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Section I        BASICS 
 
CHAPTER 1        INTRODUCTION 
 
 
SOLUTION (1.1) 
 
 Free Body: Angle Bracket (Fig. S1.1) 

     ( a ) 0; (20) 15(10) 4.8(20) 0, 12.3BM F F kN= − − = = ←∑  

  

    ( b ) 0 : 6.4 0, 5.9x Bx BxF R F R kN= + − = = →∑  

 0 : 15 4.8 0, 19.8y By ByF R R kN= + − = = ↑∑  

 
 Thus 

  2 2(5.9) (19.8) 20.7BR kN= + =  

 and 

  1 5.9
20.7tan 15.9oα −= =  

 
 
 
 
 
 
 
 
 
 
 
 
 
SOLUTION (1.2) 
      Free Body: Beam ADE (Fig. S1.2) 

      0 : (3.75 ) (2 ) 0,A BDM W F aα= − + =∑  

        1.875BDF W= ↑  

      0 : 0x AxF R= =∑  

      0 : 0,y Ay BDF R F W= − + − =∑  

        0.875AyR W= ↓  

      Free-Body: Entire structure (Fig. S1.2) 

      0 : (3 ) (3.75 ) 0,CA
M R a W a= − =∑  

        1.25CR W= ↑  

      Free Body: Part AO (Fig. S1.2) 

      0.875V W= ↑  

      0F =  

      0.875M aW=  
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SOLUTION (1.3) 
 
 

     M R kipsA B= = ↓∑ 0 2 5: .  

     F R kipsy A= = ↑∑ 0 10 5: .  

 
 
 
 Segment CD 
  

     M kip ftD = = ⋅1
2

22 2 4( )( )  

     V kipsD = 4   

 
 
 Segment CE 
 
     M kip ftE = − = ⋅8 6 105 4 6( ) . ( )  

     V kipsE = 25.  

 
 
 
 
SOLUTION (1.4) 
 

     ( a )      M R RB C C∑ = − − =0 08 6 0 6 2 24 4 0: . ( ) . ( ) ( )  

 
                 ∴ =R kNC 26 667.   

            R kN R kNCx Cy= =16 21334, .  

 
    Then 

     F R kNx Bx∑ = =0 16:   

     F R kNy By∑ = =0 12 66: .  

   
  
     ( b )  Segment CD 
 
     M kN mD = − − = ⋅21334 3 12 15 6 2 34. ( ) ( . ) ( )  

     F kND = 16  

     V kND = − =21334 18 3334. .  
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SOLUTION (1.5) 
 
     ( a ) 

     M R RA Cx Cy∑ = =0 3
2:  

 
 
 
 
 

     ↑==−=∑ kNRRM CyCyB 5004)5(40:0   

     Then     R kNCx = ←75  

          ←=↑= kNRkNR BxBy 75,10  

 
     ( b )      
          

     F kND = + =75 50 853
5

4
5( ) ( )  

     V kND = − =75 50 304
5

3
5( ) ( )  

     mkNM D ⋅=−= 5.37)75.0(50)1(75  

 
 
SOLUTION (1.6) 
 
     ( a )     Free body entire connection 

     M R TC A= − =∑ 0 28 0: ( )  

           T RA= 28   

 
    

 Segment AB   AB in= + =20 6 20882 2 . . 

     M RB A= − =∑ 0 4 6 20 0: ( ) ( )  

          R kipsA = 12.   

     and      T kip in= ⋅336. . 
 

     ( b )  F F F kipsx AB AB= − = =∑ 0 4 0 417620
20 88: , ..  

 
SOLUTION (1.7) 
      Free Body: Entire Crankshaft (Fig. S1.7a) 

      ( a ) From symmetry: A BR R=  

       0 : 2z A BF R R kN= = =∑ ր  

       0 : 4(0.05) 0,xM T= − + =∑  

          0.2 200T kN m N m= ⋅ = ⋅  

 
 
 
                    (CONT.) 
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1.7 (CONT.) 
 
 
      ( b ) Cross Section at D (Fig. S1.7b) 

       2zV kN= ր     

       200T N m= ⋅    

       2(0.07) 0.14yM kN m= = ⋅  

              140 N m= ⋅    

 
SOLUTION (1.8) 
 
 
 
     Free-Body Diagram, Beam AB 

     7
65

0 : 60 0, 69.11x CD CDF F F kN= − + = =∑  

     4
65

0 : 30 0, 64.3y A CD AF R F R kN= − − = = ↑∑  

     7
65

0 : 60(1.8) (3) 0,A CD AM F M= − + − =∑  

       72AM kN m= ⋅  

 
 
 
 
 
 
 
SOLUTION (1.9) 
 
     Free body entire frame 

     M R RA Dy Dy= − − + =∑ 0 30 3 4 10 01
2: ( ) ( ) ( )  

               R kips R kipsDy Dx= =1125 5625. , .  

