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MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

Chapter 1 
1-1*  
From a free-body diagram of the forearm,  
the equilibrium equations give 

0 :yF↑Σ =   20 0T F W− − − =

0 :FMΣ =  ( )1.5 5.5 11.5 20 0T W− − =  

 ............................... Ans. 3.667 153.33 lbT W= +
 ............................... Ans. 2.667 133.33 lbF W= +
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1-2*  
From a free-body diagram of the ring, the equations of equilibrium 

0 :xF→Σ =   2 1cos10 sin10 0T T° − ° =

0 :yF↑ Σ =  ( )1 2cos10 sin10 175 9.81 0T T° − °− =  

are solved to get 

  1 25.67128T T=

 .............................................................................. Ans. 1 1799 NT =

 ................................................................................ Ans. 2 317 NT =

 ....................................................... Ans. ( )3 175 9.81 1717 NT = =
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1-3  
The equations of equilibrium 

0 :xF→Σ =   sin 30 sin 30 0A BN N° − ° =

0 :yF↑ Σ =   cos30 cos30 800 0A BN N° + ° − =

are solved to get 

  A BN N=

  462 lbA =N  ................................................................ Ans. 60°

  462 lbB =N  ................................................................ Ans. 60°
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1-4*  
The equations of equilibrium 

0 :xF→Σ =   sin 45 0x BA N− =o

0 :yF↑ Σ =   cos 45 300 0y BA N+ −o =

0 :AMΣ =  ( ) ( )1.5 cos 45 1.5 300 0BN − =o  

are solved to get 

  424.264 N 424 NBN = ≅  45............................. Ans. 

  300 NxA = 0 NyA =  

  ........................................................ Ans. 300 N=A →
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1-5  
The equations of equilibrium 

0 :xF→Σ =  0xA =  

0 :yF↑ Σ =   250 0yA − =

0 :AMΣ =   ( )3 250 0AM − =

are solved to get 

   0 lbxA = 250 lbyA =

  .....................................................Ans. 250 lb=A ↑
 .................................................Ans. 750 lb ft AM = ⋅
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1-6  
From an overall free-body diagram, the equations of equilibrium 

0 :xF→Σ =  0xA =  

0 :yF↑ Σ =  10 15 0y FA N− − + =  

0 :AMΣ =   ( ) ( )9 3 10 6 15FN − − = 0
are solved to get 

  0 kNxA =

  11.6667 kNyA = ↑

  13.3333 kNFN = ↑
Then, from a free-body diagram of the right hand section of the truss,  
the equations of equilibrium 

0 :CMΣ =  ( )3 13.3333 3 0DET− =  

0 :DMΣ =   ( ) ( )3 3 15 6 13.3333 0BCT − + =

0 :yF↑ Σ =   13.3333 15 cos 45 0CDT− − =o

are solved to get 

 ............................................................................................................ Ans. 13.33 kN (T)DET =

 .................................................................................. Ans. 11.67 kN 11.67 kN (C)BCT = − =

 ...................................................................................... Ans. 2.36 kN 2.36 kN (C)CDT = − =
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1-7*  
0 :AMΣ =  ( ) ( )27 13 33cos15 4 35sin15 0FN − ° + ° =  

  14.93561 lb 14.94 lbFN = ≅  ............. Ans. 75°

0 :xFΣ =Z   cos30 35sin15 0P ° − ° =

  10.46005 lb 10.46 lbP = ≅  15 ................ Ans. °

0 :yFΣ =^   sin 30 35cos15 0R FN N P+ − °− ° =

  24.1 lbRN =  .......................................... Ans. 75°
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1-8  
0 :yF↑Σ =   4060 5210 0P + − =

 .......................................................................................Ans. 1150 NP =

0 :AMΣ =  ( ) ( )16 4060 37 5210 0C − − =  

 ...............................................Ans. 257,730 N mm 258 N mC = ⋅ ≅ ⋅
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1-9*  
From an overall free-body diagram, the equations of equilibrium 

0 :xF→Σ =  0xA =  

0 :yF↑ Σ =   10 20 0y EA N− − + =

0 :AMΣ =   ( ) ( )45 15 10 30 20 0EN − − =

are solved to get 

  0 kipxA =

  13.3333 kipyA = ↑

  16.6667 kipEN = ↑
Then, from a free-body diagram of the right hand section  
of the truss, the equations of equilibrium 

0 :FMΣ =  ( )15 15 sin 30 0E DEN T+ °  =

=

G

0 :EMΣ =  ( ) ( )15 20 15 sin 60 0CFT− °  

0 :CMΣ =   ( ) ( )22.5 7.5 20 15cos30 0E FN T− − ° =

are solved to get 

 ............................................................................... Ans. 33.3333 kip 33.3 kip (C)CDT = − ≅

 .................................................................................. Ans. 23.094 kip 23.1 kip (T)CFT = + ≅

 .................................................................................. Ans. 17.32 kip 17.32 kip (T)FGT = + =
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1-10*  
  ( )2000 9.81 19,620 NW = =

0 :xFΣ =Z   sin 30 0P W− ° =

0 :AMΣ =  ( ) ( )2 sin 30 2 cos30 3 1 0FW W N° − ° + − =  P

0 :yFΣ =^   cos30 0R FN N W+ − ° =

  9810 N 9.81 kNP = =  ............................... Ans. 30°
  8933.806 N 8.93 kNRN = ≅  .................... Ans. 60°

  8057.612 N 8.06 kNFN = ≅  ................... Ans. 60°
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1-11  
From a free-body diagram of the brake pedal, the equilibrium  
equations are solved to get the forces 

0 :AMΣ =  ( )( ) ( )( )5.5 30cos30 11 30sin 30 4 0Q − ° − ° =  

  62.871 lbQ =

0 :xF→Σ =   30cos30 0xA Q− + ° =

  36.890 lbxA =

0 :yF↑ Σ =   30sin 30 0yA − ° =

  15.00 lbyA =

  39.8 lb=A  ........................................................... Ans. 22.13°
 ........................................................................ Ans. 62.9 lb =Q ←
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1-12*  
From a free-body diagram of the beam, the equilibrium equations are solved to get the forces and moment 

0 :xF→Σ =   0xA =

0 :yF↑ Σ =   2 0yA − =

  2 kNyA =

0 :AMΣ =   ( )2 4 3 0AM − − =

  11 kN mAM = ⋅

 ................................................................................................................................ Ans. 2 kN =A ↑
 ..................................................................................................................... Ans. 11 kN m A = ⋅M
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1-13  
From a free-body diagram of the beam, the equilibrium equations are solved to get the forces 

0 :xF→Σ =   0xA =

0 :AMΣ =
  

( ) ( )
( ) ( )

15 3 500 6 800

      9 700 12 400 0

B − −

− − =

  1160 lbB =

0 :yF↑ Σ =   500 800 700 400 0yA B+ − − − − =

  1240 lbyA =

 ........................................................................................................................... Ans. 1240 lb =A ↑

 ............................................................................................................................ Ans. 1160 lb =B ↑
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1-14  
  ( )450 9.81 4414.50 NW = =

From a free-body diagram of the lower pulley,  
vertical equilibrium equation gives the tension 

0 :yF↑ Σ =   12 4414.50 0T − =

  1 2207.25 NT =
Then, from a free-body diagram of the upper pulley,  
moment equilibrium equation gives the force F 

0 :axleMΣ =   1 1100 90 100 0T T F− − =

 ............................................................................................................................... Ans. 221 NF =
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1-15*  
From a free-body diagram of the bracket, the equilibrium equations 

0 :AMΣ =  ( )( ) ( )18 12 10 2 12 3 0B − =    

0 :xF→Σ =   0xA B+ =

0 :yF↑ Σ =  ( )( )12 10 2 0yA − =    

Are solved to get the forces 
  13.333 lbB =
  13.333 lbxA = − 60.0 lbyA =  

  61.464 lb 61.5 lb= ≅A  .....................................Ans. 77.47°
 .......................................................................Ans. 13.33 lb =B →
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1-16  
(a) From a free-body diagram of the plane, the force  

equilibrium equations are solved to get the forces 

0 :xF→Σ =   40cos 70 70cos16 0V − °− ° =

0 :yF↑ Σ =   40sin 70 70sin16 0N − °− ° =

 .........................................Ans. 81.0 NV =
 .................Ans. 56.882 N 56.9 NN = ≅
(b) Then the moment equilibrium equation gives  

the required location of the normal force 

0 :AMΣ =  ( )( ) ( )( )70cos16 75 70sin16 280 Nd° − ° +  

 ( )( ) ( )( )40cos 70 60 40sin 70 60 0+ ° − ° =  

  31.5 mmd =
 ....................................................................... Ans. 31.5 mm (from the left end of plane)
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1-17*  
0 :AMΣ =   ( )1.25 9 25 0DN − =

 ....................................Ans. 180.0 lbDN =

0 :xF→Σ =   sin 38 0x DA N+ ° =

0 :yF↑Σ =   25 cos38 0y DA N− − ° =

  110.8 lbxA = − 166.8 lbyA =  

  200.3 lb=A  ................................................................... Ans. 56.4°
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1-18*  
From a free-body diagram of the upper handle,  
moment equilibrium gives 

0 :xF→Σ =  cos 0A xF Bθ + =  

0 :yF↑Σ =  sin 100 0A yF Bθ − + =  

0 :BMΣ =  ( ) ( ) ( )93 100 28 sin 5 cos 0A AF Fθ θ− +  =

 1 30tan 30.964
50

θ −= = °  

  919.116 NAF =

  788.136 NxB = − 372.881 NyB = −  

 
Then a free body diagram of the upper jaw gives 

0 :CMΣ =   12 35 0y xFd B B+ + =

 2 235 15 38.0789 mmd = + =  
Therefore 
  842 NF =   on the jaw 66.8°
  842 N=F   on the block.......................................................................................... Ans. 66.8°
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1-19  
Use W  (the weight carried by one truss).  Then by symmetry (or from equilibrium of a free-body 3750 lb=
diagram of the entire truss) each support carries half of the total weight 

 2 1875 lby yE A W= = =  

Also by symmetry (or equilibrium of a free-body diagram of the truck), the truck’s weight is divided equally 
between its front and rear wheels. 

 2 1875 lbF RN N W= = =  

Then equilibrium of the floor panel between pins G and H gives 

0 :HMΣ =   ( )110 4 1875 0G − =

  1 750 lbG =

0 :GMΣ =   ( ) 16 1875 10 0H− =

  1 1125 lbH =

Next, from a free-body diagram of a section of the left side of the truss 

 1 5tan 26.565
10

θ −= = °  1 8tan 38.660
10

φ −= = °  

0 :BMΣ =   ( )8 5 1875 0GHT − =

  1171.875 lbGHT =

0 :GMΣ =  ( ) ( ) ( ) ( )15 1875 8 cos 10 sin 10 1125 0BC BCT Tθ θ− − − +  =

 ............................................. Ans. 1451.295 lb 1451 lb (C)BCT = − ≅

0 :yF↑Σ =  1875 sin sin 1125 0BC BGT Tθ φ+ − − =  

 ................................................... Ans. 161.6 lb 161.6 lb (T)BGT = + =
Finally, from a free-body diagram of pin C 

0 :xF→Σ =  cos cos 0CD BCT Tθ θ− =  

0 :yF↑Σ =  sin sin 0BC CD CGT T Tθ θ− − − =  

  1451.295 lbCDT = −

 ...................................................... Ans. 1298 lb 1298 lb (T)CGT = + =
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1-20*  
Cut a section through CD, DG, and FG, and draw a free-body diagram  
of the upper-portion of the truss.  The equilibrium equations give 

0 :GMΣ =  ( )( ) ( )( ) ( )5cos30 9 5sin 30 4 3 0CDT° − ° + =  

0 :DMΣ =  ( )( ) ( )5cos30 6 3 0FGT° − =  

 ................... Ans. 9.66 kN 9.66 kN (C)CDT = − =

 .......................................... Ans. 8.66 kN (T)FGT =
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1-21  
A free-body diagram of cylinder A gives 

0 :xF→Σ =   cos 60 cos 60 0AB ACN N° − ° =

0 :yF↑Σ =   sin 60 sin 60 100 0AB ACN N° + °− =

  57.73503 lbAB ACN N= =
Then, from a free-body diagram of cylinder B 

0 :xF→Σ =  sin cos60 0AB BCB N Nθ − °− =  

0 :yF↑Σ =  cos sin 60 200 0ABB Nθ − °− =  

The minimum force occurs when , therefore 0BCN =

 
cos 60sin tan

cos sin 60 200
AB

AB

NB
B N

θ θ
θ

°
= =

°+
 

 6.59θ = ° ........................................................................................... Ans. 
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1-22  
  ( )250 9.81 2452.50 NW = =

From a free-body diagram of the pulley 

0 :xF→Σ =  cos cos 0T Tφ θ− =  

0 :yF↑Σ =  sin sin 2452.50 0T Tφ θ+ − =  

 φ θ=  

From the geometry of the cable 
  42 ma b+ =

  ( )cos 40 ma b θ+ =

 1 40cos 17.7528
42

θ −= = °  

Also from the geometry of the cable 
 sin 6 sinh a bθ θ= = +  
Therefore 

 ( ) 6 sin 19.67789 ma b θ− = =  

which together with  gives 42 ma b+ =
  30.83895 ma = 11.16105 mb =  

 cos 29.4 mx a θ= = ...................................................................... Ans. 

 ...................................................................................... Ans. 4020 NT =
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1-23*  
Max pull occurs when either the rear wheels begin to slip ( )0.8 yB B=  or when the front wheels start to lift off the 

ground .  The force which makes the front wheels lift off of the ground is ( 0yA = )
0 :BMΣ =  ( ) ( ) ( )8 15,000 5 cos30 10 sin 30 0P P− ° − ° =  

 ................................................................................................... Ans. 12,862 lb 12.86 kipP = ≅
Checking the amount of friction required and the amount of friction available for this pulling force 

0 :xF→Σ =   sin 30 0xP B° − =

0 :yF↑Σ =   15,000 cos30 0y yA B P+ − − ° =

   0yA =

  6431 lb (friction required)xB =

  26,138 lbyB =

  ( )0.8 26138 20,911 lb (friction available)=

Since the friction required is much less than the friction available, we made the correct guess. 
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1-24  
Divide the weight by 2 since there are two frames 

 ( )200 9.81 2 981 NW = =  

Then from a free-body diagram of the drum 

0 :xF→Σ =   1 2cos 45 cos 45 0N N° − ° =

0 :yF↑Σ =   1 20.4 sin 45 sin 45 981 0N N° + ° − =

 ................................................Ans. 1 2 693.672 N 694 NN N= = ≅

Finally from a free-body diagram of one leg 

0 :CMΣ =   21 1 0.8T A N− − = 0

0 :xF→Σ =   2 sin 45 0xT C N+ + ° =

0 :yF↑Σ =   2 cos 45 0yA C N+ − ° =

where by symmetry (or from overall equilibrium) 

 981 2 490.5 NA = = ..............................................................Ans. 

and then 
 ..................................................Ans. 1045.4376 N 1045 NT = ≅
 ............................................Ans. 1535.94 N 1536 NxC = − ≅ ←

 ....................................................................................Ans. 0 NyC =
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1-25*  
The components of the three tension forces are 

 2 2 2

20 30 50
20 30 50

0.32444 0.48666 0.81111

A A

A A

T

T T

+ −
=

+ +
= + −

i j kT

i ATj k
 

 2 2 2

16 25 50
16 25 50

0.27517 0.42995 0.85990

B B

B B

T

T T

− −
=

+ +
= − −

i j kT

i BTj k
 

 2 2 2

25 15 50
25 15 50

0.43193 0.25916 0.86387

C C

C C

T

T T

− − −
=

+ +
= − − −

i j kT

i CTj k
 

Then the x-, y-, and z-components of the force equilibrium equation give 

:x   0.32444 0.27517 0.43193 0A BT T T+ − C =

:y   0.48666 0.42995 0.25916 0A BT T T− − C =

:z   0.81111 0.85990 0.86387 900 0A B CT T T− − − + =

 ..................................................................................................... Ans. 418.214 lb 418 lbAT = ≅

 ..................................................................................................... Ans. 205.219 lb 205 lbBT = ≅

 .................................................................................................... Ans. 444.876 lb 445 lbCT = ≅

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

1-26*  
The components of the forces are 

  ( )100 9.81 981  N= − = −W k k

 2 2 2

4 8 5
4 8 5

0.39036 0.78072 0.48795

A A

A A

T

T T

− +
=

+ +
= − +

i j kT

i ATj k
 

 2 2 2

6 8 5
6 8 5

0.53666 0.71554 0.44721

B B

B B

T

T T

− − +
=

+ +
= − − +

i j kT

i BTj k
 

 
2 2

8 5 0.84800 0.53000
8 5

C C C CT T+
= = +

+

j kT Tj k  

Then the x-, y-, and z-components of the force equilibrium equation give 

:x   0.39036 0.53666 0A BT T− =

:y   0.78072 0.71554 0.84800 0A BT T T− − + C =

:z   0.48795 0.44721 0.53000 981 0A B CT T T+ + − =

 ..................................................................................................... Ans. 603.139 N 603 NAT = ≅

 ..................................................................................................... Ans. 438.716 N 439 NBT = ≅

 ..................................................................................................... Ans. 925.473 N 925 NCT = ≅
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From a free-body diagram of pin A 

0 :xF→Σ =   cos 45 cos 45 0AF ABT T° − ° =

0 :yF↑Σ =   20 sin 45 sin 45 0AB AFT T− °− ° =

 ....................................Ans. 14.14214 lb 14.14 lbAB AFT T= = ≅
Finally from a free-body diagram of BCD 

0 :xF→Σ =   cos 45 0AB x xT C D° + + =

0 :yF↑Σ =   sin 45 0AB y yT C D° + − =

0 :CMΣ =  ( ) ( ) ( )2 1.5 10 2 cos 45 1 sin 45 0x AB ABD T T− − ° − ° =  

where by symmetry (or from overall equilibrium) 

 20 2 10 lbyD = = ↓  

and then 

  32.500 lb 32.5 lbxC = − ≅ ← 0 lbyC =  

  22.500 lb 22.5 lbxD = ≅ →

 ................................................................................. Ans. 32.5 lb=C ←
  24.6 lb=D  ..................................................................... Ans. 24.0°
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From a free body diagram of the wheel and arm BC 

0 :xF→Σ =   0CD xT B+ =

0 :yF↑Σ =   2700 0yB− =

0 :BMΣ =   ( )150 2700 325 0CDT− − =

  1246 NxB = 2700 NyB =  

  2970 N=B   (on AB) ....................................................... Ans. 65.2°
 ............................................. Ans. 1246.154 N 1246 N (C)CDT = − ≅
Then from a free-body diagram of the arm AB (and assuming that the  
spring pushes perpendicularly against the arm) 

0 :AMΣ =  ( ) ( )100 1246.154 500 2700 0SbF− − + =  

0 :xF→Σ =  1246.154 sin 0x SA F φ− + =  

0 :yF↑Σ =  2700 cos 0S yF Aφ− + =  

 1 50tan 11.310
250

φ −= = °  

 2 250 250 254.951 mmb = + =  

 .................................................... Ans. 5783.92 N 5780 N (C)SF = ≅

  111.827 NxA = 2971.60 NyA =  

  2970 N=A  87.8 .................................................................... Ans. °
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First equilibrium of an overall free-body diagram gives 

0 :xF→Σ =   100 0xA − =

0 :yF↑Σ =   200 0yA− =

0 :AMΣ =   ( )12 24 100 0FN − =

   100 lbxA = 200 lbyA =

  200 lbFN =

  224 lb=A  ...............................Ans. 63.4°
Then from a free-body diagram of the bar ABCD 

0 :xF→Σ =   cos 45 100 0x x BEA C F+ − °− =

0 :yF↑Σ =   sin 45 0y E yC F A+ °− =

0 :CMΣ =  ( ) ( )18 6 cos 45 6 100 0x BEA F− + ° − =  

   400 lbxC = 200 lbyC = −

  565.685 lb 566 lbBEF = ≅  .................................. Ans. 45°

 447 lb=C  ............................................................ Ans. 26.6°
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1-30 The total weight of water carried by each truss is 
  ( )( )( )( )1000 9.81 0.2 3.6 2 14,126.40 NTW = =

By symmetry (or overall equilibrium) the support reactions at A and F are 

 2 7063.20 Ny TA F W= = =  

The weight of water carried by each roof panel is 

  ( )( )( )( )1000 9.81 0.2 1.2 2 4708.80 NPW = =

and by symmetry (or equilibrium of the panel) half of this load is carried by the pins at each end of the panel 

 2 2354.40 NPB E W= = =  ( )2 2 4708.80 NPC D W= = =  

 sin 0.8000θ =  cos 0.6000θ =  
 

Then, equilibrium of Pin B gives 

0 :xF→Σ =   0BCT =

0 :yF↑Σ =   2354.40 0ABT− − =

  2354.40 NABT = −

Pin E: 

0 :xF→Σ =   0DET− =

0 :yF↑Σ =   2354.40 0EFT− − =

  2354.40 NEFT = −

Pin A: 

0 :xF→Σ =  cos 0AH ACT T θ+ =  3531.60 NAHT =  

0 :yF↑Σ =   ( )7063.20 2354.40 sin 0ACT θ+ − + = 5886.00 NACT = −  

Pin H: 

0 :xF→Σ =  ( )3531.60 0GHT − =  3531.60 NGHT =  

0 :yF↑Σ =   0CHT =

Pin C: 

0 :xF→Σ =  ( ) ( )cos 5886 cos 0 0CD CGT T θ θ+ − − − =  3531.60 NCDT = −  

0 :yF↑Σ =  ( ) ( )4708.80 5886 sin 0 sin 0CGTθ θ− − − − − =  0 NCGT =  

Pin G: 

0 :xF→Σ =  ( ) ( )3531.60 0 cos 0FGT θ− − =  3531.60 NFGT =  

0 :yF↑Σ =  ( )0 sin 0DGTθ + =  0 NDGT =  

Pin D: 

0 :yF↑Σ =   ( )4708.80 0 sin 0DFT θ− − − = 5886.00 NDFT = −  

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

1-30 (cont.) 
The member forces are 
 AB: ...............................DE: ............................................................ Ans. 2350 N (C) 0 N
 AC: ................................DF: .................................................... Ans. 5890 N (C) 5890 N (C)
 AH: ................................DG: ............................................................ Ans. 3530 N (T) 0 N
 BC: .......................................EF: .................................................... Ans. 0 N 2350 N (C)
 CD: ................................FG: .................................................... Ans. 3530 N (C) 3530 N (T)
 CG: .......................................GH: .................................................... Ans. 0 N 3530 N (T)
 CH: ............................................................................................................................ Ans. 0 N
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The equations of equilibrium for the two blocks are 

0 :xF→Σ =  2sin cos 0T Nθ θ− =  

 1cos sin 0T Nθ θ− + =  

0 :yF↑Σ =  2cos sin 150 0T Nθ θ+ − =  

 1sin cos 200 0T Nθ θ+ − =  

Adding the second and third equation together gives 

 1 2sin sin 150N Nθ θ+ =  

while subtracting the first equation from the last equation gives 

 1 2cos cos 200N Nθ θ+ =  

Dividing these two equations gives 

 
( )
( )

1 2

1 2

sin 150tan
cos 200

N N
N N

θ
θ

θ
+

= =
+

 

 36.87θ = °  

  1 2 250 lbN N+ =
 
Now the first two equations can be rewritten 

  2
2sin sin cos 0T Nθ θ θ− =

  2
1cos sin cos 0T Nθ θ θ− + =

and subtracting the second equation from the first gives 

 ( ) ( )2 2
1 2sin cos sin cosT N Nθ θ θ+ = + θ  

 ( ) ( )( )( )1 250 0.6000 0.8000T =  

  120 lbT =

(a) .........................................1 160 lbN = 2 90 lbN = ............................................................... Ans. 

(b) ................................................................................................................................ Ans. 120 lbT =
(c) 36.87θ = ° ............................................................................................................................... Ans. 
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ABC is an equilateral triangle with a height of 

950sin 60 822.724 mmh = ° = , and 

  ( )60 9.81 588.60  N= − = −W k k

 
475 822.724

950
0.50000 0.86603

AB AB

AB AB

F

F F

− +
=

= − +

j kF

j k
 

Moment equilibrium about C 

:CΣ =M 0  ( ) ( )0.95 y zB B− × +i j k  

 ( ) (0.95 0.50000 0.86603AB ABF F× − + )j j k  

 ( ) ( )0.475 0.23750 0.411362 588.6+ − + + × − =i j k k 0  

has components 

:x   0.82272 139.7925 0ABF − =

:y   0.95 279.585 0zB − =

:z   0 0.95 0yB− =

 ........................................................................................ Ans. 169.915 N 169.9 N (C)ABF = ≅

 .................................................................................................................................. Ans. 0 NyB =

 .................................................................................................... Ans. 294.300 N 294 NzB = ≅
Then the x-, y-, and z-components of the force equilibrium equation give 

:x   0xC =

:y   ( ) ( )0 0.5 169.915 0yC + − =

:z  ( )294.300 588.6 0.86603 169.915 0zC+ − + =  

 .................................................................................................................................. Ans. 0 NxC =

 ...................................................................................................... Ans. 84.958 N 85.0 NyC = ≅

 .................................................................................................... Ans. 147.15 N 147.2 NzC = ≅
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 P= −P j  

Moment equilibrium about C 

:CΣ =M 0  

 ( ) ( )50 x yD D− × +k i j  

 ( ) (20 2.5 40+ − + × −k i )j  

 ( ) ( )11 17.32051 10 P+ − + × − =k i j j 0  

has components 

:x   50 800 11 0yD P+ − + =

:y   50 0xD− =

:z   100 17.32051 0P− + =
 ..................................................................................................... Ans. 5.77350 lb 5.77 lbP = ≅
 .................................................................................................................................. Ans. 0 lbxD =

 ................................................................................................. Ans. 14.7298 lb 14.73 lbyD = ≅

Then the x-, y-, and z-components of the force equilibrium equation give 

:x   0 0xC + = 0 lbxC = ............................................ Ans. 

