxBC  
Let Q=0,  Then 

H
PaL

EI

L

Pa x dx  0
2

2
0

( )( )

     ( c ) Add C at  A.  We have 



 1

EI i

M

CM dxi where  M Px CAB   ,      M Pa CBC  

A EI

La

Px C dx Pa C dx   1

00
[ ( ) ( ) ]

For C=0: 

A
P
EI

a Pa
EIaL a L   ( ) ( )

2

2 2 2

SOLUTION (2.31) 

     ( a )  M Rx MAC   , M Rx M P xBC
L   ( )2



 1

EI i

M

MM dxi , w M dxEI i

M

R
i 1 



We have 

A EI

L
LRx M dx Rx M P x dx

L

L

     1
2

0 2

2

{ ( ) [ ( )] }

w Rx M xdx Rx M P x xdxA EI
L

L

L

L

     1
2

0 2

2

{ ( ) [ ( )] }

Boundary conditions are ( )0 0  and w( )0 0 . Thus, after integrating Eqs.(a): 

A
RL

EI
ML
EI

PL
EI   

2 2

2 8 0

wA
PL
EI

ML
EI

PL
EI   

3 2 3

3 2
5
48 0

From which 

RL ML PL2
42

2

 

RL ML PL3 3
2

2 5
16

3 
Solving 

M PL PL  8 8 R P 2

     ( c )  w Rx M xdx x xdxC EI EI
P PL

LL

   1 1
2 8

00

22

[ ( ) ] [ ( ) ]

 PL
EI w
3

192 max

(a)

M M AC

A

R x



24

SOLUTION (2.32) 

M R xAC A , M R x MBC A 

w M dxA EI i

M

R
i

A
 1 



w R x x dx R x M x dxA EI A Aa

aa

  1
2

0
[ ( )( ) ( )( ) ]

  8
3

3
2

3 2

0
R a

EI
Ma
EI

A

      from which RA
M
a 9

16

Statics: 

Fy  0: R RB A 

M B  0: M M R aB A  ( )2 0

or 

MB
M M  8 8

M M B

RBRA

x

a a

A BC