 
 
 

 
 

 
Free body BCD 

     F R kipsx Bx= =∑ 0 5625: .  

     F R kipsy By= =∑ 0 1125: .  

     R kipsB = + =5625 1125 12 582 2. . .  
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SOLUTION (1.10) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     ( a ) 

M Tx∑ = − + − + =0 3 015 4 015 5 015 2 015 0: ( . ) ( . ) ( . ) ( . )  

 or T kN m= ⋅0 6.  

     ( b ) M R R kNz Ey Ey∑ = + + = = −0 4 3 1 25 0 28: ( )( ) ( . ) , .  

 M R R kNy Ez Ez= − + + = =∑ 0 25 5 2 3 0 8 4: ( . ) ( )( ) , .  

 F R R R kNy Ay Ey Ay∑ = + + + = = −0 4 3 0 4 2: , .  

 F R R R kNz Az Ez Az∑ = + − − = = −0 5 2 0 14: , .  

 Thus R kNA = + =4 2 14 4 4272 2. . .  

  R kNE = + =28 8 4 8 8542 2. . .  

 
SOLUTION (1.11) 
     (a) Free-body Diagrams, Arm BC and shaft AB 
 
 
 
 
 
 
 
 
 
 
 
 
     (b) At C: 
  2 50V kN T N m= − = − ⋅  

     At end B of arm BC: 
  2 50 200V kN T N m M N m= = ⋅ = ⋅  

     At end B of shaft AB: 
  2 200 50V kN T N m M N m= − = − ⋅ = − ⋅  

     At A:  2 200 300V kN T N m M N m= = ⋅ = ⋅  
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SOLUTION (1.12) 
 

Free Body: Entire Pipe 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 

Reactional forces at point A: 

0 : 0x xF R= =∑  

  0 : 200 0, 200y y yF R R N= − = =∑  

  0 : 0z zF R= =∑  

 
Moments about point A: 

0 : 200(0.15) 0, 30xM T T N m= − = = ⋅∑  

  0 : 0y yM M= =∑  

  0 : 200(0.3) 36 0, 96z z zM M M N m= − − = = ⋅∑  

 
The reactions act in the directions shown on the free-body diagram. 
 

 
 
SOLUTION (1.13) 
 
 Free Body : Entire Pipe 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                    (CONT.) 
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1.13 (CONT.) 
 
 We have 1 lb/ft=14.5939 N/m (Table A.1).  
 Thus, for 3 in. or 75-mm pipe (Table A.4): 14.5939(7.58)=110.62 N/m 

Total weights of each part acting at midlength are: 

  110.62(0.3) 33.2ABW N= =   

  110.62(0.2) 22.1BCW lb= =   

  110.62(0.15) 16.6CDW N= =   

 
Reactional  forces at point A: 

0 :xF =∑            0xR =  

  0 : 200 0, 271.9y y AB BC CD yF R W W W R N= − − − − = =∑  

  0 :zF =∑            0zR =  

 
Moments about point A: 

0 : (0.075) 10(0.15) 0, 2.745x CDM T W T N m= − − = = ⋅∑  

0 :yM =∑           0yM =  

  0 : (200 )(0.3) (0.15) 36 0z z CD BC ABM M W W W= − + + − − =∑  

             112.6 .zM N m= ⋅  

 
SOLUTION (1.14) 
 
     ( a ) 
 
 
 
 
 
                  
 
      Free body pulley B 

       F B kNx x= = →∑ 0 16: .  

       F B kNy y= = ↑∑ 0 16: .  

      Free body CED 

       M R R kND Cx Cx= − = = ←∑ 0 0 4 16 015 0 0 6: ( . ) . ( . ) , .  

       F D D kNx x x= − − + = = ←∑ 0 0 6 16 0 1: . . ,  

       F R Dy Cy y= =∑ 0:  

      Free body ADB  

     M D B D kN R kNA y y y Cy= − = = = ↑∑ 0 05 15 0 4 8 48: ( . ) ( . ) , . , .  

       F R D B R kNx Ay y y Ay= − + − = = ↓∑ 0 0 32: , .  