:y   14.7298 40 5.77350 0yC + − − = 31.044 lb 31.0 lbyC = ≅ ............... Ans. 

:z   0zC = 0 lbzC = ............................................ Ans. 
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From a free-body diagram of the platform the equilibrium equations give 

0 :xF→Σ =  cos cos 0AC BDF Fθ θ− =  

0 :yF↑Σ =  sin sin 0AC BDF F Pθ θ+ − =  

  BD ACF F=

 2 sinACP F θ=  

Then from a free-body diagram of the screw-block A,  
the equilibrium equations give 

0 :xF→Σ =  800 cos cos 0AC AEF Fθ θ− − =  

0 :yF↑Σ =  sin sin 0AE ACF Fθ θ− =  

 
400

cosAE ACF F
θ

= =  

Therefore 

15θ = °   414.110 NACF = 214 NP = .................... Ans. 

30θ = °   461.880 NACF = 462 NP = .................... Ans. 

45θ = °   565.685 NACF = 800 NP = .................... Ans. 
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From an overall free-body diagram, the equations of equilibrium give 

0 :xF→Σ =   0xA E− =

0 :yF↑Σ =   25 0yA − =

0 :AMΣ =   ( )3 25 21 0E− =

  3.57143 lbxA E= =

  25 lbyA =

Assume that the weight of the seat back is very small compared to  
the weight of the seat.  Then the center of gravity of the seat and the  
center of gravity of the entire chair are the same point.  A free-body  
diagram of the seat gives 

0 :xF→Σ =  cos 0BD xT Cθ − =  

0 :yF↑Σ =  sin 25 0y BDC T θ+ − =  

0 :CMΣ =  ( ) ( ) ( )3 25 12 sin 1 cos 0BD BDT Tθ θ− + =  

in which 1 10tan 39.806
12

θ −= = °  

  10.8476 lbBDT = 4.76188 lbxC =  18.0555 lbyC =  

  25.3 lb=A  .......................................................................................................... Ans. 81.87°
  10.85 lbBD =T  .................................................................................................... Ans. 39.81°

  18.67 lb=C  ........................................................................................................ Ans. 75.23°
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From an overall free-body diagram, the equations of equilibrium give 

0 :xF→Σ =  ( )500 3 750 0xA + × + =  

0 :yF↑Σ =  900 0yA C− + =  

0 :AMΣ =  ( )( ) ( ) ( )4 3 500 3 4 900 3 750 0C − × − − =  

  2587.50 NC =
  2250 NxA = − 1687.50 NyA = −  

 
Next, draw a free-body diagram of the bar ABC.  Note that the forces 

xA  and  are the forces exerted on bar ABC by the support (the same  yA
forces that are shown on the overall free-body diagram) and that the forces  

AxF  and  are the forces exerted on bar ABC by the bar AyF
ADE.  The equations of equilibrium give 

0 :xF→Σ =   0x x AxA B F+ − =

0 :yF↑Σ =   0y Ay yA F B C− − + =

0 :AMΣ =   ( )4 2587.50 2 0yB− =

  5175.00 NyB = 4275.00 NAyF = −  

Finally, from a free-body diagram of the bar ADE 

0 :xF→Σ =   750 0Ax xF D+ + =

0 :yF↑Σ =   900 0Ay yF D+ − =

0 :DMΣ =   ( )1.5 2 4275AxF − −

  ( ) ( )2 900 1.5 750 0− − =

  3750 NAxF = −

  3000 NxD = 5175 NyD =  

  5690 N=A  ........................................................................................................... Ans. 48.7°
  5980 N=D  ........................................................................................................... Ans. 59.9°
  1170 N=E  ............................................................................................................ Ans. 50.2°
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First draw a free-body diagram of the lower jaw,  
and write the equations of equilibrium 

0 :xF→Σ =   0xC− =

0 :yF↑Σ =   0yD C E− − =

0 :DMΣ =   3 2yC E− = 0

  0xC =

  1.5 yE C=

Next, from a free-body diagram of the lower handle,  
the equations of equilibrium give 

0 :xF→Σ =   0 0xB− =

0 :yF↑Σ =   50 0y yC B+ − =

0 :BMΣ =   ( )1 20 50yC − = 0

  1000 lbyC =

  0 lbxB = 1050 lbyB =  

 ............................................................................................................................. Ans. 1500 lbE =
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  ( )100 9.81 981 NW = =

 
2500 1875cos

1200
θ −
=  58.612θ = °  

 
300 150sintan

1875 150cos
θφ
θ

−
=

−
 5.466φ = °  

There are two rollers (one on each side of the door) at B and D,  
hence the  and 2  on the free-body diagram 2 BN CN

0 :xF→Σ =  cos 2 0BT Nφ − =  

0 :yF↑Σ =  sin 2 981 0CT Nφ + − =  

0 :DMΣ =  ( )( ) ( )( ) ( )( )1050cos 981 150cos 2 1350sin 2 0C BN Nθ θ θ− − =  

Substituting the first two equations into the third gives 

 ( )( ) ( )( ) ( )( )1050cos 981 150cos 981 sin 1350sin cos 0T Tθ θ φ θ− − − φ =  

 ...................................................................................................... Ans. 403.455 N 403 NT = ≅
 ................................................................................................... Ans. 200.812 N 201 NBN = ≅

 ................................................................................................... Ans. 471.283 N 471 NCN = ≅
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(a) First draw an overall free-body diagram.  The force of the  

ground on the track of the crane is equivalent to a single  
concentrated force  acting at some location on the treads.   N
As the load increases, the distance  gets smaller and  d
smaller.  The maximum load that the crane can lift  
corresponds to d .  Then, summing moments about  0=
the point where the normal force acts gives 

  ( ) ( )(9 12,000 12cos30 1 600− °− )
 ( )( )24cos30 1 1 0W− °− + =  

 .....................................................Ans. 4930 lbW =
 
 
 
(b) Next, from a free-body diagram of the pulley at the end of the boom  

the equations of equilibrium give  

0 :xF→Σ =   3600cos10 0xB − ° =

0 :yF↑Σ =   3600 3600sin10 0yB − − ° =

  3545.3079 lbxB =

  4225.1334 lbyB =

 Finally, from a free-body diagram of the boom the equations of  
equilibrium give 

0 :xF→Σ =   ( )3545.3079 cos10 0xA T− − ° =

0 :yF↑Σ =  ( )600 sin10 4225.1334 0yA T− − °− =  

0 :AMΣ =  

  ( ) ( )(24 sin 20 24sin 30 3545.3079T ° + ° )
 ( )( ) ( )( )12cos30 600 24cos30 4225.1334 0− ° − ° =  

 ............................................................................................... Ans. 6275.1466 lb 6280 lbT = ≅
(c)  9725.1209 lbxA = 5914.8012 lbyA =  

  11,380 lb=A  ........................................................................................................ Ans. 31.3°
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From an overall free-body diagram, the equations of equilibrium give 

0 :AMΣ =   

 ( ) ( )( )1.8cos30 0.9sin 30 2P° − °  

 ( )( )2.7sin 30 0.6sin 30 1− °+ °  

 ( )( )2.7sin 30 1.8sin 30 0.3 10 0− °+ ° + =  

 .......................................................... Ans. 17.99 kNP =
Next, from a free-body diagram of the bucket,  
the equations of equilibrium give 

0 :xF→Σ =   0x EIG T− =

0 :yF↑Σ =  10 0yG − =  

0 :GMΣ =  ( ) ( )1.2cos30 0.3 10 0EIT° − =  

 ........................................Ans. 2.88675 kN 2.89 kN (T)EIT = ≅

  2.88675 kNxG = 10.00 kNyG =  

Finally, from a free-body diagram of the arm DEFG,  
the equations of equilibrium give 

=

0 :xF→Σ =   ( ) ( )2.88675 2.88675 cos 0x BFD F φ− − + =

0 :yF↑Σ =  ( )10 1 sin 0y BFD F φ− − + =  

0 :DMΣ =  ( )( ) ( )( )0.6cos30 2.88675 0.6sin 30 1° − °  

 ( )( ) ( )( )1.2cos30 cos 1.2sin 30 sinBF BFF Fφ φ+ ° + °  

 ( )( ) ( )( )1.8cos30 2.88675 1.8sin 30 10 0− ° − °  

in which 

 
1.8cos30 1.2cos30tan
1.8sin 30 1.2sin 30

φ °− °
=

°+ °
 19.107φ = °  

 .....................................Ans. 10.43807 kN 10.44 kN (C)BFF = ≅

  9.86303 kNxD = 7.58627 kNyD =  

  12.44 kN=D  ........................................................................................................ Ans. 37.6°
  10.41 kN=G  ........................................................................................................ Ans. 73.9°
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First draw a free-body diagram of the wheel.  It is stated that  
the pin B is at or near the surface of the wheel.  Then, the  
equations of equilibrium give 

0 :axleMΣ =   2 2P B− = 0

  P B=
 
 
Next, from a free-body diagram of the platform,  
the equations of equilibrium give 

0 :xF→Σ =  cos 0DE xF Cθ − =  

0 :yF↑Σ =  sin 80 0y DEC F θ+ − =  

0 :CMΣ =  ( ) ( )3 cos 2 80DEF θ − = 0  

 1 2sin 30
4

θ −= = °  

  61.5840 lbDEF =

  53.3333 lbxC = 49.2080 lbyC =  

 
Finally, from a free-body diagram of the arm ABC,  
the equations of equilibrium give 

0 :xF→Σ =   ( )53.3333 sin 0 0xA B θ+ − = =

0 :yF↑Σ =   ( )cos 49.2080 0yA B θ+ − =

0 :AMΣ =  ( )( ) ( )( )2 4cos 49.2080 4sin 53.3333 0B θ θ− −  =

  138.5641 lbB =
  15.9487 lbxA = 70.7920 lbyA =  

  72.6 lb=A  ............................................................................................................ Ans. 77.3°
  138.6 lb=B  .............................................................................................................. Ans. 60°
  72.6 lb=C  ............................................................................................................ Ans. 42.7°
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The weight of the bar AB is 

  ( )25 9.81 245.25 NW = =

From a free-body diagram of the bar AB,  
the equations of equilibrium give 

0 :xF→Σ =   sin 30 sin 45 0A B° − ° =

0 :yF↑Σ =   cos30 cos 45 0A B W° + °− =

0 :BMΣ =  ( ) ( )( )0.5cos 1cos cos30W Aθ θ− °  

 ( )( )1sin sin 30 0Aθ+ ° =  

 
Since  adding the first two equations together gives sin 45 cos 45° = °

  ( )sin 30 cos30A W° + ° =

Substituting this result into the third equation gives 

 ( ) ( )cos30 cos sin 30 sin 0.5cos sin 30 cos30A Aθ θ θ° − ° = °+ °    

 
Dividing by cosA θ  gives 

  ( ) (2 cos30 sin 30 tan sin 30 cos30θ°− ° = °+ °)

 
( )2cos30 sin 30 cos30

tan
2sin 30

θ
°− °+ °

=
°

 

 20.10θ = ° ............................................................................................................................... Ans. 
(Actually, this result is independent of both the length and weight of the bar.) 
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  ( )25 9.81 245.25 NW = =

 2 2

0.65 0.95
0.65 0.95

0.56468 0.82531

CD CD

CD CD

F

F F

+
=

+
= +

j kF

j k
 

Moment equilibrium about B 

:BΣ =M 0  

 ( ) ( ) ( ) ( )1.2 0.6 0.5 245.25y zA A× + + + × −i j k i j k  

 ( ) (1.6 0.65 0.56468 0.82531CD CDF F+ + × + =i )j j k 0  

has components 

:x   122.625 0.53645 0CDF− + =

:y   1.2 147.150 1.32050 0z CA F− + − =D

:z   1.2 0.90349 0y CA F+ =D

 .................................................................................................. Ans. 228.586 N 229 NCDF = ≅

 ............................................................................................ Ans. 172.104 N 172.1 NyA = − ≅ −

 ............................................................................................... Ans. 129.915 N 129.9 NzA = − ≅
 

Then the x-, y-, and z-components of the force equilibrium equation give 

:x  0xB =  

:y  ( ) ( )172.104 0.56468 228.586 0yB− + + =  

:z  ( ) ( )129.915 0.82531 228.586 245.25 0zB− + + − =  

 .................................................................................................................................. Ans. 0 NxB =

 ..................................................................................................... Ans. 43.026 N 43.0 NyB = ≅

 .................................................................................................. Ans. 185.511 N 185.5 NzB = ≅
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From a free-body diagram of pipe A, the equations of equilibrium are 

0 :xF→Σ =  sin 0A ABN F θ− =  

0 :yF↑Σ =   ( )cos 5 9.81 0ABF θ − =

where 

 1 150sin
150

bθ − −
=  

Therefore 

 
49.05  N
cosABF

θ
=  

 sin  NA ABN F θ=  

(a)  for ..................Ans. 50 NAN < 260 mmb <

(b)  for ...............Ans. 100 NABF < 280 mmb <

(c)  for ...............Ans. 200 NABF < 295 mmb <
 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

1-45  
From a free-body diagram of the ring, the equations of equilibrium are 

0 :xF→Σ =  sin cos 0AB BDT Tφ θ− =  

0 :yF↑Σ =  cos sin 250 0AB BDT Tφ θ− − =  

where 

 1sin
5
bφ −=  

 
( )1 5 1 cos

sin
3

φ
θ − −
=  

 
Therefore 

 
cos

sin
BD

AB
TT θ

φ
=  

 
250sin  lb

cos cos sin sinBD
φ

θ φ θ φ
=

−
T  

 
250cos  lb

cos cos sin sinABT θ
θ φ θ φ

=
−

 

(a)  occurs when T  goes negative maxb BD

(after it goes to infinity); 

 ...................................................Ans. max 3.90 ftb ≅
 (At this point, the rope will straight from D to B to A.) 

(c) To pull further to the side, the worker needs a longer rope to pull on or he needs to attach 
his rope lower - closer to the crate. ..........................Ans. 
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  ( )50 9.81 490.50 NW = =

The cable is continuous, therefore the tension in the cable is continuous  
(equal to the force ); and from a free-body diagram of the pulley,  P
the equations of equilibrium give 

0 :xF→Σ =  cos cos 0P Pθ φ− =  

0 :yF↑Σ =  sin sin 0P P Wθ φ+ − =  

 1tan
1.5
dφ θ −= =  

 
2sin

WP
θ

=  

 
 
(a)  .............................Ans. 2P W< 387 mmd >
(b)  ..............................Ans. 4P W< 189 mmd >
(c)  ................................Ans. 8P W< 94 mmd >
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 1tan
20AB
dθ −=  1tan

10BC
dθ −=  

 
From a free-body diagram of the stop light,  
the equations of equilibrium give 

0 :xF→Σ =  cos cos 0BC BC AB ABT Tθ θ− =  

0 :yF↑Σ =  sin sin 75 0AB AB BC BCT Tθ θ+ − =  

 
Solving yields 

 
75cos

sin cos cos sin
BC

AB
BC AB BC AB

T θ
θ θ θ

=
+ θ

 

 
75cos

sin cos cos sin
AB

BC
BC AB BC AB

T θ
θ θ θ

=
+ θ
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  ( )6800 9.81 66,708 NW = =

From a free-body diagram of the truck,  
the equilibrium equations are 

0 :xF→Σ =  sin 0xP Bθ − =  

0 :yF↑ Σ =  66,708 cos 0y yA B P θ+ − − =  

0 :BMΣ =  ( )( ) ( )( )66,708 2.4 4.4 cos 1.5yA P θ− −  

 ( )( )sin 3 0P θ− =  

The fourth equation needed to solve for the four unknowns is either 0yA =  (the front wheels are on the verge of 

lifting off the ground) or 0.8x yB B=  (the rear wheels are on the verge of slipping).  Guessing that the front wheels 
are on the verge of lifting off the ground gives the solution 

  0 NyA =

 
( )66,708 2.4

 N
1.5cos 3sin

P
θ θ

=
+

 

 sin  NxB P θ=  

 66,708 cos  NyB P θ= +  

The forces xB  and 0.8 yB  are plotted on the same  

graph as the force .  Since P xB  is always less than  

0.8 yB , the guess that the front wheels are on the verge  
of lifting off the ground was the correct guess, and the  
solution is valid for all values of θ . 
  
  
 ............................................................................................................................. Ans. 1500 lbE =
  10.85 lbBD =T  .................................................................................................... Ans. 39.81°

  18.67 lb=C  ........................................................................................................ Ans. 75.23°
 
 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

1-49  
From a free-body diagram of the I-beam,  
the equations of equilibrium give 

0 :DMΣ =   ( ) ( )400 3 1000 7 6 0d F+ − + =

0 :FMΣ =  ( ) ( )6 1000 1 400 3 0D d− − − =  

 
( )1000 1 1200

6
d

D
− +

=  

 
( )1000 7 1200

6
d

F
− +

=  

 
Next, from a free-body diagram of the joint D,  
the equations of equilibrium give 

0 :xF→Σ =  cos 0CD DET Tφ− − =  

0 :yF↑Σ =  sin 0CDT Dφ − =  

 
sinCD

DT
φ

=  
tanDE

DT
φ

−
=  

in which 

 1 1tan 18.435
3

φ −= = °  

By inspection, members CE and CF are both zero-force  
members.  Therefore the tension force in member BC  
will be the same as the tension force in member CD and  
the compression force in member EF will be the same as  
the compression force in member DE, 

 
sinBC

DT
φ

=   0CFT =

 
tanEF

DT
φ

−
=  

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

1-50  
From an overall free-body diagram of the light pole, 

 1 1.75tan
b

θ −=  1 2.75tan
5

bφ − −
=  

the moment equation of equilibrium gives 

0 :AMΣ =   ( ) ( )2 7500 2.75 cos 0GHT θ− =

 
( )2 7500

2.75cosGHT
θ

=  

It will be assumed that the cable DG supports the end of the  
arm BG and that the connection of the horizontal arm BG to the  
vertical pole ABCD exerts negligible moment on the arm. 
(If the connection could provide a sufficient moment, then the  
cable between D and G would not be necessary.) 

Then, from a free-body diagram of the pin G,  
the equations of equilibrium give 

0 :xF→Σ =  sin cos 0BG GH DGF T Tφ θ+ − =  

0 :yF↑Σ =  sin cos 0DG GHT Tθ φ− =  

 
cos

sin
GH

DG
TT φ

θ
=  

 
cos cos sin sin

sinBG GHF T φ θ φ
θ
−

=
θ
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From an overall free-body diagram of the crane,  
the equations of equilibrium give 

0 :yF↑Σ =   12,000 600 0N W− − − =

0 :CMΣ =  ( )( ) ( )( )9 12,000 12cos 1 600θ− −  

   ( )24cos 1 1 0W Ndθ− − + − =

  ( )12,600  lbN W= +

 
( )108,600 7200 24 cos

ft
12,600

W
d

W
θ− +

=
+

 

(a) For W  3600 lb=

 
108,600 93,600cos  ft

16,200
d θ−
=  

 
(b) From a free-body diagram of the pulley at B,  

 
24sin 6tan
24cos 9

θφ
θ
−

=
+

 

 and the equations of equilibrium give 

0 :xF→Σ =  3600cos 0xB φ− =  

0 :yF↑Σ =  3600 3600sin 0yB φ− − =  

 3600cosxB φ=  ( )3600 1 sinyB φ= +  

 From a free-body diagram of the boom,  
the equations of equilibrium give 

0 :xF→Σ =  cos 0x xA B T φ− − =  

0 :yF↑Σ =  sin 600 0y yA B T φ− − − =  

0 :AMΣ =  ( ) ( )( )24sin 12cos 600Tθ φ θ− −    

   ( ) ( )24sin 24cos 0x yB Bθ θ+ − =

 
( )

( )
7200 24 cos 24 sin

24sin
y xB B

T
θ θ

θ φ

+ −
=

−
 

 cosx xA B T φ= +  

 sin 600y yA B T φ= + +  

 2 2
x yA A A= +  

 Note that the tension force becomes negative for  
an angle of about .  Since negative forces in  66°
the cable are not possible, the boom would topple  
over onto the top of the cab of the crane if the 
operator tried to lift higher than . 66°
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1-51 (cont.) 
(c) For d  1 ft=

 
( )108,600 7200 24 cos

1 ft
12,600

W
d

W
θ− +

= =
+

 

 max
96,000 7200cos  lb

1 24cos
W θ

θ
−

=
+
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  ( )250 9.81 2452.50 NW = =

(a) From a free-body diagram of the post AB,  
moment equilibrium gives 

0 :BMΣ =   ( ) ( )6 sin 60 3cos 0BCT Wθ° − =

 
( )( )2452.50 3cos

6sin 60BCT
θ

=
°

 

 
 Since the pin at A is frictionless and the weight of the brace AC is  

neglected, the brace AC is a two-force member and from a free-body  
diagram of the pin C, the equations of equilibrium give 

0 :xF→Σ =  ( ) ( )cos 60 cos 60 cos 0AC BC CDF T Tθ θ°+ + °− − =φ  

0 :yF↑Σ =  ( ) ( )sin 60 sin 60 sin 0AC BC CDF T Tθ θ°+ − °− − =φ  

 
( ) ( )
( ) ( )

cos 60 sin sin 60 cos
sin 60 cos cos 60 sinAC BCF T

θ φ θ φ
θ φ θ φ

°− + °−
=

°+ − °+
 

 
( ) ( )cos 60 cos 60

cos
AC BC

CD

F T
T P

θ θ
φ

°+ + °−
= =  

 in which 

 
( )
( )

6sin 606sintan
7 6cos 7 6cos 60

θβφ
β θ

°+
= =

+ + °+
 

 
 
 
 
 
 
 For this arrangement, the force  necessary to start  P

raising the post  is almost as large as the  (2300 N)
weight of the post ( ) . 2450 N
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(b) From a free-body diagram of the post AB,  

moment equilibrium now gives 

0 :BMΣ =   ( ) ( )6 sin 67.5 3cos 0BCT Wθ° − =

 
( )( )2452.50 3cos

6sin 67.5BCT
θ

=
°

 

 
 Again, since the pin at A is frictionless and the weight of the brace 

 AC is neglected, the brace AC is a two-force member and from a  
free-body diagram of the pin C, the equations of equilibrium give 

0 :xF→Σ =  

 ( ) ( ) ( )cos 45 cos 67.5 cos 22.5 0AC BC CDF T Tθ θ°+ + °− − °− =  θ

θ

0 :yF↑Σ =  

 ( ) ( ) ( )sin 45 sin 67.5 sin 22.5 0AC BC CDF T Tθ θ°+ − °− + °− =  

 
( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

sin 67.5 cos 22.5 cos 67.5 sin 22.5
sin 45 cos 22.5 cos 45 sin 22.5AC BCF T

θ θ θ
θ θ θ θ

°− °− − °− °−
=

°+ °− + °+ °−
θ

 

 
( ) ( )

( )
cos 45 cos 67.5

cos 22.5
AC BC

CD

F T
T

θ θ
θ

°+ + °−
=

°−
 

 
 Finally, since the weight of the brace AD is also neglected, the brace  

AD is also a two-force member and from a free-body diagram of the  
pin D, the equations of equilibrium give 

0 :xF→Σ =  ( ) ( )cos 90 cos 22.5 cos 0AD CD DEF T Tθ θ− °− + °− − φ =  

0 :yF↑Σ =  ( ) ( )sin 90 sin 22.5 sin 0AD CD DEF T Tθ θ°− − °− − =φ  

 
( ) ( )
( ) ( )

cos 22.5 sin sin 22.5 cos
cos 90 sin sin 90 cosAD CDF T

θ φ θ φ
θ φ θ φ

°− + °−
=

°− + °−
 

 
( ) ( )cos 22.5 cos 90

cos
CD AD

DE

T F
T P

θ θ
φ

°− − °−
= =  

  
  
 Note that the force in the brace AD goes to zero at 

about 75θ = ° .  For 75 90θ° ≤ ≤ ° , the solution  
becomes similar to that of part a (with the angle  
between the post and the brace AC  rather  45°
than ). 60°

 
 For this arrangement, the force  necessary to start  P

raising the post  is about 25%  less than  (1700 N)
the force required using a single brace (part a). 
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 12.5cos 2a θ= −  

 12.5sin 0.5b θ= +  

 1tan b
a

φ −=  

 
 
From a free-body diagram of the truck box,  
the equations of equilibrium give 

0 :xF→Σ =  cos 0xA C φ− =  

0 :yF↑Σ =  sin 22,000 0yA C φ+ − =  

0 :AMΣ =  ( ) ( )8.5 22,000cos 2.5 22,000sinθ θ−  

 ( )12.5 sin 0C φ θ− − =    

 
( )

187,000cos 55,000sin
12.5sin

C θ θ
φ θ
−

=
−

 

 cosxA C φ=  

 22,000 sinyA C φ= −  

 2 2
x yA A A= +  
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0 :xF→Σ =   75 100 50 0ABT− − + − =

 ............................................... Ans. 25 kN 25 kN (C)ABT = − =

0 :xF→Σ =   100 50 0BCT− + − =

 ............................................... Ans. 50 kN 50 kN (T)BCT = + =

0 :xF→Σ =   50 0CDT− − =

 ............................................... Ans. 50 kN 50 kN (C)CDT = − =
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0 :xF→Σ =   0V− =