 
                    (CONT.) 
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1.14 (CONT.) 
 

       F R D B R kNx Ax x x Ax= + − = = →∑ 0 0 0 6: , .  

 
      
     ( b )     M N m V kNG G= = ⋅ =16 0 6 960 16. ( . ) , .   

     F kNG = 16.  

 
 
SOLUTION (1.15) 
 
      Free body entire rod 

       M R R Nx Dy Dy= − = ↑∑ 0 0 25 300 01 120: ( . ) ( . ),  

       ( )M Rz C By∑ = − + + − =0 200 035 0 25 300 120 0 2 0: ( . ) ( . ) ( )( . )  

                   R NBy = ↑136  

      Free body ABE 
 
 
 
 
 
 
 

       ( )M M M N mz E z z∑ = − + − = = ⋅0 200 0 275 136 0175 0 312: ( . ) ( . ) , .  

       F V Ny y= = − =∑ 0 200 136 64:  

 
 
SOLUTION (1.16) 
 
 Free body entire rod: 

 ↑==−=∑ NRRM DyDyx 160,0)1.0(400)25.0(:0  

 ( ) ↓==−+=∑ 192,0)2.0)(160400()25.0(:0 ByByCz RRM  

 
 Segment ABE 
 
 
 
 
 
 
 
 At point E: 
  M N mz = − = − ⋅192 0175 336( . ) .  

  V Ny = 192  

 
 
 

B 
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SOLUTION (1.17) 
 
     Side view                      Top view 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Fig. (b): M F F kNA∑ = − = =0 0 05 150 0 31 1: ( . ) ,  

 Fig. (a): M F F F kNB∑ = − = =0 01 0 05 0 61 2 2: ( . ) ( . ) ,  

 Fig. (c): mkNTTFM ddD ⋅==−=∑ 3.0,0)05.0(:0 2  

 
 
 
 
SOLUTION (1.18) 
 
 
 
 
 
 
 
 
 
 
 
 
 Free body-entire frame  

  M R R kipsA y y∑ = − − = =0 30 3 18 4 12 0 34: ( ) ( ) ( ) , .  

 
 Free body-member BC  

  M R RC x y∑ = − =0 9 12 0: ( ) ( )  

  and 

R kipsx = =4
3 34 4 533( . ) .  

Thus 

  F R kipsBC = = + =( . ) ( . ) .4533 34 56662 2  
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SOLUTION (1.19) 
 
      Free body-member AB  

      M A∑ = 0: 
                       

R a P a P aE
o o( ) cos ( ) sin ( )4 40 40 6 0− − =  

           ∴ =R PE 1156.  

 

  F R P Px Ax
o= = = ←∑ 0 40 0 766: cos .  

  F R P P R Py Ay
o

Ay= + − = = ↓∑ 0 1156 40 0 0513: . sin , .  

 
 Free body-member CD  
 
 

      M R a R aD E Cy= − =∑ 0 4 6 0: ( ) ( )  

             ∴ = ↑R PCy 0 771.  

 
 

  M R a R a R PC D
o

E D= − = =∑ 0 30 6 2 0 0 771: sin ( ) ( ) , .  

  F R R Px Cx D
o∑ = = = →0 30 0 668: cos .  

 
 
SOLUTION(1.20) 
 
     ( a ) Power=P=(pA)(L)(n/60) 

                1500
60(1.2)(2100)(0.06)( ) 3.78kW= =  

 Power required 3.78
0.9 4.2P

e kW= = =  

 
     ( b )  Use Eq.(1.15), 

  
9549(4.2)9549

1500 26.74kW
nT N m= = = ⋅  

 
 
SOLUTION (1.21) 
 
 Refer to App. A.1: 65 mph=65(5280)/60=5720  fpm. 
     ( a )  From Eq. (1.17), the drag force equals, 

  
33,000 33,000(18)

5720 103.4hp
d VF lb= = =  

      See: Fig. P1.21: 

  0 : 103.4xF F lb= =∑  

      It follows that 

  0 : 0A d fM Wa F c R L= − + + =∑  

      or 

  3.2(60) (0.1034)(25) (110) 0fR− + + =  

                    (CONT.) 

C D 

E 

2a 4a 
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RD  
30o  

P 
B 

a 40o  A 
RAx  

RAy  RE  

4a 2a 

E 
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1.21 (CONT.) 
 