0 :yF↑Σ =   90 120 0P− − =

0 :cutMΣ =  ( ) ( )90 5 8 120 1.5 0M− − − =  

 .................................................................................................Ans. 0 lbV =
 ......................................................................Ans. 30 lb 30 lb (C)P = − =

 .................................................................................Ans. 236 lb in.M = − ⋅
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Next, from a free-body diagram of the man standing on the beam,  
the equations of equilibrium give 

0 :xF→Σ =   0xC =

0 :yF↑Σ =  ( ) ( )75 9.81 40 9.81 0yT T− + − +C =  

0 :CMΣ =  ( ) ( )3 75 9.81 1.5 40 9.81 3 1.5 0T T+ − −        =

  621.300 NT = 114.450 NyC = −  

 
Next, draw a free-body diagram of the portion of the beam  
between section a–a and the right end of the beam.  Note that  
since one-fourth of the beam has been “cut away,” only three- 
fourths of the total beam weight is included on the free-body  
diagram.  The equations of equilibrium give 

0 :xF→Σ =   0 0aP− + =

0 :yF↑Σ =   ( ) ( )621.3 30 9.81 114.450 0aV + − − =

0 :aMΣ =  ( ) ( ) ( )0.75 621.3 1.125 30 9.81 2.25 114.450 0aM− + − − =    

 ........................ ................................................................................. Ans. 0 NaP = 213 NaV = −

 ............................................................................................................... Ans. 122.6 N maM = − ⋅
 
Finally, draw a free-body diagram of the portion of the beam between  
section b–b and the right end of the beam.  This time three-fourths of the  
beam has been “cut away” and only one-fourth of the total beam weight is  
included on the free-body diagram.  The equations of equilibrium give 

0 :xF→Σ =   0 0bP− + =

0 :yF↑Σ =   ( )10 9.81 114.450 0bV − − =

0 :bMΣ =  ( ) ( )0.375 10 9.81 0.75 114.450 0bM− − − =    

 ........................ .................................................................................... Ans. 0 NbP = 213 NbV =

 ................................................................................................................ Ans. 122.6 N mbM = − ⋅
 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

1-57*  
From an overall free-body diagram of the bracket,  
the equations of equilibrium give 

0 :xF→Σ =   cos 45 0xA B+ ° =

0 :yF↑Σ =   sin 45 500 0yA B+ °− =

0 :AMΣ =  ( ) ( ) ( )5 500 15 cos 45 15 sin 45 0B B− ° − ° =  

  117.85113 lbB =
  83.3333 lbxA = − 416.6667 lbyA =  

 
Next, draw a free-body diagram of the portion of the bracket between  
section a–a and pin A.  The equations of equilibrium give 

0 :xF→Σ =   83.3333 0V − =

0 :yF↑Σ =   416.6667 0P + =

0 :aMΣ =   ( )8 83.3333 0M − =

 .................................................. Ans. 417 lb 417 lb (C)P = − =

 ............................................................................ Ans. 83.3 lbV =
 .................................................................... Ans. 667 lb in.M = ⋅
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From a free-body diagram of the lower half of the clamp,  
the equations of equilibrium give 

0 :xF→Σ =   0V =

0 :yF↑Σ =   2000 0P − =

0 :cutMΣ =   ( )0.075 2000 0M + =

 .................................................................... Ans. 2000 N (T)P =

 .................................................................................. Ans. 0 NV =
 ............................................................... Ans. 150.0 N mM = − ⋅
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1-59*  
Draw free-body diagrams of the sections of the tower between  
the points of interest and the top.  For each section, the vertical  
component of the equation of equilibrium gives 

0 :yF↑Σ =   ( )2000 3 1500cos30 0AP W− − ° − =

  ( )40 50 2000 lbW = =

 ....................................................Ans. 7900 lbAP =
  

0 :yF↑Σ =  ( ) ( )2000 3 1500cos30 3 1250cos 40 0BP W− − ° − ° − =  

  ( )40 150 6000 lbW = =

 .....................................................................................Ans. 14,770 lbBP =
  

0 :yF↑Σ =   ( )2000 3 1500cos30CP W− − ° −

  ( ) (3 1250cos 40 3 1000cos50 0− ° − )° =

)°
=

  ( )40 250 10,000 lbW = =

 ............................................ Ans. 20,700 lbCP =

0 :yF↑Σ =   ( )2000 3 1500cos30DP W− − ° −

  ( ) (3 1250cos 40 3 1000cos50− ° −

  ( )3 750cos 60 0− °

  ( )40 350 14,000 lbW = =

 ....................................................................................Ans. 25,800 lbDP =
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The weights of the two cylinders are the same 

  ( )50 9.81 490.5 NW = =

First draw a free-body diagram of the upper cylinder,  
and write the equations of equilibrium 

0 :xFΣ =Z   2 sin 27 0N W− ° =

0 :yFΣ =^   1 cos 27 0N W− ° =

  1 437.0387 NN =

  2 222.6823 NN =
Next, from a free-body diagram of the lower cylinder, the equations of equilibrium give 

0 :xFΣ =Z   4 2 sin 27 0N N W− − ° =

0 :yFΣ =^   3 cos 27 0N W− ° =

  3 437.0387 NN = 4 445.3647 NN =  
Next, from a free-body diagram of the rack,  
the equations of equilibrium give 

0 :xF→Σ =   ( )4 1 3cos 27 sin 27 sin 27 0xA N N N B− °+ + °− ° =

=0 :yF↑Σ =   ( )4 1 3sin 27 cos 27 cos 27 0yA N N N B− °− + °+ °

0 :AMΣ =  ( ) ( )120 445.3647 320 437.0387−  

  ( )120 437.0387 580 0B− + =

  239.4022 NB =
  902.3320 NxA = 767.6911 NyA =  

Finally, from a free-body diagram of the upper portion of the rack (between section a and the roller support B),  
the equations of equilibrium give 

0 :xFΣ =Z   0P− =

0 :yFΣ =^   1 0B V N− − =

0 :cutMΣ =   10.360 0.100 0B M N− − =

 ...............................................................................Ans. 0 NP =
 ....................................................................Ans. 197.6 NV = −
 .................................................................Ans. 42.5 N mM = ⋅
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From a free-body diagram of the lower portion of  
the crutch (between section a and the bottom B),  
the equations of equilibrium give 

0 :xFΣ =Z   35sin 25 0V − ° =

0 :yFΣ =^   35cos 25 0P + ° =

0 :cutMΣ =   ( )2 35sin 25 0M− − ° =

 ............................................Ans. 31.7 lb 31.7 lb (C)P = − =

 .......................................................................Ans. 14.79 lbV =
 ..................................................................Ans. 29.6 lb ftM = ⋅
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From a free-body diagram of the wheel, the equations of equilibrium give 

0 :BMΣ =   ( )325 150 2700 0CDF − =

  1246 NCDF =
Since CD is a two-force member, the axial force on every cross section is 
the same 
 ........................................................................Ans. 1246 N (C)P =
and the shear force and the bending moment are both zero 
 ......................................................................................Ans. 0 NV =
 ..............................................................................Ans. 0 N mM = ⋅
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From a free-body diagram of the handle, the equations of equilibrium give 

0 :FMΣ =   ( )30 1000 8 0DEF− =

  3750 lbDEF =
Since DE is a two-force member, the axial force on every cross section is 
the same 
 ................................................................... Ans. 3750 lb (C)P =
and the shear force and the bending moment are both zero 
 .................................................................................................Ans. 0 lbV =
 ..........................................................................................Ans. 0 lb ftM = ⋅
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First draw an overall free-body diagram of the shaft  
and sum moments about the bearing B 

:CΣ =M 0  

 ( ) ( ) ( ) ( )800 250 5 800 250 30− + × − + − − × −j i k j i k  

 ( ) ( ) ( ) ( )2000 250 30 2000 250 5+ − + × + − − ×j k i j k i  

 ( ) ( )2800 x zB B+ − × + =j i k 0  

The x-, y-, and z-components of this equation give 

:x   4000 24,000 2800 0zB+ − =

:y   1250 7500 7500 1250 0− + − =

:z   60,000 10,000 2800 0xB+ + =

  25.00 kNxB = − 10.00 kNzB =  

Next draw a free-body diagram of the portion of the shaft between the  
bearing B and the section at A and write the equations of equilibrium 

0 :xFΣ =   30 5 25 0xV + + − =

0 :yFΣ =   0yP =

0 :zFΣ =   10 0zV + =

 .......................................................................... Ans. 10 kNxV = −

 .............................................................................. Ans. 0 kNyP =

 .......................................................................... Ans. 10 kNzV = −

:cutΣ =M 0  

 ( ) ( ) ( )0.4 0.25 30x y zM T M+ + + − + ×i j k j k i  

 ( ) ( ) ( ) ( )0.4 0.25 5 1.2 25 10+ − − × + − × − + =j k i j i k 0  

The x-, y-, and z-components of this equation give 

:x   12 0xM − = 12 kN mxM = ⋅ ................................. Ans. 

:y   7.5 1.25 0yT + − = 6.25 kN myT = − ⋅ ............................ Ans. 

:z   30 12 2 0zM − + + = 16 kN mzM = ⋅ ................................. Ans. 
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First draw a free-body diagram of the blocks,  
and write the equations of equilibrium 

0 :xF→Σ =   0C AN N− =

0 :yF↑Σ =   30 0C AF F+ − =

0 :AMΣ =   ( ) ( )8 30 16 0CF− =

  C AN N= 15 lbC AF F= =  

 
Next, from a free-body diagram of the left handle,  
the equations of equilibrium give 

0 :xF→Σ =   0x CB N− =

0 :yF↑Σ =  ( )30 15 0yB− − =  

0 :BMΣ =   ( ) ( )4 30 4 15 4 0CN+ − =

  45 lbCN =

   45 lbxB = 15 lbyB =

Next, from a free-body diagram of the lower section of the left handle,  
the equations of equilibrium give 

0 :xF→Σ =   45 0P − =

0 :yF↑Σ =   15 0V − =

0 :cutMΣ =   ( )4 45 0M − =

 ........................................................................................Ans. 45 lbP =
 ......................................................................................................Ans. 15 lbV =
 ...........................................................................................Ans. 180 lb in.M = ⋅
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  ( )360 9.81 3531.60 NW = =

From a free-body diagram of the bar ABC,  
the equations of equilibrium give 

0 :xF→Σ =  cos 0x BDA F φ− + =  

0 :yF↑Σ =  sin 0y BDA F Wφ− + − =  

0 :AMΣ =   ( ) ( )1430 sin 2700cos16 0BDF Wβ − ° =

 
900 1430sin16tan
1430cos16 890

h
b

φ + °
= =

°−
 

 69.471φ = °  16 53.471β φ= − ° = °  

  7976.730 NBDF =

  2797.2911 NxA = 3938.5663 NyA =  

Then, from a free-body diagram of the left section of the bar,  
the equations of equilibrium give 

0 :xFΣ =Z   cos16 sin16 0x yP A A− °− ° =

0 :yFΣ =^   sin16 cos16 0x yV A A+ °− ° =

0 :cutMΣ =  ( ) ( )0.530sin16 0.530cos16 0x yM A− ° + ° A =  

 .................................................................... Ans. 3770 NP =
 .................................................................................................Ans. 3010 NV =
 .......................................................................................Ans. 1598 N mM = − ⋅
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From a free-body diagram of the pipe the moment equilibrium equation 

:cutΣ =M 0  

 ( ) ( ) ( )7 18 10 50x y zM T M+ + + − + + × − =i j k i j k k  0

has x-, y-, and z-components 

:x   .............. Ans. 900 0xM − = 900 lb in.xM = ⋅

:y   ................ Ans. 350 0yT − = 350 lb in.yT = ⋅

:z   .................. Ans. 0zM = 0 lb in.zM = ⋅
and the force equilibrium equation has components 

0 :xFΣ =   0xV = 0 lbxV = ................................................................................. Ans. 

0 :yFΣ =   0yP = 0 lbyP = ................................................................................. Ans. 

0 :zFΣ =   50 0zV − = 50 lbzV = .............................................................................. Ans. 
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From a free-body diagram of the bar ABC,  
the equations of equilibrium give 

0 :xF→Σ =   0xA =

0 :yF↑Σ =   3 0y BDA F− + − =

0 :AMΣ =   ( )200 400 3 0BDF − =

  6 NBDF =

   0 NxA = 3 NyA =

Then, from a free-body diagram of the left section of the bar,  
the equations of equilibrium give 

0 :xFΣ =Z   ( )3 sin 0P θ− =

0 :yFΣ =^  ( )3 cos 0V θ− =  

0 :cutMΣ =   ( )( )0.1 3 0M− =

in which 

 1 120tan 30.964
200

θ −= = °  

Then 
 ................................................................. Ans. 1.543 kNP =
 ................................................................................................Ans. 2.57 kNV =
 ..........................................................................................Ans. 0.3 kN mM = ⋅
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From a free-body diagram of a part of the hook,  
the equations of equilibrium give 
 

0 :xFΣ =Z  10cos 0V θ− =  

0 :yFΣ =^  10sin 0P θ− =  

0 :cutMΣ =   ( )10 10sin 0M θ− − =

 10sin  kipP θ= .................................... Ans. 

 10cos  kipV θ= ................................... Ans. 

 100sin  kip in.M θ= − ⋅ ...................... Ans. 

 
 
 
 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

1-70  
From a free-body diagram of the top handle 

0 :AMΣ =  ( ) (93 100 38 sinC )θ−  

  ( )( )35 cos 0d C θ+ − =

 
( )
9300

38sin 35 cos
C

dθ θ
=

− −
 

Note that tan 40dθ = ; therefore 40 tand θ=  and 

 
9300 9300

38sin 35cos 40sin 78sin 35cos
C

θ θ θ θ
= =

− + − θ
 

0 :xF→Σ =  cos 0xC Aθ − =  cosxA C θ=  

0 :yF↑Σ =  sin 100 0yC Aθ − − =  sin 1000yA C θ= −  

Next, from a free-body diagram of the part of the top handle  
to the right of section a–a the equations of equilibrium give 

0 :xFΣ =[  cos sin 0x yP A Aφ φ+ + =  

0 :yFΣ =^  sin cos 0x yV A Aφ φ+ − =  

0 :cutMΣ =   ( )18 tan 18 0x yA Mφ − − =A

 ..................... Ans. ( cos sin  Nx yP A Aφ φ= − − )
 ........................ Ans. ( cos sin  Ny xV A Aφ φ= − )
 ......... Ans. ( )18 tan 18  N mmx yM A Aφ = −  ⋅
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(a) From a free-body diagram of the complete beam,  

the equations of equilibrium give 

0 :AMΣ =  ( )( )20 2.5 4000 0BR x− + =  

0 :yF↑Σ =   4000 0A BR R+ − =

  ( ) ( )200 2.5 200 500  lbBR x x= + = +

  ( )3500 200  lbAR x= −

 Load, shear force, and bending moment diagrams are as shown. 
The moment under the left wheel is 

  ( )23500 200  lb ftC AM xR x x= = − ⋅

 and the moment under the right wheel is 

  ( ) ( )( )15 15 200 500  lb ftD BM x R x x= − = − + ⋅

 These moments are graphed below.  Notice that the maximum  
moment occurs under the right wheel when 0 7.5 mx≤ ≤   
(and the right wheel is closer to the center of the beam) and  
under the right wheel when  (and the left  7.5 15x≤ ≤  m
wheel is closer to the center of the beam). 

(b) The graph of maximum moment is also shown below. 
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  ( )250 9.81 2452.50 NW = =

(a) From a free-body diagram of the post AB,  
the equations of equilibrium give 

0 :xF→Σ =   ( )cos 60 0x BCA T θ− °− =

0 :yF↑Σ =   ( )sin 60 0y BCA T Wθ+ °− − =

0 :BMΣ =   ( ) ( )6 sin 60 3cos 0BCT Wθ° − =

 
( )( )2452.50 3cos

 N
6sin 60BCT

θ 
=  ° 

 

  ( )cos 60  Nx BCA T θ= °−  

  ( )2452.50 sin 60  Ny BCA T θ = − °− 
 
Next, draw a free-body diagram of the lower portion of ABC.   
The weight of this portion is proportional to its length 

 ( )2452.50 408.75  N
6b

Wb bW b
L

= = =  

Then the equations of equilibrium give 

0 :xFΣ =Z  cos sin sin 0x y bP A A Wθ θ θ+ + − =  

0 :yFΣ =^  sin cos cos 0x y bV A A Wθ θ θ− + − =  

0 :cutMΣ =  ( )2 cosbM W b θ+    

 ( ) ( )sin cos 0x yA b A bθ θ+ − =  

 .............Ans. ( ) ( ) 2cos sin 204.375 cos  N my xM A b A b bθ θ θ = − −  ⋅

 .....Ans. ( )408.75 sin cos  Ny xP b A Aθ θ = − − 

 .....Ans. ( )408.75 cos sin  Ny xV b A Aθ θ = − + 
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From a free-body diagram of the collar, the equations of equilibrium give 

0 :xF→Σ =   cos 20 sin 30 0BCT N° − ° =

0 :yF↑Σ =   cos30 sin 20 900 0BCN T° − °− =

  700 lbT =  ..............................................................................Ans. 20°
  1316 lbBCN =  ........................................................................Ans. 60°
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  ( )500 9.81 4905 NW = =

First draw a free-body diagram of joint A, and write the equations of equilibrium 

0 :xF→Σ =   cos30 0AC ABT T+ ° =

0 :yF↑Σ =   sin 30 0ABT W° − =

 ............................................................Ans. 9810 N 9.81 kN (T)ABT = =

 ................................................Ans. 8495.709 N 8.50 kN (C)BCT = − ≅
 
Next, from a free-body diagram of joint C,  
the equations of equilibrium give 

0 :xF→Σ =   cos 60 cos 45 0AC BC CDT T T+ °+ ° =

0 :yF↑Σ =   sin 60 sin 45 0BC CDT T° − ° =

 ................................................Ans. 6219.291 N 6.22 kN (C)BCT = − =

 ................................................Ans. 7617.044 N 7.62 kN (C)CDT = − ≅
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From a free-body diagram of the motor and support,  
the equations of equilibrium give 

0 :xF→Σ =   21 1 0xA − − =

0 :yF↑Σ =   25 0yA B+ − =

0 :DMΣ =  ( ) ( ) ( )12 8 25 10.5 21 5.5 1 0B − + + =  

 ............................. Ans. 2.16667 lb 2.17 lb B = − ≅ ↓
   22 lbxA = 27.16667 lbyA =

  35.0 lb=A  ............................................ Ans. 51.0°
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  ( )135 9.81 1324.50 NW = =

 1 220 75cos 48.769
220

φ − −
= = °  

First draw a free-body diagram of the cylinder.  When the cylinder just starts  
to rotate about the step, the normal force  becomes zero.  Then moment  N
equilibrium gives 

0 :CMΣ =  ( ) ( )220 sin 20 220 cos 20 0W Pφ φ°+ − °+ =       

 ...................................................................................Ans. 3410 NP =
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(a) From a free-body diagram of the entire beam,  

the equations of equilibrium give 

0 :yF↑Σ =  ( )3000 500 6 0A BR R+ − − =  

0 :BMΣ =  

  ( ) ( ) ( )500 6 3 3000 12 1800 18 0AR+ + −   =

 ............................................................................................................ Ans. 2600 lbAR =

 ............................................................................................................. Ans. 3400 lbBR =
 
(b) Next, from a free-body diagram of the left end of the beam,  

the equations of equilibrium give 

0 :yF↑Σ =   ( )2600 3000 0V− − =

0 :cutMΣ =  ( ) ( )( )1800 3000 4 2600 10 0M + + − =  

 ............................................................ Ans. 400 lbV = −
 .................................................. Ans. 12,200 lb ftM = ⋅
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First draw a free-body diagram of the upper jaw.  The resultant of the 
distributed load is a 300  force acting through the centroid of the  N
distributed load.  The equations of equilibrium give 

0 :DMΣ =   ( )225 300 100 0CF− =

0 :CMΣ =   ( )125 300 100 0DF− =

 ........................................................ Ans. 675 N CF = ↓

 ........................................................ Ans. 375 N DF = ↑
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(a) First, from a free-body diagram of the entire frame,  

the equations of equilibrium give 

0 :xF→Σ =   400 0xD − =

0 :yF↑Σ =   1000 0yA D+ − =

0 :DMΣ =   ( ) ( )8 400 2 1000 10 0A+ − =

  520 lbA =
   400 lbxD = 480 lbyD =

 Next, from a free-body diagram of bar ABCD,  
the equations of equilibrium give 

0 :xF→Σ =   ( )400 cos 0x CEB F θ− + =

0 :yF↑Σ =   ( )520 sin 480 0y CEB F θ+ − + =

0 :BMΣ =   ( ) ( ) ( )8 480 2 520 6 sin 0CEF θ− − =

 

 sin 4 5θ =  cos 3 5θ =  

  583.333 lbCEF =

   750 lbxB = 533.333 lbyB = −

 Next, from a free-body diagram of the lower end of bar BEF,  
the equations of equilibrium give 

0 :xFΣ =Z  750cos 533.333sin 0aP θ θ+ + =  

0 :yFΣ =^  750sin 533.333cos 0aV θ θ− + =  

0 :BMΣ =  ( ) ( )2.5 750sin 2.5 533.333cos 0aM θ θ+ − =  

 ................................................Ans. 876.667 lb 877 lb (C)aP = − ≅

 ....................................................................................Ans. 280 lbaV =

 ..........................................................................Ans. 700 lb ftaM = − ⋅
 
(b) Finally, from a free-body diagram of the left end of bar ABCD,  

the equations of equilibrium give 

0 :xFΣ =Z   750 0bP − =

0 :yFΣ =^   520 533.333 0bV + − =

0 :BMΣ =  ( ) ( )3 533.333 5 520 0bM + − =  

 .............................................................................Ans. 750 lb (T)bP =

 .................................................................................Ans. 13.33 lbbV =

 ...........................................................................Ans. 1000 lb ftbM = ⋅

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

1-80  
Next, from a free-body diagram of the upper handle,  
the equations of equilibrium give 

0 :xF→Σ =   0xB =

0 :yF↑Σ =   5 0yB D− − =

0 :BMΣ =  ( )70 5 40 0D− =  

 ....................................................................... Ans. 8.75 N =D ↓
  0 NxB = 13.75 NyB =  

 ............................................. Ans. 13.75 N  (on the pin)= ↓B
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Draw a free-body diagram of the shaft.   
The moment equation of equilibrium 

:AΣ =M 0  

 ( ) ( ) ( ) ( )18 14 32 200x y zB B B P× + + + + × −j i j k i j j k  

 ( ) ( ) ( ) ( )12 6 500 12 6 150+ − + × − + − − × − =j k i j k i  0
has components 

:x   18 32 0zB P− = 266.667 lb 267 lbzB = ≅ .............. Ans. 

:y   14 3000 900 0P− − + = 150 lbP = .......................................... Ans. 

:z   18 2800 6000 1800 0xB− + − − = 277.778 lb 278 lbxB = − ≅ ............ Ans. 

 
Then the x-, y-, and z-components of the force equilibrium equation give 

:x   ( )277.778 500 150 0xA + − − − = 928 lbxA = ........................................ Ans. 

:y   200 0yB+ = 200 lbyB = − ..................................... Ans. 

:z   ( ) ( )266.667 150 0zA + − = 116.7 lbzA = − .................................. Ans. 
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  ( )1 300 9.81 2943 NW = =

  ( )2 100 9.81 981 NW = =

  ( )3 200 9.81 1962 NW = =

  ( )500 9.81 4905 NPW = =

Draw a free-body diagram of the platform.   
The moment equation of equilibrium 

:OΣ =M 0  ( ) ( ) ( ) ( )2943 2 981+ × − + + × −i j k i j k  

 ( ) ( ) ( ) ( )3 3 1962BT+ + × + + × −i j k i j k  

 ( ) ( ) ( ) ( )4 1.5 2 4905CT+ + × + + × − =i j k i j k 0  

has components 

:x   2943 981 5886 4 9810 0B CT T− − + − + − =

:y   2943 1962 3 1962 7357.5 0B CT T+ − + − + =

 .................................................................................. Ans. 3388.909 N 3390 NBT = ≅

 .................................................................................. Ans. 4057.773 N 4060 NCT = ≅

and the z-component of the force equilibrium equation gives 

:z  ( ) ( ) ( ) ( ) ( ) ( )3388.909 4057.773 2943 981 1962 4905 0AT + + − − − − =  

 .................................................................................. Ans. 3344.318 N 3340 NAT = ≅
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From a free-body diagram of the upper half of the clamp,  
the equations of equilibrium give 

0 :xF→Σ =   0V =

0 :yF↑Σ =   300 0P− =

0 :cutMΣ =   ( )3 300 0M − =

 ...................................................................... Ans. 300 lb (T)P =

 .................................................................................. Ans. 0 lbV =
 ...................................................................... Ans. 900 lb ftM = ⋅

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 

1-84  
  ( )100 9.81 981 NT W= = =

  ( )50 9.81 490.50 NPW = =

First draw a free-body diagram of the arm AB and the pulley.   
The moment equation of equilibrium gives 

0 :AMΣ =  

 ( ) ( ) ( )1500 300 981 350 981 650 490.5 0yB − − − =  

  637.650 NyB =

 
Next, from a free-body diagram of the bar BC,  
the equations of equilibrium give 

0 :xF→Σ =  ( )981 0x xC B− + =  

0 :yF↑Σ =   ( )637.5 0yC − =

0 :CMΣ =  ( ) ( )600 300 981 300 637.650 0xB − − =  

  809.325 NxB =

  171.675 NxC = 637.650 NyC =  

 
Finally, from a free-body diagram of the right end of bar AB,  
the equations of equilibrium give 

0 :xF→Σ =   ( )809.325 0P− − =

0 :yF↑Σ =   ( )637.650 0V− =

0 :BMΣ = ( )300 637.650 0M− =  

 ..................................................................................................... Ans. 809 N 809 N (C)P = − =

 ............................................................................................................................... Ans. 638 NV =
 ..................................................................................................................... Ans. 191.3 N mM = ⋅
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10 30 ksiN

A A
σ = = ≤  

 ( )2 2 11  i
4 3iA d 2nπ

= − ≥  

  0.75867 in.id ≤

 0.1207 in.
2

o id dt −
= ≥ .......................................................................................... Ans. 
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( )

( )( ) ( )
3

6 2
40 10

106.6 10  N m 106.6 MPa (T)
0.025 0.015

A
A

A

N
A

σ = = = = ....................... Ans. 