 Solving, 

  1.722fR kips=  

 and 

  0 : 3.2 1.722 0y rF R= − + =∑  

 or 

  1.478rR kips=  

 
     ( b ) 

 We have    0, 0, 0.dV F F= = =  

 See Fig. P1.21: 

  0 : 0A fM Wa R L= + =∑  

 Thus 

  60
110 (3.2) 1.745a

f LR W kips= = =  

 So, 0yF =∑  gives 

  3.2 1.745 1.455r fR W R kips= − = − =  

 
SOLUTION (1.22) 
 

 Refer to Solution of Prob. 1.21. Now we have 3.2 1.2 4.4tW kips= + = and friction force 

 103.4F lb=  acts at point A. 

 

     ( a ) See: Fig. 1.21 (with tW W= ): 

  4.4(60) (0.1034)(25) (110) 0A fM R= − + + =∑  

 from which 

  2.377fR kips=  

 and 

  4.4 2.377 2.023rR kips= − =  

 

     ( b ) 0, 0, 0,dV F F= = =  as before, 

 60
1100 : (4.4) 2.4a

A f tLM R W kips= = = =∑  

 and 

  4.2 2.4 1.8r t fR W R kips= − = − =  

 
SOLUTION (1.23) 
 
     ( a ) Free-Body Diagram: Gears (Fig. S1.23). 
 Applying Eq. (1.15): 

  
9550(35)9550

500 668.5P
AC nT N m= = = ⋅  

 Therefore, 

  668.5
0.125 5.348A

A

T
rF kN= = =  

                    (CONT.) 
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1.23 (CONT.) 
 

     ( b ) 5,348(0.075) 401.1DE DT Fr N m= = = ⋅  

 
 
 
 
 
 
 
 
 
SOLUTION (1.24) 
 
 From Eq. (1.17), we obtain T=63,000 hp/n. Thus 
 
 For input shaft 

  .05.11800
)30(63000 inkipT ⋅==  

 For output shaft 

  .0.4425
)27(63000 inkipT ⋅==  

 Equation (1.14) gives 

  %909.030
27 ===e  

 
SOLUTION (1.25) 
 
     ( a ) Referring to Eq. (1.12): 

  power output )(5.2500)( 60
150

60 ×== NFs  

         sinlb .125,3 ⋅=  

 
     ( b ) Using Eq. (1.14), power transmitted by the shaft: 

  power input sinlb .551,3)88.0(125,3 ⋅==  

 
SOLUTION (1.26) 
 
 Equation (1.10) becomes 

  )( 2
min

2
max2

1 ωω −=∆ IEk       (1) 

 Here, mass moment inertia with 5 percent added: 

  ρπ lddI io ⋅−= )()05.1( 44
32   (Table A-5) 

     )200,7)(1.0)(3.04.0(05.1 44
32 −= π  

     2299.1 mkg ⋅=  

  sradrps 7.12520)(1200 60
1

max ===ω  

  sradrps 1153.18)(1100 60
1

min ===ω  

 
 Equation (1) is therefore 

  )1157.125)(299.1( 22
2
1 −=∆ kE  

        J673,1=  

DET  ACT  

Dr  

Figure S1.23 

D 

F 

F A 

Ar  
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SOLUTION (1.27) 
 
 Final length of the wire: 

  2 2
' (80) (50.4) 94.55242 .ACL in= + =  

 Initial length of the wire is 

  2 2(80) (50) 94.33981 .ACL in= + =  

 Hence, Eq. (1.20): 

  ' 94.55242 94.33981
94.33981

AC AC

AC

L L
AC Lε − −= =  

         0.00225 2250µ= =  

 
 
SOLUTION (1.28) 
 

     ( a ) r
r

r
rrr

c
∆−∆+ == π

ππε 2
2)(2

 

 ( ) .ε µc i = =0 3
150 2000  

 ( ) .ε µc o = =0 2
250 800  

 

     ( b ) ε µr
r r
r r
o i

o i
= = =−

−
−
−

∆ ∆ 0 3 0 2
250 150 1000. .  