 
( )

( )( ) ( )
3

6 2
50 10

133.3 10  N m 133.3 MPa (T)
0.025 0.015

B
B

B

N
A

σ = = = = ........................ Ans. 

 
( )

( )( ) ( )
3

6 2
20 10

53.3 10  N m 53.3 MPa (T)
0.025 0.015

C
C

C

N
A

σ = = = = ............................ Ans. 
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0 :yF↑ Σ =  ( ) ( ) ( )90 2 75 2 60 2 125 0ABN − − + − =  370 kip (C)ABN =  

0 :yF↑ Σ =  ( ) ( )90 2 75 2 60 0BCN − − + =  120 kip (C)BCN =  

0 :yF↑ Σ =   ( )90 2 75 0CDN − − = 240 kip (C)CDN =  

 
370 23.1 ksi (C)
16

AB
AB

AB

N
A

σ = = = ................................................................................... Ans. 

 
120 30.0 ksi (C)

4
BC

BC
BC

N
A

σ = = = ................................................................................... Ans. 

 
240 20.0 ksi (C)
12

CD
CD

CD

N
A

σ = = = ................................................................................... Ans. 
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  ( )130 9.81 1275.30 NW = =
From a free-body diagram of joint B, the equations of equilibrium give 

0 :xF→Σ =   sin8 cos 20 0ABT P° − ° =

0 :yF↑Σ =  ( )cos8 sin 20 1275.3 0ABT P° − °− =  

  1357.261 NABT =

 
( )

( )6 2
2

1357.261 7.68 10  N m 7.68 MPa (T)
0.015 4

AB
AB

AB

T
A

σ
π

= = = = ...................... Ans. 
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From a free-body diagram of a portion of the wood block,  
the equations of equilibrium give 

0 :yF↑Σ =   16,800 0V − =

  16,800 lbV =

 
( )
16800 1050 psi
8 2

V
A

τ = = =
×

........................................................Ans. 
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From a free-body diagram of the lever, moment  
equilibrium about the center of the shaft gives 

0 :MΣ =   ( )25 625 1 0V − =

  25 kNV =

 
( ) ( )

3
6 2

25 10
125 10  N m

0.020
V
A a

τ = = ≤  

 ........................................................Ans. 0.0100 m 10.00 mma ≥ =
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( ) ( )1 2

8000 8000 500 psi
2 1.5

V
A L L

τ
π π

= = = ≤  

 .............................................................................................................. Ans. 1 2.55 in.L ≥

 .............................................................................................................. Ans. 2 3.40 in.L ≥
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( )( ) ( )6 275 10  N m
0.100 0.025

V P
A

τ
π

= = ≤   ( )3589 10  NP ≤

 
( ) ( )6 2

2 2
100 10  N m

0.150 0.100 4
N P
A

σ
π

= = ≤
−

  ( )3982 10  NP ≤

 .......................................................................................................... Ans. max 589 kNP =
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( )
( ) ( )3100 2000

40 10  psi
0.5

V
A d

τ
π

= = =  

 ............................................................................................................... Ans. 3.18 in.d =
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Assuming that the pulleys rotate freely, the tension will be the same throughout the length of the cord, and 

  ( )45 9.81 441.45 NT W= = =

 
( )

( )6 2
2

441.45 5.62 10  N m 5.62 MPa (T)
0.010 4

T
A

σ
π

= = = = .............................. Ans. 
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Assume that the girl’s arms are vertical.  Each arm will carry half of the girl’s weight and 

(a) 
( )2

125 2 79.6 psi (T)
1 4

N
A

σ
π

= = = ...................................................................................... Ans. 

(b) 
( )2 2

125 2 124.3 psi (T)
1 0.6 4

N
A

σ
π

= = =
−

........................................................................ Ans. 
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  ( )225 9.81 2207.25 NW = =

From a free-body diagram of pulley 4,  
the equations of equilibrium give 

0 :yF↑Σ =   ( )2 2207.25 0BT T+ − =

Next, from a free-body diagram of the double pulley  
(1 and 2), the equations of equilibrium give 

0 :axleMΣ =   100 300 0A BT T− =
Finally, from a free-body diagram of the pulley 3,  
the equations of equilibrium give 

0 :yF↑Σ =   2 0AT T− =

Combining these three equations gives 

  1655.4375 NAT =

  551.8125 NBT =

  827.7188 NT =

 
( )

( )6 2
2

827.7188 4.68 10  N m 4.68 MPa (T)
0.015 4

C
T
A

σ
π

= = = = ........................... Ans. 
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From free-body diagrams of the rings B and C,  
the equations of equilibrium give 

0 :xF→Σ =  cos 45 cos 0AB BCT T α− °+ =  

 cos cos 45 0BC CDT Tα− + ° =  

0 :yF↑Σ =  sin 45 sin 10 0AB BCT T α°+ − =  

 sin sin 45 8 0BC CDT Tα− + °− =  

Adding the first pair of equations together gives 

  AB CDT T=
Then, adding the second pair of equations together gives 

  12.72792 lbAB CDT T= =
 
Now, the third equation can be written 

 sin 10 sin 45BC ABT Tα = − °  

and the first equation can be written 

 cos cos 45BC ABT Tα = °  

Dividing this pair of equations gives 

 
( )

( )
10 12.72792 sin 45sin tan

cos 12.72792 cos 45
BC

BC

T
T

α α
α

− °
= =

°
 or 6.340α = °  

  9.05539 lbBCT =

 ( )3
max 2

12.72792 18 10  psi
4

ABT
A d

σ
π

= = ≤  

 ................................................................................................................. Ans. 0.0300 in.d ≥
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 1 1.5tan 36.870
2

θ −= = °  sin 3 5θ =  cos 4 5θ =  

From symmetry (or overall equilibrium), each support carries half of the total load 

 18 2 9 kNA CR R= = =  

Then, from a free-body diagram of the joint A,  
the equations of equilibrium give 

0 :xF→Σ =  cos 0AD ABT Tθ + =  

0 :yF↑Σ =  sin 9 0ADT θ + =  

  15.00 kNADT = −

  12.00 kNABT =
Finally, from a free-body diagram of the bottom chord,  
the equations of equilibrium give 

0 :xF→Σ =   ( )12.00 0V− =

  12 kNV =

 
( ) ( )

3
6 2

12 10
2.25 10  N m

0.100
V
A a

τ = = ≤  

 ............................................................................................. Ans. 0.0533 m 53.3 mma ≥ =
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  ( )225 5 4 4500 lbV Aτ= = × =

From a free-body diagram of member AB and the end  
of the bottom chord, the equations of equilibrium give 

0 :xF→Σ =  ( )12 13 0V P− =  

 ................................................................... Ans. 4870 lbP =
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From a free-body diagram of the block A,  
the equations of equilibrium give 

0 :xF→Σ =  700 cos cos 0AC AEF Fθ θ− − =  

0 :yF↑Σ =  sin sin 0AE ACF Fθ θ− =  

 
700  N

2cosAC AEF F
θ

= =  

 
( )

2
2  N m

0.010 4
ACFV

A
τ

π
= =  

(a) 15θ = °   362.347 NACF = 4.61 MPaτ = ........................................... Ans. 

(b) 30θ = °   404.145 NACF = 5.15 MPaτ = ........................................... Ans. 

(c) 45θ = °   494.975 NACF = 6.30 MPaτ = ........................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

2-17  
From a free-body diagram of the upper handle,  
the equations of equilibrium give 

0 :xF→Σ =   sin 38 0xD A° − =

0 :yF↑Σ =   cos38 25 0yA D− °− =

0 :AMΣ =   ( )1.25 9 25 0D − =

  180 lbD =
  110.8191 lbxA = 166.8419 lbyA =  

 2 2 200.2925 lbx yA A A= + =  

 
( )2

200.2925 4080 psi
0.25 4

V
A

τ
π

= = = ................................................................................ Ans. 
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From an overall free-body diagram of the truss,  
the equations of equilibrium give 

0 :AMΣ =   ( ) ( )9 3 10 6 15F − − = 0

  13.3333 kNF =

 

Then, from a free-body diagram of the right half of the truss,  
the equations of equilibrium give 

0 :CMΣ =   ( )3 13.3333 3 0DET− =

  13.3333 kNDET =

(a) 
( )

( ) ( )
3

6 2
6

13.3333 10
17.78 10  N m 17.78 MPa

750 10DEσ
−

= = =  Ans. 

0 :DMΣ =   ( ) ( )3 3 15 6 13.3333 0BCT − + =

  11.6667 kNBCT = −

 
( ) ( )

3
6 2

11.6667 10
30 10  N mBC

BCA
σ = ≤  

(b) ......................................................................... Ans. ( )6 2388.89 10  m 389 mmBCA −≥ = 2
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From an overall free-body diagram of the seat,  
the equations of equilibrium give 

0 :xF→Σ =   0xA E− =

0 :yF↑Σ =   30 0yA − =

0 :AMΣ =   ( )3 30 21 0E− =

  4.28571 lbE =
  4.28571 lbxA = 30 lbyA =  

Next, from a free-body diagram of the seat back,  
the equations of equilibrium give 

0 :CMΣ =   ( ) ( )9 cos 21 4.28571 0BDT θ − =

 1 10tan 39.806
12

θ −= = °  

  13.01707 lbBDT =

 
( )2

13.01707 117.9 psi
3 8 4

BV
A

τ
π

= = = ..............................................Ans. 
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From a free-body diagram of the pin E,  
the equations of equilibrium give 

0 :xF→Σ =  cos 0DE EFT T θ− − =  

0 :yF↑Σ =  10 sin 0EFT θ− − =  

 1 4tan 53.130
3

θ −= = °  

  7.500 kNDET = 12.500 kNEFT = −  

 
Next, from a free-body diagram of the pin D,  
the equations of equilibrium give 

0 :xF→Σ =   ( )7.5 cos 45 0CDT− ° =

0 :yF↑Σ =   12 sin 45 0CD DFT T− − °− =

  10.60660 kNCDT = 19.500 kNDFT = −  

(a) 
( )

( ) ( )
3

6 2
6

10.6066 10
17.00 10  N m 17.00 MPa (T)

624 10CD
T
A

σ
−

= = = = ..................... Ans. 

 
( ) ( )

3
6 2

19.5 10
25 10  N mDF

T
A A

σ = = ≤  

(b) ............................................................................... Ans. ( )6 2780 10  m 780 mmDFA −≥ = 2

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

2-21  
From a free-body diagram of the pin A, the equations of equilibrium give 

0 :xF→Σ =   cos 45 cos 45 0AF ABT T° − ° =

0 :yF↑Σ =   20 sin 45 sin 45 0AF ABT T− °− ° =

  14.14214 lbAB AFT T= =

 
( )2

14.14214 1152 psi
1 8 4

B
B

V
A

τ
π

= = = .............................................Ans. 
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From a free-body diagram of the upper handle,  
the equations of equilibrium give 

0 :xF→Σ =  cos 0C xF Aθ − =  

0 :yF↑Σ =  sin 100 0C yF Aθ − − =  

0 :AMΣ =  ( ) ( ) ( )93 100 28 sin 5 cos 0C CF Fθ θ− + =  

  919.1059 NCF = 1 30tan 30.964
50

θ −= = °  

  788.1248 NxA = 372.8794 NyA =  2 2 871.8829 Nx yA A A= + =  

 
( )

( )6 2
2

871.8829 34.7 10  N m 34.7 MPa
2 0.004 4

A
A

V
A

τ
π

= = = =  Ans. 

 
Then, from a free-body diagram of the upper jaw, the equations of equilibrium give 

0 :xF→Σ =   ( )788.1248 sin 0xB N φ− − =

0 :yF↑Σ =   ( )372.8794 cos 0yB N φ− + =

0 :AMΣ =  ( ) ( )35 788.1248 12 372.8794 0Nd − − =  

  841.9084 NN = 2 215 35 38.0789 mmd = + =  1 15tan 23.199
35

φ −= = °  

  456.4753 NxB = 1146.7130 NyB =  2 2 1234.229 Nx yB B B= + =  

 
( )

( )6 2
2

1234.229 31.4 10  N m 31.4 MPa
2 0.005 4

B
B

V
A

τ
π

= = = =  Ans. 
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2-23*  
From a free-body diagram of the platform, the equations of equilibrium give 

0 :CMΣ =  ( ) ( )3 cos30 2 80 0DEF ° − =  

  61.58403 lbDEF =
(a) Member DE is a two-force member and the stress on every cross 

section is the same 

 
61.58403 49.3 psi

1.25
DE

DE
F
A

σ = = = ..........................................Ans. 

(b) 
( )2

61.58403 627 psi
2 0.25 4

E
E

V
A

τ
π

= = =
 
 

....................................Ans. 
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2-24  
From a free-body diagram of the bucket, the equations of equilibrium give 

0 :xF→Σ =   0x EIG T− =

0 :yF↑Σ =   10 0yG − =

0 :GMΣ =  ( ) ( )1.2cos30 0.3 10 0EIT° − =  

  2.88675 kNEIT =

  2.88675 kNxG = 10 kNyG =  

 
Then, from a free-body diagram of the arm DEFG,  
the equations of equilibrium give 

0 :xF→Σ =   ( ) ( )2.88675 2.88675 cos 0x BD F φ+ − + F =

0 :yF↑Σ =  ( ) ( )1 sin 10y BFD F φ− + − = 0  

0 :DMΣ =  

 ( )( ) ( )( )0.6cos30 2.88675 0.6sin 30 1° − °  

 ( )( ) ( )( )1.2cos30 cos 1.2sin 30 sinBF BFF Fφ φ+ ° + °  

 ( )( ) ( )( )1.8cos30 2.88675 1.8sin 30 10 0− ° − ° =  

 1 1.8cos30 1.2cos30tan 19.107
1.8sin 30 1.2sin 30

φ − ° − °
= = °

°+ °
 

  10.43809 kNBFF =

  9.86304 kNxD = − 7.58327 kNyD =  

 2 2 12.44128 kNx yD D D= + =  

 
( ) ( )

3
6 2

2

12.44128 10
120 10  N m

2 4
D

D
V
A d

τ
π

= = ≤
  

 

 ................................................................................................. Ans. 0.00812 m 8.12 mmd ≥ =
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2-25*  
First, from an overall free-body diagram of the frame,  
the equations of equilibrium give 

0 :xF→Σ =   500 1500 0xB − + =

0 :yF↑Σ =  1000 0yB − =  

0 :BMΣ =   ( ) ( )8 500 5 1000 6 0A+ − =

  1500 lbA =
  1000 lbxB = −

  1000 lbyB =

 
Next, from a free-body diagram of the horizontal member ACDE,  
the equations of equilibrium give 

0 :EMΣ =   ( )8 1000 3 0yD− =

  2666.667 lbyD =

 
Finally, from a free-body diagram of the vertical member BDF,  
the equations of equilibrium give 

0 :FMΣ =   ( )4 10 1000 0xD − =

  2500 lbxD =

 2 2 3655.285 lbx yD D D= + =  

 2

3655.285 7500 psi
4

D
D

V
A d

τ
π

= = ≤  

 .................................................................................Ans. 0.788 in.d ≥
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2-26  
From a free-body diagram of the wheel,  
the equations of equilibrium give 

0 :xF→Σ =   0x CDB F− =

0 :yF↑Σ =   2700 0yB− =

0 :BMΣ =   ( )325 150 2700 0CDF − =

  1246.15385 NCDF =

  1246.15385 NxB =

  2700 NyB =

 2 2 2973.701 Nx yB B B= + =  

 

Then from a free-body diagram of the arm AB (and assuming  
that the spring pushes perpendicularly against the arm) 

0 :AMΣ =  ( ) ( )100 1246.154 500 2700 0SbF− − +  =

0 :xF→Σ =   ( )1246.154 sin 0x SA F φ− + =

0 :yF↑Σ =  2700 cos 0S yF Aφ− + =  

 

  2 250 250 254.951 mmb = + =  

  1 50tan 11.310
250

φ −= = °  

  5783.917 NSF =

  111.8278 NxA = 2971.5958 NyA =  

 2 2 2973.699 Nx yA A A= + =  

 ( )6 2
2

2973.699 125 10  N m
2 4

A
A

A

V
A d

τ
π

= = ≤
  

 

 ............................................................................................... Ans. 0.00389 m 3.89 mmAd ≥ =

 ( )6 2
2

2973.701 125 10  N m
2 4

B
B

B

V
A d

τ
π

= = ≤
  

 

 ............................................................................................... Ans. 0.00389 m 3.89 mmBd ≥ =
The forces on pins C and D are equal (both equal to the force  
in the member CD) and their diameters will be the same 

 ( )6 2
2

1246.154 125 10  N m
2 4

CD
C

C

T
A d

τ
π

= = ≤
  

 

 ..................................................................................... Ans. 0.00252 m 2.52 mmC Dd d= ≥ =
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2-27  
  ( )2 0.1 0.8i o od d d d= − = o

 
( ) 22 2

9000 11,459.156 psi
4 oo i

P
A dd d

σ
π

= = =
−

 

 
For standard steel pipe, 

 
9000 12,000 psiP

A A
σ = = ≤  

  20.75 in.A =
 ...........................................Ans. 1.5 in.d =
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2-28  
For a uniformly distributed load 

 2 4
P P
A d

σ
π

= =  
( )( )
( )( )

3
2

6

4 150 104 0.05876
3.25 10

Pd
πσ π

= = =  

 ................................................................................................ Ans. 0.242 m 242 mmd = =
 
For the flexible bearing plate: 

 maxσ σ=  0 cr r≤ ≤  75 mmcr =  

 
( )max 0.2 0.8p c

p c

r r
r r

σ
σ

− −
=

−

r
 c pr r r≤ ≤  

 
( ) ( ) ( )

( )

max
max0

2 2
max

0.2 0.8
2 2

0.8 0.8 1.4 150 kN
3

c p

c

r r p c

A r
p c

c p c p

r r r
P dA rdr rd

r r

r r r r

σ
σ σ π π

π σ

− −
= = +

−

= + + =

∫ ∫ ∫ r
 

 
( )

( )
3

2
max 2 2

450 10
N m

0.8 0.8 1.4c p c pr r r r
σ

π
=

+ +
 

For max 3.25 MPaσ =  

 ............................... Ans. 2 296 mmpd r= ≅

 

For , ( )  150 mmpd = 75 mmpr =

 max 8.49 MPaσ =  

For , ( )  400 mmpd = 200 mmpr =

 max 1.98 MPaσ =  ( )8.49 1.98 100 76.7%
8.49

D −
= = ................................. Ans. 

For , ( )  600 mmpd = 300 mmpr =

 max 0.94 MPaσ =  ( )8.49 0.94 100 89.0%
8.49

D −
= = ................................. Ans. 
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For a uniformly distributed load 

 
( )2 22 4c

P P
A d

σ
π

= =
−

 
( )
( )

2 4 504 4 4 10.366
10c

Pd
πσ π

= + = + =  

 ..................................................................................................................... Ans. 3.22 in.cd =
 

For the flexible collar: 
( )max 5
4

rσ
σ

−
=  

 

( ) ( )

( ) ( )

max

1

2 3
max

5
2

4
25 1 1 50 k

4 3

cr

A

c c

r
P dA rdr

r r

σ
σ π

π σ

−
= =

 = − − − =  

∫ ∫

ip
 

 

( ) ( )
max

2 3

200 ksi
25 1 1
3c cr r

σ
π

=
 − − −  

 

For max 10 ksiσ =  

 ............................... Ans. 2 3.32 ic cd r= ≅ n.
 

For , ( )  2.4 in.cd = 1.2 in.cr =

 max 37.13 ksiσ =  

For , ( )  3.2 in.cd = 1.6 in.cr =

 max 11.10 ksiσ =  ( )37.13 11.10 100 70.1%
37.13

D −
= = ............................ Ans. 

For , ( )  4.0 in.cd = 2.0 in.cr =

 max 6.16 ksiσ =  ( )37.13 6.16 100 83.4%
37.13

D −
= = ............................... Ans. 

For , ( )  5.0 in.cd = 2.5 in.cr =

 max 3.86 ksiσ =  ( )37.13 3.86 100 89.6%
37.13

D −
= = ............................... Ans. 
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For a uniformly distributed load 

 
( )2 20.040 4w

P P
A d

σ
π

= =
−

 
( )( )
( )( )

3
2 2

6

4 80 104 0.040 0.0016
2.8 10w

Pd
πσ π

= + = +  

 ........................................................................................ Ans. 0.1949 m 194.9 mmwd = =
 
For the flexible washer: 

 maxσ σ=  0.020 mm 0.030 mmr≤ ≤  

 max0.030
r
σσ =  0.030 mm wr r≤ ≤  

 

( ) ( )

( ) ( )
( )

0.030 max
max0.020 0.030

2 2
max max

max

0.0302 2

0.030 0.020 0.060 0.030

0.0005 0.060 0.030 80 kN

wr

A

w

w

P dA rdr rd
r
r

r

rσσ σ π π

πσ σ π

πσ

= = +

= − + −

= + − =  

∫ ∫ ∫
 

 
( )

( )

3
2

max

80 10
N m

0.0005 0.060 0.030wr
σ

π
=

+ −  
 

For max 2.8 MPaσ =  

 ............................. Ans. 2 346 mmw wd r= ≅
 
For no washer  

 

( )
( )

( )

3

max 2 2

6 2

80 10

0.030 0.020

50.93 10  N m 50.93 MPa

σ
π

=
−

= =

 

For , ( )  200 mmwd = 100 mmwr =

 max 5.42 MPaσ =  ( )50.93 5.42 100 89.4%
50.93

D −
= = ............................... Ans. 

For , ( )  300 mmwd = 150 mmwr =

 max 3.31 MPaσ =  ( )50.93 3.31 100 93.5%
50.93

D −
= = ............................... Ans. 
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2-31*  
  5000 lbP = −

  24 4 16 in.A = × =
 90 14 76θ = °− ° = °  

 
( )

( ) ( )5000
1 cos 2 76 18.29 psi 18.29 psi (C)

2 16nσ
−

= + ° = − =   ...................Ans. 

 
( )
( ) ( )5000

sin 2 76 73.4 psi
2 16nτ

− −
= ° = + ...........................................................Ans. 
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  400 kNP =

  275 45 mmA = ×
 37θ = °  

 
( )( )
( ) ( )

3400 10
1 cos 2 37

2 0.075 0.045nσ = +  ×
°  

 ( )6 275.6 10  N m 75.6 MPa (T)nσ = + = ................................................................ Ans. 

 
( )

( ) ( )
3400 10

sin 2 37
2 0.075 0.045nτ
− ×

= °
×

 

 ( )6 257.0 10  N m 57.0 MPanτ = − = − ..................................................................... Ans. 
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 max
270 22.5 ksi (T)
2 6

P
A

σ = = =
×

.................................................................................. Ans. 

 
( )max
270 11.25 ksi

2 2 2 6
P
A

τ = = =
×

............................................................................... Ans. 
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  80 kNP = −

 ( )2 275 4 4417.865 mmA π= =  

 57θ = °  

 
( )( )

( )( ) ( )
3

6

80 10
1 cos 2 57

2 4417.865 10nσ −

−
= +  °  

 ( )6 25.37 10  N m 5.37 MPa (C)nσ = − = ....................................... Ans. 

 
( )

( )( ) ( )
3

6

80 10
sin 2 57

2 4417.865 10nτ −

− − ×
= °  

 ( )6 28.27 10  N m 8.27 MPanτ = + = + ..................................................................... Ans. 
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2-35*  

 
( ) [ ]1 cos 2 12 ksi

2 4 1n
Pσ θ= + =
×

 

 
( )

sin 2 9 ksi
2 4 1n

Pτ θ−
= =

×
−  

 
sin 2 9

1 cos 2 12
θ
θ
=

+
 

Solve by trial and error to get 
 36.870θ = ° ...................................................................................................................... Ans. 

 .................................................................................................................... Ans. 75.0 kipP =
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2-36*  

 
( )( )

( ) ( ) ( )
3

6 2
400 10

1 cos 2 33 70 10  N m
2 0.1n t

σ = + − ° ≤    

  0.0402 m 40.2 mmt ≥ =

 
( )
( ) ( ) ( )

3
6 2

400 10
sin 2 33 45 10  N m

2 0.1n t
τ

− ×
= − ° ≤  

  0.0406 m 40.6 mmt ≥ =
 ................................................................................................................ Ans. min 40.6 mmt =
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( )
( ) ( )sin 2 55 2 ksi

2 4 8a

P
τ

− −
= °

×
=  

(a) ...............................................Ans. 136.21475 kip 136.2 kip (C)P = ≅

 
( )

( ) ( )136.21475
1 cos 2 55

2 4 8aσ
−

= +  ×
°  

(b) 1.400 ksi 1.400 ksi (C)aσ = − = .....................................................Ans. 

(c) max
136.21475 4.26 ksi

4 8
P
A

σ = = =
×

.............................................................................. Ans. 

 
( )max

136.21475 2.13 ksi
2 2 4 8
P
A

τ = = =
×

............................................................................. Ans. 
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( )( ) ( ) ( )6 21 cos 2 30 13.60 10  N m

2 0.200 0.120n
Pσ = + − ° ≤    

  ( )3435.2 10  NP ≤

 
( )( ) ( ) ( )6 2sin 2 30 5.25 10  N m

2 0.200 0.120n
Pτ −

= − ° ≤  

  ( )3291.0 10  NP ≤

 
( )( ) ( )6 2

max 8.75 10  N m
2 2 0.200 0.120
P P
A

τ = = ≤  

  ( )3420 10  NP ≤

 .................................................................................................................. Ans. max 291 kNP =
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2-39*  

 
( ) ( )1 cos 2 12 ksi

2 4 1n
Pσ θ= + − ≤  ×

 

 
( ) ( )sin 2 9 ksi

2 4 1n
Pτ θ−

= −
×

≤  

Optimum angle occurs when 12 ksinσ =  and 9 ksinτ =  

 
sin 2 9

1 cos 2 12
θ
θ
=

+
 

Solve by trial and error to get 36.870θ = °  

(a) 90 53.13φ θ= °− = ° ...................................................................................................... Ans. 

(b) .................................................................................................................... Ans. 75.0 kipP =
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  500 kN (T)ABT = 300 kN (T)BCT =  250 kN (T)topT =  

(a) On plane a–a 

 
( )( )

( )( ) ( )
3500 10

1 cos 2 30
2 0.200 0.100nσ = +  °  

 ( )6 218.75 10  N m 18.75 MPa (T)nσ = = ............................Ans. 

 
( )( )

( )( ) ( )
3500 10

sin 2 30
2 0.200 0.100nτ
−

= °  

 ( )6 210.83 10  N m 10.83 MPanτ = − = − ..............................Ans. 

 
(b) The maximum stresses in the bar occur in the section with the maximum load 

  max 500 kN (T)ABP T= =

 
( )

( )( ) ( )
3

6 2
max

500 10
25.0 10  N m 25.0 MPa (T)

0.200 0.100
P
A

σ = = = = .................... Ans. 

 
( )

( )( ) ( )
3

6 2
max

500 10
12.50 10  N m 12.50 MPa

2 2 0.200 0.100
P
A

τ = = = = ................... Ans. 
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2-41  
There are two bolts and they each carry a normal force of   N
and a shear force of V .  Equilibrium of the eyebar gives 

0 :nFΣ =Z   2 cos30 0N P− ° =

0 :tFΣ =^   2 sin 30V P+ ° 0=

 
( )20.5cos30 12  kip

2 4
PN

π °
= ≤  

  
 

  5.441 kipP ≤

 
( )20.5sin 30 8  k

2 4
PV

π °
= ≤  

  
ip  

  6.283 kipP ≤

 ................................................................................................................ Ans. max 5.44 kipP =
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( )( ) ( ) ( )6 21 cos 2 5 10  N m

2 0.050 0.100n
Pσ θ= + − ≤    

 
( )( ) ( ) ( )6 2sin 2 3 10  N m

2 0.050 0.100n
Pτ θ−

= − ≤  

Optimum angle occurs when ( )6 25 10  N mnσ =  and ( )6 23 10  N mnτ =  

 
sin 2 30

1 cos 2 50
θ
θ
=

+
 

Solve by trial and error to get 30.964θ = °  

(a) 90 59.036φ θ= °− = ° .................................................................................................... Ans. 

(b) ........................................................................................ Ans. ( )334.0 10  N 34.0 kNP = =

 
Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 

purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 

copyright owner is unlawful.59 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

2-43  

 
( ) ( )1 cos 2  psi

2 3 3n
Pσ θ= + −  ×

 

 
( ) ( )sin 2  psi

2 3 3n
Pτ θ−

= −
×

 

 [ ]1 cos 2
800 14,400

n Pσ θ= +  

 sin 2
500 9000

n Pτ θ=  

 
 
 
 
 
 
 
 
 
 
 

When 37θ = °  the shear stress reaches its maximum value ( )500 1nτ =  first at which point 

 ................................................................................................................ Ans. max 9.36 kipP ≅

When 25θ = °  the normal stress reaches its maximum value ( )800 1nσ =  first at which point 

 ................................................................................................................ Ans. max 8.77 kipP ≅

 
For simultaneous control 

 [ ]1 cos 2 sin 2 1
800 14,400 9000 500

n nP Pσ τθ θ= + = = =  

 2

sin 2 2sin cos 9000tan
1 cos 2 2cos 14,400

θ θ θ θ
θ θ
= = =

+
 

 32.01θ = ° ........................................................................................................................ Ans. 
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2-44  

 

( )
( )( ) ( )

( )

3
2

250 10
1 cos 2  N m

2 0.100 0.025

50 1 cos 2  MPa

nσ θ

θ

= + −  

= +

 90θ φ= °−  

 
( )

( )( ) ( )
3

2
250 10

sin 2  N m
2 0.100 0.025
50sin 2  MPa

nτ θ

θ

−
= −

=

 

 

For 80 MPanσ ≤  and 60 MPanτ ≤  

  250 kNP = 30 63φ° ≤ ≤ °  

  305 kNP = 30 40φ° ≤ ≤ °  

  50 54φ° ≤ ≤ °  

  350 kNP = 30φ < °  
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The given values are 

 20 ksixσ =  10 ksiyσ = −  0 ksixyτ =  26abθ = − °  

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin 2 sin cos

20 cos 26 10 sin 26 2 0 sin 26 cos 26
n x y xyσ σ θ σ θ τ θ θ= + +

= − ° + − − ° + − ° − °

 14.23 ksi 14.23 ksi (T)abσ = + = ................................................................................ Ans. 

 
( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

sin cos cos sin

20 10 sin 26 cos 26 0 cos 26 sin 26

nt x y xyτ σ σ θ θ τ θ θ= − − + −

 = − − − − ° − ° + − ° − − °    
 

 11.82 ksiabτ = + .............................................................................................................. Ans. 

 
Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 

purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 

copyright owner is unlawful.62 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

2-46*  
The given values are 

 95 MPaxσ =  125 MPayσ =  0 MPaxyτ =  110abθ = °  

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin 2 sin cos

95 cos 110 125 sin 110 2 0 sin 110 cos 110
n x y xyσ σ θ σ θ τ θ θ= + +

= ° + ° + ° °

 121.5 MPa 121.5 MPa (T)abσ = + = ......................................................................... Ans. 

 
( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) (

2 2

2 2

sin cos cos sin

95 125 sin 110 cos 110 0 cos 110 sin 110

nt x y xyτ σ σ θ θ τ θ θ= − − + −

) = − − ° ° + ° − °    
 

 9.64 MPaabτ = − ............................................................................................................ Ans. 
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2-47  
The given values are 

 0 ksixσ =  0 ksiyσ =  15 ksixyτ =  30abθ = °  

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin 2 sin cos

0 cos 30 0 sin 30 2 15 sin 30 cos 30
n x y xyσ σ θ σ θ τ θ θ= + +

= ° + ° + ° °

 12.99 ksi 12.99 ksi (T)abσ = + = ............................................................................... Ans. 

 
( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

sin cos cos sin

0 0 sin 30 cos 30 15 cos 30 sin 30

nt x y xyτ σ σ θ θ τ θ θ= − − + −

 = − − ° ° + ° − °    
 

 7.50 ksiabτ = + ................................................................................................................ Ans. 
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2-48*  
The given values are 

 65 MPaxσ = −  125 MPayσ = −  75 MPaxyτ =  145abθ = °  

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin 2 sin cos

65 cos 145 125 sin 145 2 75 sin 145 cos 145
n x y xyσ σ θ σ θ τ θ θ= + +

= − ° + − ° + ° °

 155.2 MPa 155.2 MPa (C)abσ = − = ........................................................................ Ans. 

 
( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

sin cos cos sin

65 125 sin 145 cos 145 75 cos 145 sin 145

nt x y xyτ σ σ θ θ τ θ θ= − − + −

 = − − − − ° ° + ° − °    
 

 53.8 MPaabτ = + ............................................................................................................ Ans. 
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2-49  
The given values are 

 18 ksixσ =  6 ksiyσ =  15 ksixyτ =  155abθ = °  

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin 2 sin cos

18 cos 155 6 sin 155 2 15 sin 155 cos 155
n x y xyσ σ θ σ θ τ θ θ= + +

= ° + ° + ° °

 4.37 ksi 4.37 ksi (T)abσ = + = .................................................................................... Ans. 

 
( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) (

2 2

2 2

sin cos cos sin

18 6 sin 155 cos 155 15 cos 155 sin 155

nt x y xyτ σ σ θ θ τ θ θ= − − + −

) = − − ° ° + ° − °    
 

 14.24 ksiabτ = + .............................................................................................................. Ans. 
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2-50  
The given values are 

 170 MPaxσ = −  0 MPayσ =  70 MPaxyτ = −  145abθ = °  

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin 2 sin cos

170 cos 145 0 sin 145 2 70 sin 145 cos 145
n x y xyσ σ θ σ θ τ θ θ= + +

= − ° + ° + − ° °

 48.3 MPa 48.3 MPa (C)abσ = − = ............................................................................. Ans. 

 
( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

sin cos cos sin

170 0 sin 145 cos 145 70 cos 145 sin 145

nt x y xyτ σ σ θ θ τ θ θ= − − + −

 = − − − ° ° + − ° − °    
 

 103.8 MPaabτ = − .......................................................................................................... Ans. 
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The given values are 

 0 psixσ =  
( )( )

5000 312.5 psi
4 4yσ −

= = −  0 psixyτ =  166θ = °  

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin 2 sin cos

0 cos 166 312.5 sin 166 2 0 sin 166 cos 166
n x y xyσ σ θ σ θ τ θ θ= + +

= ° + − ° + ° °

 18.29 psi 18.29 psi (C)nσ = − = ................................................................................. Ans. 

 
( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

sin cos cos sin

0 312.5 sin 166 cos 166 0 cos 166 sin 166

nt x y xyτ σ σ θ θ τ θ θ= − − + −

 = − − − ° ° + ° − °    
 

 73.4 psinτ = + ................................................................................................................. Ans. 
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The given values are 

 
( )

( )( ) ( )
3

6 2
400 10

100 10  N m 100 MPa
0.100 0.040xσ = = =  

  0 MPayσ =  0 MPaxyτ =  33θ = − °  

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin 2 sin cos

100 cos 33 0 sin 33 2 0 sin 33 cos 33
n x y xyσ σ θ σ θ τ θ θ= + +

= − ° + − ° + − ° − °

 70.3 MPa 70.3 MPa (T)σ = + = ............................................................................... Ans. 

 
( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) (

2 2

2 2

sin cos cos sin

100 0 sin 33 cos 33 0 cos 33 sin 33

nt x y xyτ σ σ θ θ τ θ θ= − − + −

) = − − − ° − ° + − ° − − °    
 

 45.7 MPaabτ = + ............................................................................................................ Ans. 
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The given values are 

 0 psixσ =   psi
9y
Pσ −

=  0 ksixyτ =  1 4tan 53.130
3aaθ −= = °  

 
( ) ( ) ( ) ( )

2 2

2

cos sin 2 sin cos

0 9 sin 53.13 0 800 psi
n x y xy

P

σ σ θ σ θ τ θ θ= + +

= + ° + ≤
 

  11,250 lbP ≤
 

 
( ) ( )

( ) ( ) ( ) ( )

2 2sin cos cos sin

9 sin 53.13 cos 53.13 0 500 psi
nt x y xy

P

τ σ σ θ θ τ θ θ= − − + −

= ° ° + ≤
 

  9375 lbP ≤
 ..................................................................................................................... Ans. 9.37 kipP ≤
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The given values are 

 0 MPax xyσ τ= =  
( )( )

250  N m
0.100 0.200y

P Pσ −
= = −  35abθ = − °  

 
( ) ( )
( ) ( ) ( ) ( ) ( ) ( )

2 2

6 2

sin cos cos sin

0 50 sin 35 cos 35 0 15 10  N m

nt x y xy

P

τ σ σ θ θ τ θ θ= − − + −

= − − − − ° − ° + =  
 

(a) ............................................................................. Ans. ( )3638.51 10  N 639 kN (C)P = ≅

  
( ) ( )( )( ) ( ) (

2 2

3 2

cos sin 2 sin cos

0 50 638.51 10 sin 35 0
n x y xyσ σ θ σ θ τ θ θ= + +

= + − − ° + )

(b) ( )6 210.52 10  N m 10.52 MPa (C)abσ = − = .......................................................... Ans. 
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The given values are 

 0 ksix xyσ τ= =  232  ksiy bσ = −  20θ = − °  

 
( ) ( ) ( ) ( )

2 2

2 2

cos sin 2 sin cos

0 32 sin 20 0 3.5 ksi
n x y xy

b

σ σ θ σ θ τ θ θ= + +

= + − − ° + ≤
 

  1.034 in.b ≥

 
( ) ( )
( ) ( ) ( ) ( ) ( )

2 2

2

sin cos cos sin

0 32 sin 20 cos 20 0 0.8 ksi

nt x y xy

b

τ σ σ θ θ τ θ θ= − − + −

 = − − − − ° − ° + ≤ 
 

 ....................................................................................................................... Ans. 3.59 in.b ≥
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The given values are 

 
( )( )

241.667  N m
0.2 0.12x

P Pσ −
= = −  0 MPay xyσ τ= =  30θ = − °  

 
( ) ( ) ( ) ( ) ( )

2 2

2 6

cos sin 2 sin cos

41.667 cos 30 0 0 13.60 10  N m
n x y xy

P

σ σ θ σ θ τ θ θ= + +

= − − ° + + ≤ 2
 

  ( )3435.2 10  NP ≤

 

 
( ) ( )
( ) ( ) ( ) ( ) ( ) ( )

2 2

6 2

sin cos cos sin

41.667 0 sin 30 cos 30 0 5.25 10  N m

nt x y xy

P

τ σ σ θ θ τ θ θ= − − + −

= − − − − ° − ° + ≤  
 

  ( )3291 10  NP ≤

 .................................................................................................................. Ans. max 291 kNP =
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The given values are 

 0 ksixσ =  1 4tan 53.130
3

θ −= − = − °  sin 0.8000θ = −  cos 0.6000θ =  

  
( ) ( ) ( )( )

2 2

2

cos sin 2 sin cos

0 0.8 2 0.8 0.6 4800 psi

n x y xy

y xy

σ σ θ σ θ τ θ θ

σ τ

= + +

= + − + − =

 
( ) ( )
( ) ( )( ) ( ) ( )

2 2

2 2

sin cos cos sin

0 0.8 0.6 0.6 0.8 1500 psi

nt x y xy

y xy

τ σ σ θ θ τ θ θ

σ τ

= − − + −

  = − − − + − − =   
 

 0.64 0.96 4800 psiy xyσ τ− =  

 0.48 0.28 1500 psiy xyσ τ− − =  

(a) 5100 psixyτ = − ............................................................................................................... Ans. 

(b) 150 psi 150 psi (C)yσ = − = ........................................................................................ Ans. 
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The given values are 

 0 MPayσ =  25 MPaxyτ =  1 590 tan 112.620
12abθ −= ° + = °  

  
( ) ( )

2 2

2

cos sin 2 sin cos

cos 0 2 25 sin cos 15 MPa
n x y xy

x ab ab ab

σ σ θ σ θ τ θ θ

σ θ θ θ

= + +

= + + =

(a) 221.398 MPa 221 MPa (T)xσ = ≅ ........................................................................... Ans. 

 
( ) ( )
( ) ( ) ( )( )

2 2

2 2

sin cos cos sin

221.398 0 sin cos 25 cos sin

nt x y xy

ab ab ab ab

τ σ σ θ θ τ θ θ

θ θ θ

= − − + −

= − − + −   θ
 

(b) 61.0 MPaabτ = + ............................................................................................................ Ans. 

 
Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 

purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 

copyright owner is unlawful.75 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

2-59  
(a) The given values are 

 18 ksixσ =  13 ksiyσ =  6 ksixyτ =  19abθ = − °  

  
( ) ( ) ( ) ( ) ( ) ( ) (

2 2

2 2

cos sin 2 sin cos

18 cos 19 13 sin 19 2 6 sin 19 cos 19
n x y xyσ σ θ σ θ τ θ θ= + +

= − ° + − ° + − ° − )°
 13.78 ksi 13.78 ksi (T)abσ = + = ................................................................................ Ans. 

 
( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

sin cos cos sin

18 13 sin 19 cos 19 6 cos 19 sin 19

nt x y xyτ σ σ θ θ τ θ θ= − − + −

 = − − − ° − ° + − ° − − °    
 

 6.27 ksiabτ = + ................................................................................................................ Ans. 

(b) The given values are 

 18 ksixσ =  13 ksiyσ =  6 ksixyτ =  26nθ = °  116tθ = °  

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin 2 sin cos

18 cos 26 13 sin 26 2 6 sin 26 cos 26
n x y xyσ σ θ σ θ τ θ θ= + +

= ° + ° + ° °

 21.77 ksi 21.77 ksi (T)nσ = + = ................................................................................ Ans. 

 
( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

sin cos cos sin

18 13 sin 26 cos 26 6 cos 26 sin 26

nt x y xyτ σ σ θ θ τ θ θ= − − + −

 = − − ° ° + ° − °    
 

 1.724 ksintτ = + .............................................................................................................. Ans. 

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin 2 sin cos

18 cos 116 13 sin 116 2 6 sin 116 cos 116
t x y xyσ σ θ σ θ τ θ θ= + +

= ° + ° + ° °

 9.23 ksi 9.23 ksi (T)tσ = + = ...................................................................................... Ans. 
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2-60*  
(a) Using x-y-coordinates rotated to align with the n-t-coordinates 

 200 MPan xσ σ= =  50 MPat yσ σ= =  0 MPant xyτ τ= =  135aaθ = °  

  
( ) ( ) ( ) ( ) (

2 2

2 2

cos sin 2 sin cos

200 cos 135 50 sin 135 0
n x y xyσ σ θ σ θ τ θ θ= + +

= ° + )° +

 125.0 MPa 125.0 MPa (T)aaσ = + = ........................................................................ Ans. 

 
( ) ( )
( ) ( ) ( ) ( ) (

2 2sin cos cos sin

200 50 sin 135 cos 135 0
nt x y xy

)
τ σ σ θ θ τ θ θ= − − + −

= − − ° ° +  
 

 75.0 MPaaaτ = + ............................................................................................................ Ans. 

 
(b) Using the original coordinate system with the x- and y-axes horizontal and vertical 

 18nθ = °  108tθ = °  

 200 MPanσ =  ( ) ( ) ( ) (2 2200 cos 18 sin 18 2 sin 18 cos 18x y xyσ σ τ= ° + ° + ° )°  

 50 MPatσ =  ( ) ( ) ( ) (2 250 cos 108 sin 108 2 sin 108 cos 108x y xyσ σ τ= ° + ° + ° )°  

 0 MPantτ =  ( ) ( ) ( ) ( ) (2 20 sin 18 cos 18 cos 18 sin 18x y xyσ σ τ ) = − − ° ° + ° − °   

 185.7 MPa (T)xσ = ......... 64.3 MPa (T)yσ = ........... 44.1 MPaxyτ = ........... Ans. 
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The given values are 

 8 ksixσ =  0 ksiyσ =  1 390 tan 126.870
4aaθ −= °+ = °  

 8 ksinσ =  ( ) ( )28 8 cos 126.870 0 2 sin126.870 cos126.870xyτ= °+ + ° °  

(a) 5.3333 ksi 5.33 ksixy h vτ τ τ= = = − ≅ − ................................................................... Ans. 

 
( ) ( )
( ) ( ) ( )

2 2

2 2

sin cos cos sin

8 0 sin cos 5.3333 cos sin

nt x y xy

aa aa aa aa

τ σ σ θ θ τ θ θ

θ θ θ

= − − + −

θ = − − + − −    
 

(b) 5.33 ksiaτ = + ................................................................................................................. Ans. 
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The given values are 

 0 MPayσ =  25 MPaxyτ =  1 590 tan 112.620
12abθ −= ° + = °  

 15 MPanσ =  ( ) ( ) ( ) ( ) (215 cos 112.620 0 2 25 sin 112.620 cos 112.620xσ= ° + + ° )°  

(a) 221.40 MPa 221 MPa (T)xσ = + ≅ ........................................................................... Ans. 

(b) 
( ) ( )
( ) ( ) ( )

2 2

2 2

sin cos cos sin

221.40 0 sin cos 25 cos sin

nt x y xy

ab ab ab ab

τ σ σ θ θ τ θ θ

θ θ θ

= − − + −

θ = − − − + −    
 

 61.0 MPaabτ = + ............................................................................................................ Ans. 
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The given values are 

 2y xσ σ=  0 ksixyτ =  35θ = °  

  
( ) ( ) ( ) ( )

2 2

2 2

cos sin 2 sin cos

cos 35 2 sin 35 0 10 ksi
n x y xy

x x

σ σ θ σ θ τ θ θ

σ σ

= + +

= ° + ° + ≤

 7.52451 ksixσ ≤  

 
( ) ( )

( ) ( ) ( ) ( )

2 2sin cos cos sin

2 sin 35 cos 35 0 7 ksi
nt x y xy

x x

τ σ σ θ θ τ θ θ

σ σ

= − − + −

= − − ° ° + ≤  
 

 14.8985 ksixσ ≤  

 .......................................................................................................... Ans. ( )max
7.52 ksixσ =
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The given values are 126.870bbθ = °  36.870ccθ = °  

 125 MPabbσ =  ( ) ( ) ( )2 2125 cos 126.87 sin 126.87 0x yσ σ= ° + ° +  

 225 MPaccσ = −  ( ) ( ) ( )2 2225 cos 36.87 sin 36.87 0x yσ σ− = ° + ° +  

 0 MPabcτ =  ( ) ( ) ( ) ( )0 sin 126.87 cos 126.87 0x yσ σ= − − ° ° +  

 0.3600 0.6400 0.9600 125x y xyσ σ τ+ − =  

 0.6400 0.3600 0.9600 225x y xyσ σ τ+ + = −  

 0.4800 0.4800 0.2800 0x y xyσ σ τ− − =  

(a) 99.0 MPa 99.0 MPa (C)xσ = − = .............................................................................. Ans. 

 168.0 MPaxyτ = − .......................................................................................................... Ans. 

(b) 1.000 MPa 1.000 MPa (C)yσ = − = ......................................................................... Ans. 

 168.0 MPaxyτ = − .......................................................................................................... Ans. 
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The given values are  ksi
4x
Pσ =  0 ksiyσ =  0 ksixyτ =  

 12 ksiabσ =  ( ) ( )212 cos 0 0xσ θ= + +  

 9 ksiabτ = −  ( ) ( )9 0 sin cosxσ θ θ− = − − +   0  

 2

sin cos 9tan
cos 12

x

x

σ θ θ θ
σ θ

= =  36.870θ = ° ...................................................... Ans. 

 18.750 ksi 4x Pσ = =  75.0 kipP = .................................................... Ans. 
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(a) 2 2cos sin 2 sin cosn x y xyσ σ θ σ θ τ θ= + + θ  

 .............................................. Ans. ( ) ( ) ( )260 cos 0 2 40 sin cos  MPanσ θ θ θ= + + − 

 ( ) ( )2 2sin cos cos sinnt x y xyτ σ σ θ θ τ θ θ= − − + −  

 ( ) ( ) ( )( ){ }2 260 0 sin cos 40 cos sin  MPantτ θ θ θ= − − + − −   θ ........................ Ans. 

(b) At 153.435θ = °  

 max 80 MPaσ = .........................................Ans. 

 0 MPaτ = .................................................Ans. 

 At 63.435θ = °  

 min 20 MPaσ = − .......................................Ans. 

 0 MPaτ = .................................................Ans. 

(c) At 108.435θ = °  

 max 50 MPaτ = ..........................................Ans. 

 30 MPaσ = ..............................................Ans. 

 At 18.435θ = °  

 min 50 MPaτ = − .............................................................................................................. Ans. 

 30 MPaσ = ..................................................................................................................... Ans. 
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(a) 2 2cos sin 2 sin cosn x y xyσ σ θ σ θ τ θ= + + θ  

 ( ) ( ) ( )2 218 cos 13 sin 2 6 sin cos  ksinσ θ θ θ = + + θ ..................................... Ans. 

 ( ) ( )2 2sin cos cos sinnt x y xyτ σ σ θ θ τ θ θ= − − + −  

 ( ) ( ) ( )( ){ }2 218 13 sin cos 6 cos sin  ksiθ θ θ θ= − − + −   ................................ Ans. 

(b) At 33.69θ = °  

 max 22 ksiσ = ............................................Ans. 

 0 MPaτ = .................................................Ans. 

 At 123.69θ = °  

 min 9 ksiσ = ...............................................Ans. 

 0 MPaτ = .................................................Ans. 

(c) At 168.69θ = °  

 max 6.5 ksiτ = ............................................Ans. 

 15.5 ksiσ = ..............................................Ans. 

 At 78.69θ = °  

 max 6.5 ksiτ = − ................................................................................................................. Ans. 

 15.5 ksiσ = ..................................................................................................................... Ans. 
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Note that the θ  on the figure is for the surface rather  
than for the normal to the surface.  Therefore, need to  
use 90φ θ= °−  in the transformation equations. 