 
 
SOLUTION (1.29) 
  

, 2 1.41421OB AB BCL d L L d d= = = =  

     ( a ) µε 12000012.0 == d
d

OB  

 

( b ) [ ] dddLL CBAB 41506.1)0012.1( 2
1

22
'' =+==  

       µεε 60141421.1
41421.141506.1 === −

BCAB  

 

( c )  ( )1 1.0012tan 45.0344od
dCAB −= =  

Increase in angle CAB  is 45.0344 45 0.0344o− = . 
 Thus 

  ( )1800.0344 600πγ µ= =   

 
 
SOLUTION (1.30) 
 

( a )  ε µx = =−0 8 0 5
250 1200. .             µε 2000200

04.0 −== −−
y  

        

( b )  )1(' xADADxADAD LLLL εε +=+=  

                 = =250 10012 250 3( . ) . mm  
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SOLUTION (1.31) 
 

 ∆L mmAB = =− −800 10 150 120 106 3( ) ( )  

 ∆L mmAD = =− −1000 10 200 200 106 3( ) ( )  

 
     We have 

 L L LBD AB AD
2 2 2= +  

 2 2 2L L L L L LBD BD AB AB AD AD∆ ∆ ∆= +  

     or 

∆ ∆ ∆L L LBD
L
L AB

L
L AD

AB

BD

AD

BD
= +        (1) 

            [ ]= + =−150
250

200
250

3120 200 10 0 232( ) ( ) . mm  

 
SOLUTION (1.32) 
 

 AC BD mm= = + =300 300 424 262 2 .  

 mmCAmmDB 46.4242.026.424'',76.4235.026.424'' =+==−=  

 Geometry: '''' DABA =  
 

     AD
ADDA

yx
−== ''εε  

           µ363300

300
2

46.424

2

76.423 2
1

22

−==
−



















+








 

     γ β µπ π
xy = − = − =−

2 2
1 423 76 2

424 46 22 1651tan .
.  

 
 
SOLUTION (1.33) 
 
         We have 

         AD AD ADLδ ε=  

                        6800 10 (32)−= ×  

                              0.026 .in=  

 
 
 
 
 
 From triangles 'A AF  and 'C CF : 

  0.026 0.2
60 , 6.9 .x x x in−= =  

 From triangles 'B BF  and 'C CF : 

  13.1 53.1
0.2 , 0.049 .

B B BEinδ δ δ= = = −   (contraction) 

 Therefore 

  60.049
40 1225(10 )BE

BEBE L
δε − −= = = −  

        1,225µ= −  

 

'B  

'D  

'C  

'A  

Bδ  

F C 

C' 

x 

A 

0.026 
in. 

13.1 in. 

B' 

B 
A' 

40 in. 20 in. 

0.2 in. 
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SOLUTION (1.34) 
 

     ( a ) ε µx = =0 006
50 120.  ε µy = = −−0 004

25 160.  

             γ µxy = − + = −1000 200 800  

 

     ( b ) mmLL yABAB 996.24)00016.01(25)1(' =−=+= ε  

             mmLL xADAD 006.50)00012.01(50)1(' =+=+= ε  

 
        
        End of Chapter 1 
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CHAPTER 2 MATERIALS 
 
 
SOLUTION (2.1) 
 

 A in A inf0 4
2 3 2

4
2 3 205 196 35 10 05 0 00024 19616 10= = = − =− −π π( . ) . ( ) . , ( . . ) . ( ) .  

 We have ε µ ε µa t= = = =
− −12 10

8
0 24 10

0 5

3 3

1500 480( ) . ( )
.,  

 Thus  

S ksip
P
A= = =−

0

3

3

4 10

196 35(10
20 37( )

. )
.  

  E psi
S p

a

t

a
= = = = =−ε

ε
εν20 37 10

1500 10
6

3

6 1358 10 0 32. ( )

( )
. ( ) , .  

 Also  
 

 

  % ( ) .. .
.reduction in area = =−196 35 196 16

196 35 100 0 097 

 
 
SOLUTION (2.2) 
 
 Normal stress is 

  
2

500

(1 8)
4

4744P
A ksiπσ = = =  

 This is below the yield strength of 50 ksi (Table B.1). 
 We have 

  0.3
18.5 12 0.001351 1351L

δε µ×= = = =  

 Hence 

  6

640,744

135(10 )
30 10E psiσ

ε −= = = ×  

 
 
SOLUTION (2.3) 
 

 The cross-sectional area: 20.5(0.25) 0.125 .o oA w t in= = =  

     ( a ) Axial strain and axial stress are 

  0.00331
2.5 0.01324 1324aε µ= = =  

  4.8
0.125 38.4P

a A ksiσ = = =  

 Because a ySσ <  (See Table B.1), Hooke's Law is valid.  

     ( b ) Modulus of elasticity, 

  6

638,400

1324(10 )
29 10a

a
E psiσ

ε −= = = ×  

 
     ( c ) Decrease in the width and thickness 

  0.3(0.5) 0.15 .ow w inν∆ = = =  

  0.3(0.24) 0.072 .ot t inν∆ = = =  
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