 2 2cos sinn x yσ σ θ σ= + θ  

 2 sin cosxyτ θ θ+  

 ( ) ( )2 210 cos 70 sinφ φ= − + −  

 ( )2 40 sin cosφ φ+  

 ( )sin cosnt x yτ σ σ θ= − − θ  

 ( )2 2cos sinxyτ θ θ+ −  

 ( ) ( )10 70 sin cosφ φ= − − − −    

 ( )2 240 cos sinφ φ+ −  
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The given values are 

 15 ksixσ = −  10 ksiyσ =  8 ksixyτ =  

 
( )

( ) ( )
1 12 2 81 1tan tan 16.310 , 73.690

2 2 15 10
xy

p
x y

τ
θ

σ σ
− −= = = − °

− − −
°  

When 16.310pθ = − °  

 ( ) ( ) ( )

2 2

2 2

2

cos sin 2 sin cos

15 cos 10 sin 2 8 sin cos

17.341 ksi

n x y xy

p p p

p

σ σ θ σ θ τ θ θ

θ θ θ

σ

= + +

= − + +

= − =

 pθ

 1 2 12.341 ksip x y pσ σ σ σ= + − =  

 ( )max 1 2 2 14.841 ksip p pτ τ σ σ= = − =  

 ( )45 1 2 2 2.500 ksin p pσ σ σ= + = −  

 

(a) 1 12.34 ksi (T)pσ =   ..................................................................................... Ans. 73.69°

 2 17.34 ksi (C)pσ =   16.31 ..................................................................................... Ans. °

 max 14.841 ksipτ τ= = .................................................................................................... Ans. 
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2-70  
The given values are 

 50 MPaxσ =  20 MPayσ =  40 MPaxyτ =  

 
( )

( ) ( )
1 12 2 401 1tan tan 34.722 , 55.278

2 2 50 20
xy

p
x y

τ
θ

σ σ
− −= = = ° −

− −
°  

When 34.722pθ = °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin 2 sin cos

50 cos 20 sin 2 40 sin cos

77.720 MPa

n x y xy

p p p

p

σ σ θ σ θ τ θ θ

pθ θ θ

σ

= + +

= + +

= =

θ  

 2 1 7.720 MPap x y pσ σ σ σ= + − = −  

 ( )max 1 2 2 42.720 MPap p pτ τ σ σ= = − =  

 ( )45 1 2 2 35.00 MPan p pσ σ σ= + =  

 

(a) 1 77.7 MPa (T)pσ =   ................................................................................... Ans. 34.72°

 2 7.72 MPa (C)pσ =   ................................................................................... Ans. 55.28°

 max 42.7 MPapτ τ= = .................................................................................................... Ans. 
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The given values are 

 15 ksixσ = −  10 ksiyσ =  8 ksixyτ =  

 
( )

( ) ( )
1 12 2 81 1tan tan 16.310 , 73.690

2 2 15 10
xy

p
x y

τ
θ

σ σ
− −= = = − °

− − −
°  

When 16.310pθ = − °  

 ( ) ( ) ( )

2 2

2 2

2

cos sin 2 sin cos

15 cos 10 sin 2 8 sin cos

17.341 ksi

n x y xy

p p p

p

σ σ θ σ θ τ θ θ

θ θ θ

σ

= + +

= − + +

= − =

 pθ

 1 2 12.341 ksip x y pσ σ σ σ= + − =  

 ( )max 1 2 2 14.841 ksip p pτ τ σ σ= = − =  

 ( )45 1 2 2 2.500 ksin p pσ σ σ= + = −  

 

(a) 1 12.34 ksi (T)pσ =   ..................................................................................... Ans. 73.69°

 2 17.34 ksi (C)pσ =   16.31 ..................................................................................... Ans. °

 max 14.841 ksipτ τ= = .................................................................................................... Ans. 
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The given values are 

 200 MPaxσ =  0 MPayσ =  25 MPaxyτ =  

 
( )

( ) ( )
1 12 2 251 1tan tan 7.018 , 82.982

2 2 200 0
xy

p
x y

τ
θ

σ σ
− −= = = ° −

− −
°  

When 7.018pθ = °  

 ( ) ( ) ( )

2 2

2

1

cos sin 2 sin cos

200 cos 0 2 25 sin cos

203.078 MPa

n x y xy

p p

p

p

σ σ θ σ θ τ θ θ

θ θ θ

σ

= + +

= + +

= =

 

 2 1 3.078 MPap x y pσ σ σ σ= + − = −  

 ( )max 1 2 2 103.078 MPap p pτ τ σ σ= = − =  

 ( )45 1 2 2 100.00 MPan p pσ σ σ= + =  

 

(a) 1 203 MPa (T)pσ =   ....................................................................................... Ans. 7.02°

 2 3.08 MPa (C)pσ =   ................................................................................... Ans. 82.98°

 max 103.1 MPapτ τ= = .................................................................................................. Ans. 
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The given values are 

 12 ksixσ =  4 ksiyσ = −  6 ksixyτ = −  

 
( )

( ) ( )
1 12 2 61 1tan tan 18.435 , 71.565

2 2 12 4
xy

p
x y

τ
θ

σ σ
− − −

= = = − °
− − −

°  

When 18.435pθ = − °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin 2 sin cos

12 cos 4 sin 2 6 sin cos

14.000 ksi

n x y xy

p p p

p

σ σ θ σ θ τ θ θ

θ θ θ

σ

= + +

= + − + −

= =

 pθ

 2 1 6.000 ksip x y pσ σ σ σ= + − = −  

 ( )max 1 2 2 10.000 ksip p pτ τ σ σ= = − =  

 ( )45 1 2 2 4.000 ksin p pσ σ σ= + =  

 

(a) 1 14.00 ksi (T)pσ =   18.43 ..................................................................................... Ans. °

 2 6.00 ksi (C)pσ =   ...................................................................................... Ans. 71.57°

 max 10.00 ksipτ τ= = ...................................................................................................... Ans. 
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The given values are 

 75 MPaxσ =  25 MPayσ = −  35 MPaxyτ = −  

 
( )

( ) ( )
1 12 2 351 1tan tan 17.496 , 72.504

2 2 75 25
xy

p
x y

τ
θ

σ σ
− − −

= = = − °
− − −

°  

When 17.496pθ = − °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin 2 sin cos

75 cos 25 sin 2 35 sin cos

86.033 MPa

n x y xy

p p p

p

σ σ θ σ θ τ θ θ

θ θ θ

σ

= + +

= + − + −

= =

θ  p

 2 1 36.033 MPap x y pσ σ σ σ= + − = −  

 ( )max 1 2 2 61.033 MPap p pτ τ σ σ= = − =  

 ( )45 1 2 2 25.00 MPan p pσ σ σ= + =  

 

(a) 1 86.0 MPa (T)pσ =   17.50 .................................................................................... Ans. °

 2 36.0 MPa (C)pσ =   ................................................................................... Ans. 72.50°

 max 61.0 MPapτ τ= = .................................................................................................... Ans. 
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The given values are 

 25 ksixσ =  12 ksiyσ =  10 ksixyτ = −  

 
( )

( ) ( )
1 12 2 101 1tan tan 28.488 , 61.512

2 2 25 12
xy

p
x y

τ
θ

σ σ
− − −

= = = − °
− −

°  

When 28.488pθ = − °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin 2 sin cos

25 cos 12 sin 2 10 sin cos

30.427 ksi

n x y xy

p p p

p

σ σ θ σ θ τ θ θ

θ θ θ

σ

= + +

= + + −

= =

 pθ

 2 1 6.573 ksip x y pσ σ σ σ= + − =  

 ( )1 2 2 11.927 ksip p pτ σ σ= − =  18.500 ksinσ =  

 ( )max max min 2 15.213 ksiτ σ σ= − =  15.213 ksinσ =  

 

(a) 1 30.43 ksi (T)pσ =   ..................................................Ans. 28.49°

 2 6.57 ksi (T)pσ =   ...................................................Ans. 61.51°

 11.93 ksipτ = ............................. max 15.21 ksiτ = ...................................................... Ans. 
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The given values are 

 36 MPaxσ =  26 MPayσ =  12 MPaxyτ =  

 
( )

( ) ( )
1 12 2 121 1tan tan 33.690 , 56.310

2 2 36 26
xy

p
x y

τ
θ

σ σ
− −= = = ° −

− −
°  

When 33.690pθ = °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin 2 sin cos

36 cos 26 sin 2 12 sin cos

44.000 MPa

n x y xy

p p p

p

σ σ θ σ θ τ θ θ

θ θ θ

σ

= + +

= + +

= =

 pθ

 2 1 18.000 MPap x y pσ σ σ σ= + − =  

 ( )1 2 2 13.00 MPap p pτ σ σ= − =  31.00 MPanσ =  

 ( )max max min 2 22.00 MPaτ σ σ= − =  22.00 MPanσ =  

 

(a) 1 44.0 MPa (T)pσ =   ................................................Ans. 33.69°

 2 18.00 MPa (T)pσ =   ................................................................................. Ans. 56.31°

 13.00 MPapτ = ......................... max 22.0 MPaτ = .................................................... Ans. 
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The given values are 

 2 ksixσ = −  14 ksiyσ = −  8 ksixyτ = −  

 
( )

( ) ( )
1 12 2 81 1tan tan 26.565 , 63.435

2 2 2 14
xy

p
x y

τ
θ

σ σ
− − −

= = = − °
− − − −

°  

When 26.565pθ = − °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin 2 sin cos

2 cos 14 sin 2 8 sin cos

2.000 ksi

n x y xy

p p

p

σ σ θ σ θ τ θ θ

θ θ θ

σ

= + +

= − + − + −

= =

 p pθ

 2 1 18.00 ksip x y pσ σ σ σ= + − = −  

 ( )max 1 2 2 10.00 ksip p pτ τ σ σ= = − =  

 ( )45 1 2 2 8.00 ksn p pσ σ σ= + = − i  

 

(a) 1 2.00 ksi (T)pσ =   ....................................................................................... Ans. 26.57°

 2 18.00 ksi (C)pσ =   .................................................................................... Ans. 63.43°

 max 10.00 ksipτ τ= = ...................................................................................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

2-78  
The given values are 

 170 MPaxσ = −  0 MPayσ =  70 MPaxyτ = −  

 
( )

( ) ( )
1 12 2 701 1tan tan 19.736 , 70.264

2 2 170 0
xy

p
x y

τ
θ

σ σ
− − −

= = = ° −
− − −

°  

When 19.736pθ = °  

 ( ) ( ) ( )

2 2

2

2

cos sin 2 sin cos

170 cos 0 2 70 sin cos

195.114 MPa

n x y xy

p p

p

σ σ θ σ θ τ θ θ

pθ θ θ

σ

= + +

= − + + −

= − =

 

 1 2 25.114 MPap x y pσ σ σ σ= + − =  

 ( )max 1 2 2 110.114 MPap p pτ τ σ σ= = − =  

 ( )45 1 2 2 85.00 MPan p pσ σ σ= + = −  

 

 1 25.1 MPa (T)pσ =   ................................................................................... Ans. 70.26°

 2 195.1 MPa (C)pσ =   19.74 ................................................................................. Ans. °

 max 110.1 MPapτ τ= = .................................................................................................. Ans. 
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The given values are 

 0 ksix yσ σ= =   15 ksixyτ =  

 
( )

( ) ( )
1 12 2 151 1tan tan 45.00 , 45.00

2 2 0 0
xy

p
x y

τ
θ

σ σ
− −= = = ° −

− −
°  

When 45.00pθ = °  

 ( ) ( ) ( )

2 2

1

cos sin 2 sin cos

0 0 2 15 sin cos

15.00 ksi

n x y xy

p p

p

σ σ θ σ θ τ θ

θ θ

σ

= + +

= + +

= =

θ

 

 2 1 15.00 ksip x y pσ σ σ σ= + − = −  

 ( )max 1 2 2 15.00 ksip p pτ τ σ σ= = − =  

 ( )45 1 2 2 0 ksn p pσ σ σ= + = i  

 

 1 15.00 ksi (T)pσ =   ..................................................................................... Ans. 45.00°

 2 15.00 ksi (C)pσ =   .................................................................................... Ans. 45.00°

 max 15.00 ksipτ τ= = ...................................................................................................... Ans. 
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2-80  
(a) The given values are 

 27 MPaxσ = −  45 MPayσ =  0 MPaxyτ =  57abθ = − °  

 ( ) ( ) ( ) ( ) ( )2 227 cos 57 45 sin 57 0nσ = − − ° + − ° +  

 23.6 MPa(T)abσ = ...................................................... Ans. 

 ( ) ( ) ( ) ( ) ( )27 45 sin 57 cos 57 0ntτ = − − − − ° − ° +    

 32.9 MPaabτ = − .......................................................... Ans. 

(b) Since there are no shear stresses on the horizontal and vertical surfaces, they are principal surfaces and the 
stresses on them are principal stresses. 

 1 45 MPap yσ σ= =  

 2 27 MPap xσ σ= = −  

 ( )max 1 2 2 36.00 MPap p pτ τ σ σ= = − =  

 ( )45 1 2 2 9.00 MPan p pσ σ σ= + =  

 .................................................................................................. Ans. 1 45.0 MPa (T) pσ = ↑

 2 27.0 MPa (C) pσ = → ............................................................................................... Ans. 

 max 36.0 MPapτ τ= = .................................................................................................... Ans. 
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2-81  
The given values are 

 (T)xσ =  (C)yσ =  8 ksixyτ =  1 12 ksipσ =  2 20 ksipσ = −  

We know that 1 2 8 ksix y p pσ σ σ σ+ = + = −  

and that ( )
2 2

22
1

8 8 12 k
2 2 2 2

x y x y x y
p xy

σ σ σ σ σ σ
σ τ

+ − −   −
= + + = + + =   

   
si  

which gives 27.71281 ksix yσ σ− =  

Therefore 

 9.85641 ksixσ =  17.85641 ksiyσ = −  

 
( )1 12 2 81 1tan tan 15.00 , 75.00

2 2 27.71281
xy

p
x y

τ
θ

σ σ
− −= = = ° −

−
°  

When 15.00pθ = °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin 2 sin cos

9.85641 cos 17.85641 sin 2 8 sin cos

12 ksi

n x y xy

p p

p

σ σ θ σ θ τ θ θ

p pθ θ θ

σ

= + +

= + − +

= =

θ  

 9.86 ksi (T)xσ = ............................................................................................................ Ans. 

 17.86 ksi (C)yσ = .......................................................................................................... Ans. 

 1 15.00pθ = ° ...................................................................................................................... Ans. 
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The given values are 

 y Cσ σ= −  4 4x C yσ σ σ= − =  0 ksixyτ =  30θ = − °  

  
( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin 2 sin cos

4 cos 30 sin 30 0 300 psi
n x y xy

C C

σ σ θ σ θ τ θ θ

σ σ

= + +

= − − ° + − − ° + ≤ −

 92.3 psiCσ ≤  

 
( ) ( )
( ) ( ) ( ) ( ) ( )

2 2sin cos cos sin

4 sin 30 cos 30 0 125 psi
nt x y xy

C C

τ σ σ θ θ τ θ θ

σ σ

= − − + −

= − − − − − ° − ° + ≤  
 

 96.2 psiCσ ≤  

 .......................................................................................................... Ans. ( )max
92.3 psiCσ =
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(a) The given values are 

 10 MPaxσ = −  70 MPayσ = −  40 MPaxyτ =  28abθ = − °  

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin 2 sin cos

10 cos 28 70 sin 28 2 40 sin 28 cos 28
n x y xyσ σ θ σ θ τ θ θ= + +

= − − ° + − − ° + − ° − °

 56.4 MPa 56.4 MPa (C)abσ = − = ............................................................................. Ans. 

 
( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

sin cos cos sin

10 70 sin 28 cos 28 40 cos 28 sin 28

nt x y xyτ σ σ θ θ τ θ θ= − − + −

 = − − − − − ° − ° + − ° − − °    
 

 47.2 MPaabτ = ..........................................................................................Ans. 

(b) 
( )

( ) ( )
1 12 2 401 1tan tan 26.565 ,   63.435

2 2 10 70
xy

p
x y

τ
θ

σ σ
− −= = = ° −

− − − −
 °

When 26.565pθ = °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin 2 sin cos

10 cos 70 sin 2 40 sin cos

10.00 MPa

n x y xy

p p p

p

σ σ θ σ θ τ θ θ

θ θ θ

σ

= + +

= − + − +

= =

 pθ

 2 1 90.00 MPap x y pσ σ σ σ= + − = −  

 ( )max 1 2 2 50.00 MPap p pτ τ σ σ= = − =  

 ( )45 1 2 2 40.00 MPan p pσ σ σ= + = −  

 1 10.00 MPa (T)pσ =   ............................................................................... Ans. 26.565°

 2 90.0 MPa (C)pσ =   ................................................................................ Ans. 63.565°

 max 50.0 MPapτ τ= = .................................................................................................... Ans. 
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The given values for use in  
drawing Mohr’s circle are 

 1 10 ksix pσ σ= =  

 2 0 ksiy pσ σ= =  

 3 0 ksiz pσ σ= =  

 
10 0 5 ksi

2
a +
= =  

 
10 0 5 ksi

2
R −
= =  

 5 5cos90 5 ksi (T)aaσ = + ° = ................................................................Ans. 

 5sin 90 5 ksi (CW) 5 ksiaaτ = ° = = − ...................................................Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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The given values for use in  
drawing Mohr’s circle are 

 0 MPax yσ σ= =  

 40 MPaxyτ =  

 3 0 MPaz pσ σ= =  

 
 
 
  40 MPaR =
 2 40 MPa 40 MPa (C)aa pσ σ= = − = ...................................................Ans. 

 0 MPaaaτ = ................................................................................................Ans. 
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The given values for use in  
drawing Mohr’s circle are 

 1 12 ksix pσ σ= =  

 2 16 ksiy pσ σ= = −  

 3 0 ksiz pσ σ= =  

 
( )12 16

2 ksi
2

a
+ −

= = −  

 
( )12 16

14 ksi
2

R
− −

= =  

 2 14cos52 6.62 ksi (T)abσ = − + ° = .....................................................Ans. 

 14sin 52 11.03 ksi (CCW) 11.03 ksiabτ = ° = = + .............................Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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The given values for use in drawing Mohr’s circle are 

 2 27 MPax pσ σ= = −  

 1 45 MPay pσ σ= =  

 3 0 MPaz pσ σ= =  

 
( )27 45

9 MPa
2

a
− +

= =  

 
( )45 27

36 MPa
2

R
− −

= =  

 9 36cos 66 23.6 MPa (T)abσ = + ° = ....................................................Ans. 

 36sin 66 32.9 MPa (CW) 32.9 MPaabτ = ° = = − .............................Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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The given values for use in drawing Mohr’s circle are 

 25 ksixσ =  

 7 ksiyσ =  

 12 ksixyτ =  

 3 0 ksiz pσ σ= =  

 
25 7 16.00 ksi

2
a +
= =  

 2 29 12 15.00 ksiR = + =  

 1
1

1 12tan 26.57  (CCW)
2 2 9p
φθ −= = = °  

 1 16.00 15.00 31.0 ksi (T)pσ = + =   ......................................................... Ans. 26.57°

 2 16.00 15.00 1.0 ksi (T)pσ = − =   ............................................................ Ans. 63.43°

 15 ksip Rτ = = ................................................................................................................ Ans. 

 ( ) ( )max max min 2 31 0 2 15.5 ksi (out of plane)τ σ σ= − = − = ............................. Ans. 
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The given values for use in  
drawing Mohr’s circle are 

 50 MPaxσ =  

 20 MPayσ =  

 40 MPaxyτ =  

 3 0 MPaz pσ σ= =  

 
50 20 35.00 MPa

2
a +
= =  

 

 2 215 40 42.72 MPaR = + =  

 1
1

1 40tan 34.72  (CCW)
2 2 15p
φθ −= = = °  

 max 42.7 MPap Rτ τ= = = .........................................................Ans. 

 1 35.00 42.7 77.7 MPa (T)pσ = + =   ....................Ans. 34.72°

 2 35.00 42.72 7.72 MPa 7.72 MPa (C)pσ = − = − =   .......................... Ans. 55.28°
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The given values for use in drawing Mohr’s circle are 

 15 ksixσ = −  

 10 ksiyσ =  

 8 ksixyτ =  

 3 0 ksiz pσ σ= =  

 
( )15 10

2.50 ksi
2

a
− +

= = −  

 2 212.5 8 14.841 ksiR = + =  

 1
2

1 8tan 16.31  (CW)
2 2 12.5p
φθ −= = = °  

 1 2.50 14.84 12.34 ksi (T)pσ = − + =   ........... Ans. 73.69°

 2 2.50 14.84 17.34 ksi 17.34 ksi (C)pσ = − − = − =   16.31 ............................. Ans. °

 max 14.84 ksip Rτ τ= = = .............................................................................................. Ans. 
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The given values for use in drawing Mohr’s circle are 

 50 MPaxσ =  0 MPayσ =  

 25 MPaxyτ =  

 3 0 MPaz pσ σ= =  

 ( )50 0 2 25.00 MPaa = + =  

 2 225 25 35.355 MPaR = + =  

 1
1

1 25tan 22.50  (CCW)
2 2 25p
φθ −= = = °  

 max 35.4 MPap Rτ τ= = = .........................................................Ans. 

 1 25.0 35.4 60.4 MPa (T)pσ = + =   .......................Ans. 22.50°

 2 25.00 35.36 10.36 MPa 10.36 MPa (C)pσ = − = − =   ...................... Ans. 67.50°
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The given values for use in  
drawing Mohr’s circle are 

 25 ksixσ =  

 12 ksiyσ =  

 10 ksixyτ = −  

 3 0 ksiz pσ σ= =  

 
25 12 18.50 ksi

2
a +
= =  

 2 26.5 10 11.927 ksiR = + =  

 1
1

1 10tan 28.488  (CW)
2 2 6.5p
φθ −= = = °  

 1 18.5 11.9 30.4 ksi (T)pσ = + =   ................... Ans. 28.49°

 2 18.50 11.93 6.57 ksi (T)pσ = − =   .............. Ans. 61.51°

 11.93 ksip Rτ = = .....................................................................................Ans. 

 ( ) ( )max max min 2 30.427 0 2 15.21 ksi (out of plane)τ σ σ= − = − ≅ .................. Ans. 
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The given values for use in  
drawing Mohr’s circle are 

 80 MPaxσ =  

 100 MPayσ = −  

 60 MPaxyτ = −  

 3 0 MPaz pσ σ= =  

 
80 100 10.00 MPa

2
a −
= = −  

 2 290 60 108.17 MPaR = + =  

 1
1

1 60tan 16.845  (CW)
2 2 90p
φθ −= = = °  

(a) 1 10.0 108.2 98.2 MPa (T)pσ = − + =   16.85 ...................................................... Ans. °

 2 10.0 108.2 118.2 MPa 118.2 MPa (C)pσ = − − = − =   ...................... Ans. 73.15°

 max 108.2 MPap Rτ τ= = = .....................................................................Ans. 

(b) 10 108.17cos 62.310 60.3 MPa 60.3 MPa (C)abσ = − − ° = − = ....Ans. 

 108.17sin 62.310 95.8 MPa (CW) 95.8 MPaabτ = ° = = − .............Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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The given values for use in  
drawing Mohr’s circle are 

 8 ksixσ =  

 0 ksiyσ =  

 5 ksixyτ = −  

 3 0 ksiz pσ σ= =  

 
8 0 4.00 ksi

2
a +
= =  

 2 24 5 6.403 ksiR = + =  

 1
1

1 5tan 25.670  (CW)
2 2 4p
φθ −= = = °  

(a) 1 4.00 6.40 10.40 ksi (T)pσ = + =   ......................................Ans. 25.67°

 2 4.00 6.40 2.40 ksi 2.40 ksi (C)pσ = − = − =   .................Ans. 64.33°

 max 6.40 ksip Rτ τ= = = ...........................................................................Ans. 

(b) 4.00 6.403cos54.920 7.68 ksi (T)abσ = + ° = ...................................Ans. 

 6.403sin 54.920 5.24 ksi (CCW) 5.24 ksiabτ = ° = = + ...................Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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The given values for use in  
drawing Mohr’s circle are 

 20 MPaxσ =  

 120 MPayσ =  

 80 MPaxyτ = −  

 3 0 MPaz pσ σ= =  

 
20 120 70.00 MPa

2
a +
= =  

 2 250 80 94.340 MPaR = + =  

 1
1

1 80tan 28.997  (CCW)
2 2 50p
φθ −= = = °  

(a) 1 70.00 94.3 164.3 MPa (T)pσ = + =   ...................................................... Ans. 61.00°

 2 70.00 94.3 24.3 MPa 24.3 MPa (C)pσ = − = − =   ............................. Ans. 29.00°

 max 94.3 MPap Rτ τ= = = ................................................................... Ans. 

(b) 70 94.340cos5.995 163.82 MPa (T)abσ = + ° = ........................... Ans. 

 94.340sin 5.995 9.85 MPa (CCW) 9.85 MPaabτ = ° = = ........... Ans. 
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The given values for use in  
drawing Mohr’s circle are 

 12 ksixσ =  

 6 ksiyσ = −  

 10 ksixyτ =  

 3 0 ksiz pσ σ= =  

 
( )12 6

3.00 ksi
2

a
+ −

= =  

 2 29 10 13.454 ksiR = + =  

 1
1

1 10tan 24.006  (CCW)
2 2 9p
φθ −= = = °  

(a) 1 3.00 13.45 16.45 ksi (T)pσ = + =   .......................................................... Ans. 24.01°

 2 3.00 13.45 10.45 ksi 10.45 ksi (C)pσ = − = − =   ................................ Ans. 65.99°

 max 13.45 ksip Rτ τ= = = .............................................................................................. Ans. 

 (b) 3.00 13.454cos 71.987 1.160 ksi 1.160 ksi (C)abσ = − ° = − = ......Ans. 

 13.454sin 71.987 12.79 ksi (CCW) 12.79 ksiabτ = ° = = ...............Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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The given stress values are: 

 40 MPaxσ =  20 MPayσ = −  20 MPazσ =  40xθ = °  75yθ = °  

 40 MPaxyτ =  0 MPayzτ =  30 MPazxτ =  54zθ = °  

Then 

 
cos cos cos

40cos 40 40cos 75 30cos54 58.628 MPa
x x x yx y zx zS σ θ τ θ τ θ= + +

= °+ °+ ° =
 

 
cos cos cos

40cos 40 20cos75 0 25.465 MPa
y xy x y y zy zS τ θ σ θ τ θ= + +

= °− °+ =
 

 
cos cos cos

30cos 40 0 20cos54 34.737 MPa
z xz x yz y z zS τ θ τ θ σ θ= + +

= °+ + ° =
 

 ( ) ( ) ( )2 2 22 2 2 58.628 25.465 34.737 72.749 MPax y zS S S S= + + = + + =  

 
cos cos cos

58.628cos 40 25.465cos 75 34.737cos54
n x x y y z zS S Sσ θ θ θ= + +

= °+ °+ °
 

 71.920 MPa 71.9 MPa (T)nσ = ≅ ............................................................................ Ans. 

 ( ) ( )2 22 2 72.749 71.920 10.95 MPan nSτ σ= − = − = ...................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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The given stress values are: 

 14 ksixσ =  12 ksiyσ =  10 ksizσ =  40xθ = °  60yθ = °  

 4 ksixyτ =  4 ksiyzτ = −  0 ksizxτ =  66.2zθ = °  

Then 

 
cos cos cos

14cos 40 4cos 60 0 12.7246 ksi
x x x yx y zx zS σ θ τ θ τ θ= + +

= °+ °+ =
 

 
cos cos cos

4cos 40 12cos 60 4cos 66.2 7.4500 ksi
y xy x y y zy zS τ θ σ θ τ θ= + +

= °+ °− ° =
 

 
cos cos cos

0 4cos 60 10cos 66.2 2.0355 ksi
z xz x yz y z zS τ θ τ θ σ θ= + +

= − °+ ° =
 

 ( ) ( ) ( )2 2 22 2 2 12.7246 7.4500 2.0355 14.8849 ksix y zS S S S= + + = + + =  

 
cos cos cos

12.7246cos 40 7.4500cos 60 2.0355cos 66.2
n x x y y z zS S Sσ θ θ θ= + +

= °+ °+ °
 

 14.2939 ksi 14.29 ksi (T)nσ = ≅ ............................................................................... Ans. 

 ( ) ( )2 22 2 14.8849 14.2939 4.15 ksin nSτ σ= − = − = ........................................ Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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The given stress values are: 

 60 MPaxσ =  90 MPayσ =  60 MPazσ =  60xθ = °  70yθ = °  

 120 MPaxyτ =  75 MPayzτ =  90 MPazxτ =  37.3zθ = °  

Then 

 
cos cos cos

60cos 60 120cos 70 90cos37.3 142.6347 MPa
x x x yx y zx zS σ θ τ θ τ θ= + +

= °+ °+ ° =
 

 
cos cos cos

120cos 60 90cos 70 75cos37.3 150.4421 MPa
y xy x y y zy zS τ θ σ θ τ θ= + +

= °+ °+ ° =
 

 
cos cos cos

90cos 60 75cos 70 60cos37.3 118.3797 MPa
z xz x yz y z zS τ θ τ θ σ θ= + +

= °+ °+ ° =
 

 ( ) ( ) ( )2 2 22 2 2 142.6347 150.4421 118.3797 238.7283 MPax y zS S S S= + + = + + =  

 
cos cos cos

142.6347cos 60 150.4421cos 70 118.3797cos37.3
n x x y y z zS S Sσ θ θ θ= + +

= °+ °+ °
 

 216.9390 MPa 217 MPa (T)nσ = ≅ ........................................................................ Ans. 

 ( ) ( )2 22 2 238.7283 216.9390 99.6 MPan nSτ σ= − = − = ............................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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The given stress values are: 

 0 ksix y zσ σ σ= = =  x y zθ θ θ= =  

 6 ksixyτ =  10 ksiyzτ =  8 ksizxτ =  

But  2 2 2cos cos cos 1x y zθ θ θ+ + =

Therefore cos cos cos 1 3x y zθ θ θ= = =  

 ( )cos cos cos 0 6 8 3 8.0829 ksix x x yx y zx zS σ θ τ θ τ θ= + + = + + =  

 ( )cos cos cos 6 0 10 3 9.2376 ksiy xy x y y zy zS τ θ σ θ τ θ= + + = + + =  

 ( )cos cos cos 8 10 0 3 10.3923 ksiz xz x yz y z zS τ θ τ θ σ θ= + + = + + =  

 ( ) ( ) ( )2 2 22 2 2 8.0839 9.2376 10.3923 16.0831 ksix y zS S S S= + + = + + =  

 ( )cos cos cos 8.0829 9.2376 10.3923 3n x x y y z zS S Sσ θ θ θ= + + = + +  

 16.00 ksi 16.00 ksi (T)nσ = = .................................................................................... Ans. 

 ( ) ( )2 22 2 16.0831 16.00 1.633 ksin nSτ σ= − = − = ........................................... Ans. 
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The given stress values are: 

 72 MPaxσ =  32 MPayσ = −  0 MPazσ =  x y zθ θ θ= =  

 21 MPaxyτ =  0 MPayzτ =  21 MPazxτ =  

But  2 2 2cos cos cos 1x y zθ θ θ+ + =

Therefore cos cos cos 1 3x y zθ θ θ= = =  

 ( )cos cos cos 72 21 21 3 65.8179 MPax x x yx y zx zS σ θ τ θ τ θ= + + = + + =  

 ( )cos cos cos 21 32 0 3 6.3509 MPay xy x y y zy zS τ θ σ θ τ θ= + + = − + = −  

 ( )cos cos cos 21 0 0 3 12.1244 MPaz xz x yz y z zS τ θ τ θ σ θ= + + = + + =  

 ( ) ( ) ( )2 2 22 2 2 65.8179 6.3509 12.1244 67.2260 MPax y zS S S S= + + = + + =  

 ( )cos cos cos 65.8179 6.3509 12.1244 3n x x y y z zS S Sσ θ θ θ= + + = − +  

 41.3333 MPa 41.3 MPa (T)nσ = ≅ .......................................................................... Ans. 

 ( ) ( )2 22 2 67.2260 41.3333 53.0 MPan nSτ σ= − = − = ................................... Ans. 
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The given stress values are: 

 12 ksixσ =  10 ksiyσ = −  8 ksizσ =  

 8 ksixyτ =  10 ksiyzτ = −  12 ksizxτ =  

 10 ksix y zσ σ σ+ + =  

  2 2 2 412 ksix y y z z x xy yz zxσ σ σ σ σ σ τ τ τ+ + − − − = − 2

  2 2 2 2 3152 ksix y z x yz y zx z xy xy yz zxσ σ σ σ τ σ τ σ τ τ τ τ− − − + = − 3

  ( ) ( ) ( )3 210 412 3152 0p p pσ σ σ− + − − − =

 1 max 22.1706 ksi 22.2 ksi (T)pσ σ= = ≅ .................................................................. Ans. 

 2 int 7.3013 ksi 7.30 ksi (T)pσ σ= = ≅ ...................................................................... Ans. 

 3 min 19.4719 ksi 19.47 ksi (C)pσ σ= = − ≅ ............................................................. Ans. 

 
( )max min

max

22.1706 19.4719
20.8 ksi

2 2
σ στ

− −−
= = = ........................................ Ans. 
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The given stress values are: 

 40 MPaxσ =  20 MPayσ = −  20 MPazσ =  

 40 MPaxyτ =  0 MPayzτ =  30 MPazxτ =  

 40 MPax y zσ σ σ+ + =  

  2 2 2 2900 MPax y y z z x xy yz zxσ σ σ σ σ σ τ τ τ+ + − − − = − 2

  2 2 2 2 30,000 MPax y z x yz y zx z xy xy yz zxσ σ σ σ τ σ τ σ τ τ τ τ− − − + = − 3

  ( ) ( ) ( )3 240 2900 30,000 0p p pσ σ σ− + − − − =

 1 max 73.7908 MPa 73.8 MPa (T)pσ σ= = ≅ ........................................................... Ans. 

 2 int 9.4107 MPa 9.41 MPa (T)pσ σ= = ≅ ............................................................... Ans. 

 3 min 43.2014 MPa 43.2 MPa (C)pσ σ= = − ≅ ........................................................ Ans. 

 
( )max min

max

73.7908 43.2014
58.5 MPa

2 2
σ στ

− −−
= = = .................................... Ans. 
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2-105  
The given stress values are: 

 14 ksixσ =  12 ksiyσ =  10 ksizσ =  

 4 ksixyτ =  4 ksiyzτ = −  0 ksizxτ =  

 36 ksix y zσ σ σ+ + =  

  2 2 2 396 ksix y y z z x xy yz zxσ σ σ σ σ σ τ τ τ+ + − − − = 2

  2 2 2 2 1296 ksix y z x yz y zx z xy xy yz zxσ σ σ σ τ σ τ σ τ τ τ τ− − − + = 3

  ( ) ( ) ( )3 236 396 1296 0p p pσ σ σ− + − =

 1 max 18.00 ksi 18.00 ksi (T)pσ σ= = ≅ ..................................................................... Ans. 

 2 int 12.00 ksi 12.00 ksi (T)pσ σ= = ≅ ....................................................................... Ans. 

 3 min 6.00 ksi 6.00 ksi (T)pσ σ= = ≅ ......................................................................... Ans. 

 
( )max min

max

18 6
6.00 ksi

2 2
σ στ

−−
= = = ................................................................... Ans. 
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2-106*  
The given stress values are: 

 60 MPaxσ =  90 MPayσ =  60 MPazσ =  

 120 MPaxyτ =  75 MPayzτ =  90 MPazxτ =  

 210 MPax y zσ σ σ+ + =  

  2 2 2 13,725 MPax y y z z x xy yz zxσ σ σ σ σ σ τ τ τ+ + − − − = − 2

  2 2 2 2 13,500 MPax y z x yz y zx z xy xy yz zxσ σ σ σ τ σ τ σ τ τ τ τ− − − + = 3

 ( ) ( ) ( )3 2210 13,725 13,500 0p p pσ σ σ− + − − =  

 1 max 262.485 MPa 262 MPa (T)pσ σ= = ≅ ............................................................ Ans. 

 2 int 1.000 MPa 1.000 MPa (C)pσ σ= = − ≅ ............................................................ Ans. 

 3 min 51.485 MPa 51.5 MPa (C)pσ σ= = − ≅ ........................................................... Ans. 

 
( )max min

max

262.485 51.485
157.0 MPa

2 2
σ στ

− −−
= = = ..................................... Ans. 
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2-107  
The given stress values are: 

 0 ksix y zσ σ σ= = =  6 ksixyτ =  10 ksiyzτ =  8 ksizxτ =  

 0 ksix y zσ σ σ+ + =  

  2 2 2 200 ksix y y z z x xy yz zxσ σ σ σ σ σ τ τ τ+ + − − − = − 2

  2 2 2 2 960 ksix y z x yz y zx z xy xy yz zxσ σ σ σ τ σ τ σ τ τ τ τ− − − + = 3

  ( ) ( ) ( )3 20 200 960 0p p pσ σ σ− + − − =

 1 max 16.1116 ksi 16.11 ksi (T)pσ σ= = ≅ ................................................................. Ans. 

 2 int 5.7511 ksi 5.75 ksi (C)pσ σ= = − ≅ ................................................................... Ans. 

 3 min 10.3605 ksi 10.36 ksi (C)pσ σ= = − ≅ ............................................................. Ans. 

 
( )max min

max

16.1116 10.3605
13.24 ksi

2 2
σ στ

− −−
= = = ...................................... Ans. 
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2-108  
The given stress values are: 

 72 MPaxσ =  32 MPayσ = −  0 MPazσ =  

 21 MPaxyτ =  0 MPayzτ =  21 MPazxτ =  

 40 MPax y zσ σ σ+ + =  

  2 2 2 3186 MPax y y z z x xy yz zxσ σ σ σ σ σ τ τ τ+ + − − − = − 2

  2 2 2 2 14,112 MPax y z x yz y zx z xy xy yz zxσ σ σ σ τ σ τ σ τ τ τ τ− − − + = 3

  ( ) ( ) ( )3 240 3186 14,112 0p p pσ σ σ− + − − =

 1 max 81.3151 MPa 81.3 MPa (T)pσ σ= = ≅ ............................................................ Ans. 

 2 int 4.7457 MPa 4.75 MPa (C)pσ σ= = − ≅ ............................................................ Ans. 

 3 min 36.5695 MPa 36.6 MPa (C)pσ σ= = − ≅ ........................................................ Ans. 

 
( )max min

max

81.3151 36.5695
58.9 MPa

2 2
σ στ

− −−
= = = ..................................... Ans. 
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2-109*  
The given stress values are: 

 18 ksixσ = −  15 ksiyσ = −  12 ksizσ = −  

 15 ksixyτ = −  12 ksiyzτ =  9 ksizxτ = −  

(a) 45 ksix y zσ σ σ+ + = −  

  2 2 2 216 ksix y y z z x xy yz zxσ σ σ σ σ σ τ τ τ+ + − − − = 2

  2 2 2 2 6507 ksix y z x yz y zx z xy xy yz zxσ σ σ σ τ σ τ σ τ τ τ τ− − − + = 3

  ( ) ( ) ( )3 245 216 6507 0p p pσ σ σ− − + − =

 1 max 9.1477 ksi 9.15 ksi (T)pσ σ= = ≅ ..................................................................... Ans. 

 2 int 22.4191 ksi 22.4 ksi (C)pσ σ= = − ≅ ................................................................. Ans. 

 3 min 31.7286 ksi 31.7 ksi (C)pσ σ= = − ≅ ............................................................... Ans. 

 
( )max min

max

9.1477 31.7286
20.4 ksi

2 2
σ στ

− −−
= = = .......................................... Ans. 

(b) For 3 31.7286 ksipσ = −  

 ( ) ( ) ( ) ( )31.7286 18 15 9 0m n− − − − − − −   l =  (1) 

 ( ) ( ) ( ) ( )31.7286 15 15 12 0m− − − − − −   l n =  (2) 

 ( ) ( ) ( ) ( )31.7286 12 9 12 0n− − − − − −   l m =  (3) 

 
 From Eqs. (1) and (2) 1.01021m = l  

 From Eqs. (2) and (3) 0.15827n = − l  

  ( ) ( )2 22 2 2 2 1.01021 0.15827 1m n+ + = + + − =l l l l

  0.69919=l 3 45.64xθ = ° .............................................. Ans. 

  0.70632m = 3 45.06yθ = ° .............................................. Ans. 

  0.11066n = − 3 96.35zθ = ° .............................................. Ans. 
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2-110*  
The given stress values are: 

 75 MPaxσ =  35 MPayσ =  55 MPazσ =  

 45 MPaxyτ =  28 MPayzτ =  36 MPazxτ =  

(a) 165 MPax y zσ σ σ+ + =  

  2 2 2 4570 MPax y y z z x xy yz zxσ σ σ σ σ σ τ τ τ+ + − − − = 2

  2 2 2 2 19,560 MPax y z x yz y zx z xy xy yz zxσ σ σ σ τ σ τ σ τ τ τ τ− − − + = 3

  ( ) ( ) ( )3 2165 4570 19,560 0p p pσ σ σ− + − =

 1 max 131.3380 MPa 131.3 MPa (T)pσ σ= = ≅ ....................................................... Ans. 

 2 int 28.4218 MPa 28.4 MPa (T)pσ σ= = ≅ ............................................................ Ans. 

 3 min 5.2399 MPa 5.24 MPa (T)pσ σ= = ≅ ............................................................. Ans. 

 
( )max min

max

131.33880 5.2399
63.0 MPa

2 2
σ στ

−−
= = = ..................................... Ans. 

(b) For 1 131.3380 MPapσ =  

 ( ) ( ) ( ) ( )131.3380 75 45 36 0m n− − −   l =  (1) 

 ( ) ( ) ( ) ( )131.3380 35 45 28 0m− − −   l n =  (2) 

 ( ) ( ) ( ) ( )131.3380 55 36 28 0n− − −   l m =  (3) 

 From Eqs. (1) and (2) 0.67626m = l  

 From Eqs. (2) and (3) 0.71963n = l  

  ( ) ( )2 22 2 2 2 0.67626 0.71963 1m n+ + = + + =l l l l

  0.71153=l 1 44.64xθ = ° .............................................. Ans. 

  0.48118m = 1 61.24yθ = ° .............................................. Ans. 

  0.51204n = 1 59.20zθ = ° .............................................. Ans. 
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2-111  
The given stress values are: 

 18 ksixσ =  12 ksiyσ =  6 ksizσ =  

 12 ksixyτ =  6 ksiyzτ = −  9 ksizxτ =  

(a) 36 ksix y zσ σ σ+ + =  

  2 2 2 135 ksix y y z z x xy yz zxσ σ σ σ σ σ τ τ τ+ + − − − = 2

  2 2 2 2 2484 ksix y z x yz y zx z xy xy yz zxσ σ σ σ τ σ τ σ τ τ τ τ− − − + = − 3

  ( ) ( ) ( )3 236 135 2484 0p p pσ σ σ− + − − =

 1 max 28.0170 ksi 28.0 ksi (T)pσ σ= = ≅ .................................................................. Ans. 

 2 int 14.2186 ksi 14.22 ksi (T)pσ σ= = ≅ .................................................................. Ans. 

 3 min 6.2355 ksi 6.24 ksi (C)pσ σ= = − ≅ .................................................................. Ans. 

 
( )max min

max

28.0170 6.2355
17.13 ksi

2 2
σ στ

− −−
= = = ........................................ Ans. 

(b) For 1 28.0170 ksipσ =  

 ( ) ( ) ( ) ( )28.0170 18 12 9 0m n− − −   l =  (1) 

 ( ) ( ) ( ) ( )28.0170 12 12 6 0m− − − −   l n =  (2) 

 ( ) ( ) ( ) ( )28.0170 6 9 6 0n− − − −   l m =  (3) 

 From Eqs. (1) and (2) 0.66384m = l  

 From Eqs. (2) and (3) 0.22787n = l  

  ( ) ( )2 22 2 2 2 0.66384 0.22787 1m n+ + = + + =l l l l

  0.81852=l 1 35.06xθ = ° .............................................. Ans. 

  0.54336m = 1 57.09yθ = ° .............................................. Ans. 

  0.18652n = 1 79.25zθ = ° .............................................. Ans. 
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2-112  
The given stress values are: 

 100 MPaxσ =  100 MPayσ = −  80 MPazσ =  

 50 MPaxyτ =  70 MPayzτ = −  64 MPazxτ = −  

(a) 80 MPax y zσ σ σ+ + =  

  2 2 2 21,496 MPax y y z z x xy yz zxσ σ σ σ σ σ τ τ τ+ + − − − = − 2

  2 2 2 2 632, 400 MPax y z x yz y zx z xy xy yz zxσ σ σ σ τ σ τ σ τ τ τ τ− − − + = − 3

 ( ) ( ) ( )3 280 21, 496 632, 400 0p p pσ σ σ− + − − − =  

 1 max 179.9330 MPa 179.9 MPa (T)pσ σ= = ≅ ....................................................... Ans. 

 2 int 27.5659 MPa 27.6 MPa (T)pσ σ= = ≅ ............................................................ Ans. 

 3 min 127.4990 MPa 127.5 MPa (C)pσ σ= = − ≅ .................................................... Ans. 

 
( )max min

max

179.9330 127.4990
153.7160 MPa

2 2
σ στ

− −−
= = = ....................... Ans. 

(b) For 3 127.4990 MPapσ = −  

 ( ) ( ) ( ) ( )127.4990 100 50 64 0m n− − − − −   l =  (1) 

 ( ) ( ) ( ) ( )127.4990 100 50 70 0m− − − − − −   l n =  (2) 

 ( ) ( ) ( ) ( )127.4990 80 64 70 0n− − − − − − =   l m  (3) 

 From Eqs. (1) and (2) 7.31291m = − l  

 From Eqs. (2) and (3) 2.15885n = − l  

  ( ) ( )2 22 2 2 2 7.31591 2.15885 1m n+ + = + + =l l l l

  0.13004=l 3 82.53xθ = ° .............................................. Ans. 

  0.95094m = − 3 161.98yθ = ° ............................................ Ans. 

  0.28073n = − 3 106.30zθ = ° ............................................ Ans. 
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2-113*  
From a free-body diagram of the ring C,  
the equations of equilibrium give 

0 :xF→Σ =   sin15 0CE BCT T° − =

0 :yF↑Σ =   cos15 2000 0CET ° − =

  2070.552 lbCET =

  535.898 lbBCT =

Then, from a free-body diagram of the ring B  
the equations of equilibrium give 

0 :xF→Σ =   cos15 0BC ABT T− ° =

0 :yF↑Σ =   sin15 0ABT P° − =

  554.803 lbABT =

  143.594 lbP =

 
( )2
554.803 11,302 psi 11.30 ksi (T)
0.25 4

AB
AB

T
A

σ
π

= = = ≅ ............................................... Ans. 

 
( )2

2070.552 42,181 psi 42.2 ksi (T)
0.25 4

CE
CE

T
A

σ
π

= = = ≅ ................................................. Ans. 
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2-114*  
From a free-body diagram of the pin B, the equations of equilibrium give 

0 :xF→Σ =   cos 60 0AB BCT T− + ° =

0 :yF↑Σ =   sin 60 75 0BCT ° − =

  43.30127 kNABT = 86.60254 kNBCT =  

 
( ) ( )

3
6 2

43.30127 10
75 10  N mAB

AB
AB AB

T
A A

σ = = ≤  

 
( ) ( )

3
6 2

86.6025410
75 10  N mBC

BC
BC BC

T
A A

σ = = ≤  

 ...................................................................................... Ans. ( )6 2577 10  m 577 mmABA −≥ = 2

 ................................................................................... Ans. ( )6 21155 10  m 1155 mmBCA −≥ = 2

 ( )6 2
2

43,301.27 100 10  N/m
4A

A

V
A d

τ
π

= = ≤  

 ( )6 2
2

86,602.54 100 10  N/m
4C

C

V
A d

τ
π

= = ≤  

 .......................................................................................... Ans. ( )323.5 10  m 23.5 mmAd −≥ =

 .......................................................................................... Ans. ( )333.2 10  m 33.2 mmCd −≥ =
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2-115  
From a free-body diagram of the pin B,  
the equations of equilibrium give 

0 :xF→Σ =   cos30 cos30 0AB BCT T° + ° =

0 :yF↑Σ =   sin 30 sin 30 7500 0AB BCT T° − °− =

   7500 lbABT = 7500 lbBCT = −
Then, from a free-body diagram of the pin B  
the equations of equilibrium give 

0 :xF→Σ =   cos 60 cos30 cos30 0AC CD BCT T T° + °− ° =

0 :yF↑Σ =   sin 60 sin 30 sin 30 9000 0AC CD BCT T T° − ° + °− =

  7794.229 lbACT =

  12,000 lbP = −

 
7794.229 5277 psi 5.28 ksi (T)

1.477
AC

AC
T
A

σ = = = ≅ ........................................................ Ans. 

 
12,000 3500 psiCD

CD
CD

T
A A

σ = = ≤  

 ........................................................................................................................ Ans. 23.43 in.CDA ≥

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

2-116*  

 
( )( ) ( ) ( )6 21 cos 2 65 12 10  N m

2 0.150 0.180n
Pσ = + ° ≤    

  ( )61.814 10  NP ≤

 
( )( ) ( ) ( )6 2sin 2 65 1.40 10  N m

2 0.150 0.180n
Pτ = ° ≤  

  ( )398.7 10  NP ≤

 .............................................................................Ans. max 98.7 kNP =
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2-117  
The given values are 

 12 ksixσ =  28 ksiyσ =  7 ksixyτ =  23abθ = °  

  
( ) ( ) ( ) ( ) ( ) ( ) (

2 2

2 2

cos sin 2 sin cos

12 cos 23 28 sin 23 2 7 sin 23 cos 23
n x y xyσ σ θ σ θ τ θ θ= + +

= ° + ° + ° )°
 19.48 ksi 19.48 ksi (T)abσ = + = ...........................................................Ans. 

 
( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

sin cos cos sin

12 28 sin 23 cos 23 7 cos 23 sin 23

nt x y xyτ σ σ θ θ τ θ θ= − − + −

 = − − ° ° + ° − °    
 

 10.62 ksiabτ = + .........................................................................................Ans. 
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2-118  
The given values are 

 35 MPaxσ = −  45 MPayσ =  18 MPaxyτ = −  

 
( )

( ) ( )
1 12 2 181 1tan tan 12.114 , 77.886

2 2 35 45
xy

p
x y

τ
θ

σ σ
− − −

= = = ° −
− − −

°  

When 12.114pθ = °  

 ( ) ( ) ( )

2 2

2 2

2

cos sin 2 sin cos

35 cos 45 sin 2 18 sin cos

38.863 MPa

n x y xy

p p p

p

σ σ θ σ θ τ θ θ

pθ θ θ

σ

= + +

= − + + −

= − =

θ  

 1 2 48.863 MPap x y pσ σ σ σ= + − =  

 ( )max 1 2 2 43.863 MPap p pτ τ σ σ= = − =  

 ( )45 1 2 2 5 MPan p pσ σ σ= + =  

 1 48.9 MPa (T)pσ =   ................................. Ans. 77.89°

 2 38.9 MPa (C)pσ =   12.11 ................................. Ans. °

 max 43.9 MPapτ τ= = .................................................. Ans. 
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2-119*  
The given values for use in  
drawing Mohr’s circle are 

 13 ksixσ =  

 7 ksiyσ =  

 4 ksixyτ = −  

 3 0 ksiz pσ σ= =  

 
13 7 10.00 ksi

2
a +
= =  

 2 23 4 5.00 ksiR = + =  

 1
1

1 4tan 26.57  (CW)
2 2 3p
φθ −= = = °  

(a) 1 10.00 5.00 15.00 ksi (T)pσ = + =   ......................................................... Ans. 26.57°

 2 10.00 5.00 5.0 ksi (T)pσ = − =   ............................................................. Ans. 63.43°

 5 ksip Rτ = = .................................................................................................................. Ans. 

 ( ) ( )max max min 2 15 0 2 7.50 ksi (out of plane)τ σ σ= − = − = ............................. Ans. 

(b) 10 5.00cos 66.870 8.04 ksi 8.04 ksi (T)abσ = − ° = = ......................Ans. 

 5.00sin 66.870 4.60 ksi (CW) 4.60 ksiabτ = ° = = − ........................Ans. 
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2-120  
The given stress values are: 

 53 MPaxσ =  28 MPayσ = −  36 MPazσ =  40xθ = °  75yθ = °  

 24 MPaxyτ =  18 MPayzτ = −  46 MPazxτ =  54zθ = °  

(a) cos cos cosx x x yx y zxS zσ θ τ θ τ θ= + +  

  53cos 40 24cos 75 46cos54 73.8501 MPa= °+ ° + ° =

 
cos cos cos

24cos 40 28cos 75 18cos54 0.5578 MPa
y xy x y y zy zS τ θ σ θ τ θ= + +

= °− °− ° =
 

 
cos cos cos

46cos 40 18cos 75 36cos54 51.7385 MPa
z xz x yz y z zS τ θ τ θ σ θ= + +

= °− °+ ° =
 

 ( ) ( ) ( )2 2 22 2 2 73.8501 0.5578 51.7395 90.1728 MPax y zS S S S= + + = + + =  

 
cos cos cos

73.8501cos 40 0.5578cos 75 51.7395cos54
n x x y y z zS S Sσ θ θ θ= + +

= °+ °+ °
 

 87.1285 MPa 87.1 MPa (T)nσ = ≅ .......................................................................... Ans. 

 ( ) ( )2 22 2 90.1728 87.1285 23.2 MPan nSτ σ= − = − = ................................... Ans. 
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2-120 (cont.) 
(b) 61 MPax y zσ σ σ+ + =  

  2 2 2 3600 MPax y y z z x xy yz zxσ σ σ σ σ σ τ τ τ+ + − − − = − 2

  2 2 2 2 71,828 MPax y z x yz y zx z xy xy yz zxσ σ σ σ τ σ τ σ τ τ τ τ− − − + = − 3

  ( ) ( ) ( )3 261 3600 71,828 0p p pσ σ σ− + − − − =

 1 max 91.7133 MPa 91.7 MPa (T)pσ σ= = ≅ ........................................................... Ans. 

 2 int 16.5662 MPa 16.57 MPa (T)pσ σ= = ≅ ........................................................... Ans. 

 3 min 47.2785 MPa 47.3 MPa (C)pσ σ= = − ≅ ........................................................ Ans. 

 
( )max min

max

91.7133 47.2785
69.5 MPa

2 2
σ στ

− −−
= = = ..................................... Ans. 

(c) For 1 91.7133 MPapσ =  

 ( ) ( ) ( ) ( )91.7133 53 24 46 0m n− − −   l =  (1) 

 ( ) ( ) ( ) ( )91.7133 28 24 18 0m− − − − − =   l n  (2) 

 ( ) ( ) ( ) ( )91.7133 36 46 18 0n− − − −   l m =  (3) 

 From Eqs. (1) and (2) 0.08023m = l  

 From Eqs. (2) and (3) 0.79973n = l  

  ( ) ( )2 22 2 2 2 0.08023 0.79973 1m n+ + = + + =l l l l

  0.77944=l 1 38.79xθ = ° .............................................. Ans. 

  0.06253m = 1 86.41yθ = ° .............................................. Ans. 

  0.62334n = 1 51.44zθ = ° .............................................. Ans. 
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2-121 Equation 2-22 is 
 ( ) ( )3 2 2 2 2

p x y z p x y y z z x xy yz zx pσ σ σ σ σ σ σ σ σ σ σ τ τ τ σ− + + + + + − − −  

 ( )2 2 2 2 0x y z x yz y zx z xy xy yz zxσ σ σ σ τ σ τ σ τ τ τ τ− − − − + =  

For plane stress 0z zx yzσ τ τ= = =  

  ( ) ( )3 2 2 0p x y p x y xy pσ σ σ σ σ σ τ σ− + + − =

  ( ) ( )2 2 0p p x y p x y xyσ σ σ σ σ σ σ τ − + + − = 

 

( ) ( ) ( ) ( ) ( ) ( )

( ) ( )

2 22 2

22 2
2 2

4 4
2 2 4

2
2 4 2 2

x y x y x y xy x y x y xyx y
p

x y x yx x y y x y
xy xy

σ σ σ σ σ σ τ σ σ σ σ τσ σ
σ

σ σ σ σσ σ σ σ σ σ
τ τ

+ ± + − − + − −+
= = ±

+ +− + − 
= ± + = ± + 

 

 

which is Eq. 2-15. 
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( )( )

0.625 0.00208 in./in. 2080 in./in.
25 12

L
L

ε µ∆
= = = = ................................................. Ans. 
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L

L
ε ∆
=  ( )61200 10

400
L− ∆

=  

 ..................................................................................................................... Ans. 0.480 mmL∆ =
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( )1.5 0.450 2

0.300 in./in.
8avg

L
L

ε
+∆

= = = ..................................................................... Ans. 
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(a) 
5 5.5 6.5 9 19.5 7 6 5

200avg
L

L
ε ∆ + + + + + + +

= =  .................. Ans. 0.317 m/mavgε =

(b) 
9 19.5

50avgε +
=  .................... Ans. ( )

max
0.570 m/mavgε =
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0.1 0.0200 in./in. 0.0200 rad
0.5x

y
L

γ ∆
= = = = ................................................................... Ans. 
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 1 10.380 0.200tan tan 0.08938 0.001560 rad
500 250xyγ − −= + = ° =  

 1560 radxyγ µ= ..................................................................................................................... Ans. 
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 90 89.92 0.0800 0.001396 rad 1396 radxyγ µ= °− ° = ° = = ........................................ Ans. 
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(a) 2 22 199 199.01005 mmABL = + =  

 
200 0.98995 0.00495 m/m 4950 m/m

200 200
AB

avg
Lε µ− −

= = = − = − .............................. Ans. 

(b) 
2 0.0100 rad

200y

x
L

γ ∆
= = = ................................................................................................ Ans. 
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(a) ( )( )6800 10 70 0.056000 in.BC DE DE DELδ δ ε −= = = =  

 
0.056000 0.001400 in./in.

40
BC

BC
BCL

δε = = =  

 1400 in./in.BCε µ= ................................................................................................................ Ans. 

 

(b) 0.006 0.050000 in.BC DEδ δ= − =  

 
0.050000 0.001250 in./in.

40
BC

BC
BCL

δε = = =  

 1250 in./in.BCε µ= ................................................................................................................ Ans. 
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  ( )0.0075 150 1.1250 mmD D DLδ ε= = =

 
100 50

e b
=   2e b=

(a) 0.09 mmDb δ= +  CEe δ=  

  ( ) ( )2 0.09 2 1.1250 0.09 2.4300 mmCE Dδ δ= + = + =

 
2.4300 0.00810 m/m 8100 m/m

300
CE

CE
CEL

δε µ= = = = .................................................... Ans. 

(b) 0.09 mmDb δ= +  0.10 mmCEe δ= +  

 ( ) ( ) ( )0.10 2 0.09 2 1.12500 0.09 2.4300 mmCE Dδ δ+ = + = + =  

 2.3300 mmCEδ =  

 
2.3300 0.00777 m/m 7770 m/m

300
CE

CE
CEL

δε µ= = = = .................................................... Ans. 
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(a) 
2.15 2.00 0.0750 in./in.

2.00avg
d

d
ε ∆ −

= = = .....................................Ans. 

(b) 
2 2

2circ
circ circ circ d d d d d

circ circ d d d
π πε

π
′ ′ ′∆ − − −

= = = = =
∆

 

 0.0750 in./in.circ d
d

d
ε ε∆

= = = .......................................................Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

3-12*  

   2kxε = ( ) ( )261250 10 1500k− =

  ( )10 25.55556 10  /mmk −= ( )10 25.55556 10  m/mxε −=  

(a) ( )
300033000 2 9

0
0

9 10 5.00 mm
3

kxL kx dx k∆ = = = =∫ ................................................. Ans. 

(b) 
5.00 0.001667 m/m 1667 m/m
3000avg

L
L

ε µ∆
= = = = ............................................... Ans. 

(c) .................................... Ans. ( )2
max 3000 3000 0.00500 m/m 5000 m/mx kε ε µ== = = =
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  ( )0.0014 15 0.02100 in.B B BLδ ε= = =

 
10 6
a b
=  

5
3
ba =  

 ADa δ=  0.009 in.Bb δ= +  

 
( ) ( )5 0.009 5 0.02100 0.009

0.05000 in.
3 3

B
AD

δ
δ

+ +
= = =  

 
0.05000 0.001000 in./in. 1000 in./in.

50
AD

AD
ADL

δε µ= = = = ...............Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

3-14  
  1.5 0.02618 rad° =

  ( )55 0.02618 1.43990 mma = =

  ( )42.5 0.02618 1.11265 mmb = =

 1 1 1.43990tan tan 6.5710 0.1147 rad
12.5 12.5

aα − −= = = ° =  

 1 1 1.11265tan tan 5.0866 0.0888 rad
12.5 12.5

bβ − −= = = ° =  

(a) 0.1147 radrθγ α= = ............................................................................................................ Ans. 

(b) 0.0888 radrθγ β= = ............................................................................................................ Ans. 
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1 20sin 45 0.4tan

20cos 45
45.7989

P QRα − ° +′= =
°

= °

R
 

 
( )

180 2
180 2 45.7989 88.4021

QP Rθ α′ ′= = ° −

= °− ° =

R
°

 

  ( )90 90 88.4021 1.5979γ θ ′= ° − = ° − ° = °

 0.0279 radγ = ..................................................................... Ans. 
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The given values are 

 2000 m/mxε µ= −  1500 m/myε µ= −  

 1250 radxyγ µ=  35nθ = − °  

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin sin cos

2000 cos 35 1500 sin 35 1250 sin 35 cos 35
n x y xyε ε θ ε θ γ θ θ= + +

= − − ° + − − ° + − ° − °

 2420 m/mnε µ= − ................................................................................................................. Ans. 
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The given values are 
 880 in./in.xε µ=  960 in./in.yε µ=  750 radxyγ µ= −  

(a) ( )1tan 2 4 26.565ACθ −= = °  

  
( ) ( ) ( ) ( ) ( ) ( ) (

2 2

2 2

cos sin sin cos

880 cos 26.565 960 sin 26.565 750 sin 26.565 cos 26.565
AC x y xyε ε θ ε θ γ θ θ= + +

= ° + ° + − ° )°
 596 in./in.ACε µ= .................................................................................................................. Ans. 

(b) ( )1tan 2 4 26.565BDθ −= − = − °  

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin sin cos

880 cos 26.565 960 sin 26.565 750 sin 26.565 cos 26.565
BD x y xyε ε θ ε θ γ θ θ= + +

= − ° + − ° + − − ° − °

 1196 in./in.BDε µ= ................................................................................................................ Ans. 
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The given values are 
 1750 m/mxε µ=  2200 m/myε µ= −  800 radxyγ µ= −  

(a) 45nθ = − °  45tθ = + °  

  
( ) ( ) ( ) ( ) ( ) ( ) (

2 2

2 2

cos sin sin cos

1750 cos 45 2200 sin 45 800 sin 45 cos 45
n x y xyε ε θ ε θ γ θ θ= + +

= − ° + − − ° + − − ° − °)
 175 m/mnε µ= ...................................................................................................................... Ans. 

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin sin cos

1750 cos 45 2200 sin 45 800 sin 45 cos 45
t x y xyε ε θ ε θ γ θ θ= + +

= ° + − ° + − ° °

 625 m/mtε µ= − .................................................................................................................... Ans. 

(b) ( ) ( )2 22 sin cos cos sinnt x y xyγ ε ε θ θ γ θ θ= − − + −  

 ( ) ( ) ( ) ( ) ( ) ( ) (2 22 1750 2200 sin 45 cos 45 800 cos 45 sin 45 ) = − − − − ° − ° + − − ° − − °      

 3950 radntγ µ= ..................................................................................................................... Ans. 
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(a) 
0.06 0.00200 in./in. 2000 in./in.
30x

L
L

ε ∆
= = = = µ ........................................................ Ans. 

 
0.03 0.00100 in./in. 1000 in./in.
30y

L
L

ε µ∆ −
= = = − = ................................................... Ans. 

 0 radxyγ µ= ............................................................................................................................ Ans. 

(b) 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( )2 22000 cos 30 1000 sin 30 0= ° + − ° +  

 1250 in./in.nε µ= .................................................................................................................. Ans. 
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 ( ) ( )2 2100.5 0.1 100.0500500 mmxL′ = + =  

 ( ) ( )2 20.02 49.99 49.9900040 mmyL′ = + =  

 1 10.02 0.190 tan tan 90.03438
50 100xyθ − −   ′ = ° − + =      

°  

 ( )60.0500500 501 10  m/m 500 m/m
100

x
x

x

L
L

ε µ−∆
= = = = ............................................. Ans. 

 ( )649.9900040 50 199.9 10  m/m 199.9 m/m
50

y
y

y

L
L

ε µ−∆ −
= = = − = − ..................... Ans. 

 ( )690 0.03438 600 10  rad 600 radxy xyγ θ −′= ° − = − ° = − = − µ .................................... Ans. 
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The given values are 

 800 in./in.xε µ= −  640 in./in.yε µ=  960 radxyγ µ= −  

 42nθ = °  132tθ = °  

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin sin cos

800 cos 42 640 sin 42 960 sin 42 cos 42
n x y xyε ε θ ε θ γ θ θ= + +

= − ° + ° + − ° °

 633 in./in.nε µ= − ................................................................................................................. Ans. 

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin sin cos

800 cos 132 640 sin 132 960 sin 132 cos 132
t x y xyε ε θ ε θ γ θ θ= + +

= − ° + ° + − ° °

 473 in./in.tε µ= ..................................................................................................................... Ans. 

 
( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

2 sin cos cos sin

2 800 640 sin 42 cos 42 960 cos 42 sin 42

nt x y xyγ ε ε θ θ γ θ θ= − − + −

 = − − − ° ° + − ° − °    
 

 1332 radntγ µ= ...................................................................................................................... Ans. 
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The given values are 

 720 m/mxε µ=  480 m/myε µ= −  360 radxyγ µ=  

 30nθ = − °  60tθ = °  

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin sin cos

720 cos 30 480 sin 30 360 sin 30 cos 30
n x y xyε ε θ ε θ γ θ θ= + +

= − ° + − − ° + − ° − °

 264 m/mnε µ= ...................................................................................................................... Ans. 

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin sin cos

720 cos 60 480 sin 60 360 sin 60 cos 60
t x y xyε ε θ ε θ γ θ θ= + +

= ° + − ° + ° °

 24.1 m/mtε µ= − ................................................................................................................... Ans. 

 
( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

2 sin cos cos sin

2 720 480 sin 30 cos 30 360 cos 30 sin 30

nt x y xyγ ε ε θ θ γ θ θ= − − + −

 = − − − − ° − ° + − ° − − °    
 

 1219 radntγ µ= ...................................................................................................................... Ans. 
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Equation (b) is 

 ( ) ( ) ( )22 22 2 2 21 1 cos 1n x ydn dn dn 2sinε ε θ ε+ = + + + θ  

 ( )( )22 sin cos 1 1 sinx ydn xyθ θ ε ε γ+ + +  

 ( ) ( )2 2 2 21 2 1 2 cos 1 2 sinn n x x y y
2ε ε ε ε θ ε ε+ + = + + + + + θ  

 ( )2sin cos sin sin sin sinxy x xy y xy x y xyθ θ γ ε γ ε γ ε ε γ+ + + +  

But , therefore 2 2sin cos 1θ θ+ =

 ( ) ( )2 2 2 22 2 cos 2 sin n x x y y
2nε ε ε ε θ ε ε+ = + + + θ  

 ( )2sin cos sin sin sin sinxy x xy y xy x y xyθ θ γ ε γ ε γ ε ε γ+ + + +  

and then the small strain approximation 2
n nε ε= , 2

x xε ε= ,and 2
y yε ε= .  Also, sin xy xyγ γ≅ ,  

therefore x xyε γ , y xyε γ , and x y xyε ε γ  are all xyγ= , and Eq. (b) can be written 

 2 22 2 cos 2 sin 2 sin cosn x y xyε ε θ ε θ γ θ= + + θ  

which upon dividing through by 2 is Eq. 3-7a. 
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The given values are 

 600 m/mx ADε ε µ= = −  

 1200 m/mABε µ= −  1 240tan 50.194
200ABθ −= = °  

 750 m/mBDε µ=  50.194BD ABθ θ= − = − °  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

  ( ) 2 2600 cos sin sin cos 1200AB AB y AB xy AB ABε θ ε θ γ θ θ= − + + = −

  ( ) 2 2600 cos sin sin cos 750BD BD y BD xy BD BDε θ ε θ γ θ θ= − + + =

 0.59016 0.49180 954.098y xyε γ+ = −  

 0.59016 0.49180 995.902y xyε γ− =  

 35.4 m/myε µ= ..................................................................................................................... Ans. 

 1983 radntγ µ= − ................................................................................................................... Ans. 
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The given values are 

 1250 in./in.xε µ=  1575 in./in.nε µ=  1350 in./in.tε µ=  

 45nθ = °  135tθ = °  

 ( ) ( ) ( ) ( ) ( )2 21250 cos 45 sin 45 sin 45 cos 45 1575n y xyε ε γ= ° + ° + ° ° =  

 ( ) ( ) ( ) ( ) ( )2 21250 cos 135 sin 135 sin 135 cos 135 1350t y xyε ε γ= ° + ° + ° ° =  

 0.5 0.5 950y xyε γ+ =  

 0.5 0.5 725y xyε γ− =  

 1675 in./in.yε µ=  225 radxyγ µ=  

(a) ( ) ( ) ( ) ( ) ( ) ( ) (2 22 1250 1675 sin 45 cos 45 225 cos 45 sin 45ntγ ) = − − ° ° + ° − °      

 425 radntγ µ= ........................................................................................................................ Ans. 

(b) 1675 in./in.yε µ= .................................................................................................................. Ans. 
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3-26  
The given values are 

 1950 m/mxε µ=  1625 m/myε µ= −  1275 m/mnε µ= −  

 sin 3 5nθ =  cos 4 5nθ =  

(a)  ( ) ( )2 21950 cos 1625 sin sin cos 1275n n n xy n nε θ θ γ θ θ= + − + = −

 4037.500 rad 4040 radxyγ µ= − ≅ − µ .............................................................................. Ans. 

(b) ( ) ( ) ( ) ( ) ( ) ( ) (2 21950 cos 1625 sin 4037.5 sin cosQR n n n n )ε θ θ θ= − + − − + − − θ−  

 2600 m/mQRε µ= ................................................................................................................. Ans. 
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3-27*  
The given values are 

 600 in./in.xε µ=  200 in./in.yε µ= −  480 radxyγ µ= −  

 
( )

( ) ( )
1 1 4801 1tan tan 15.482 , 74.518

2 2 600 200
xy

p
x y

γ
θ

ε ε
− − −

= = = − °
− − −

°  

When 15.482pθ = − °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin sin cos

600 cos 200 sin 480 sin cos

666.476 in./in.

n x y xy

p p

p

ε ε θ ε θ γ θ θ

θ θ θ

µ ε

= + +

= + − + −

= =

θ  p p

 2 1 266.476 in./in.p x y pε ε ε ε µ= + − = −  

 max 1 2 932.952 radp p pγ γ ε ε µ= = − =  

 1 666 in./in.pε µ= +   15.48 ................................... Ans. °

 

 2 266 in./in.pε µ= −   ............................................................................................ Ans. 74.52°

 3 0 in./in.pε µ= ....................................................................................................................... Ans. 

 max 933 radpγ γ µ= = ............................................................................................................ Ans. 
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3-28*  
The given values are 

 960 m/mxε µ=  320 m/myε µ= −  500 radxyγ µ=  

 
( )

( ) ( )
1 1 5001 1tan tan 10.668 , 79.332

2 2 960 320
xy

p
x y

γ
θ

ε ε
− −= = = ° −

− − −
°  

When 10.668pθ = °  

 
( ) ( ) ( )

2 2

2 2
1

cos sin sin cos

960 cos 320 sin 500 sin cos 1007.095 m/m
n x y xy

p p p p

ε ε θ ε θ γ θ θ

pθ θ θ θ µ

= + +

= + − + = ε=
 

 2 1 367.095 m/mp x y pε ε ε ε µ= + − = −  

 max 1 2 1374.190 radp p pγ γ ε ε µ= = − =  

 1 1007 m/mpε µ= +   10.67 ..............Ans. °

 2 367 m/mpε µ= −   ................Ans. 79.33°

 3 0 m/mpε µ= ......................................................................................................................... Ans. 

 max 1374 radpγ γ= = µ .......................................................................................................... Ans. 
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3-29  
The given values are 

 900 in./in.xε µ=  300 in./in.yε µ= −  480 radxyγ µ=  

 
( )

( ) ( )
1 1 4801 1tan tan 10.901 , 79.099

2 2 900 300
xy

p
x y

γ
θ

ε ε
− −= = = ° −

− − −
°  

When 10.901pθ = °  

 
( ) ( ) ( )

2 2

2 2
1

cos sin sin cos

900 cos 300 sin 480 sin cos 946.220 in./in.
n x y xy

p p p p

ε ε θ ε θ γ θ θ

pθ θ θ θ µ

= + +

= + − + = ε=
 

 2 1 346.220 in./in.p x y pε ε ε ε µ= + − = −  

 max 1 2 1292.440 radp p pγ γ ε ε µ= = − =  

 1 946 in./in.pε µ= +   10.90 .....................Ans. °

 2 346 in./in.pε µ= −   .....................Ans. 79.10°

 3 0 in./in.pε µ= ....................................................................................................................... Ans. 

 max 1292 radpγ γ= = µ .......................................................................................................... Ans. 
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3-30  
The given values are 

 900 m/mxε µ= −  600 m/myε µ=  420 radxyγ µ= −  

 
( )

( ) ( )
1 1 4201 1tan tan 7.821 , 82.179

2 2 900 600
xy

p
x y

γ
θ

ε ε
− − −

= = = ° −
− − −

°  

When 7.821pθ = °  

 ( ) ( ) ( )

2 2

2 2

2

cos sin sin cos

900 cos 600 sin 420 sin cos

928.845 m/m

n x y xy

p p p

p

ε ε θ ε θ γ θ θ

pθ θ θ

µ ε

= + +

= − + + −

= − =

θ  

 1 2 628.845 m/mp x y pε ε ε ε µ= + − =  

 max 1 2 1557.690 radp p pγ γ ε ε µ= = − =  

 1 629 m/mpε µ= +   ...........................Ans. 82.18°

 2 929 m/mpε µ= −   .............................Ans. 7.82°

 3 0 m/mpε µ= ......................................................................................................................... Ans. 

 max 1558 radpγ γ= = µ .......................................................................................................... Ans. 
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3-31*  
The given values are 

 750 in./in.xε µ=  1000 in./in.yε µ= −  360 radxyγ µ=  

 
( )

( ) ( )
1 1 3601 1tan tan 5.812 , 84.188

2 2 750 1000
xy

p
x y

γ
θ

ε ε
− −= = = ° −

− − −
°  

When 5.812pθ = °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin sin cos

750 cos 1000 sin 360 sin cos

768.322 in./in.

n x y xy

p p

p

ε ε θ ε θ γ θ θ

p pθ θ θ

µ ε

= + +

= + − +

= =

θ  

 2 1 1018.322 in./in.p x y pε ε ε ε µ= + − = −  

 max 1 2 1786.64 radp p pγ γ ε ε µ= = − =  

 1 768 in./in.pε µ= +   ................... Ans. 5.81°

 2 1018 in./in.pε µ= −   .............. Ans. 84.19°

 3 0 in./in.pε µ= ....................................................................................................................... Ans. 

 max 1787 radpγ γ= = µ .......................................................................................................... Ans. 
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3-32  
The given values are 

 750 m/mxε µ= −  410 m/myε µ=  250 radxyγ µ= −  

 
( )

( ) ( )
1 1 2501 1tan tan 6.081 , 83.919

2 2 750 410
xy

p
x y

γ
θ

ε ε
− − −

= = = ° −
− − −

°  

When 6.081pθ = °  

 ( ) ( ) ( )

2 2

2 2

2

cos sin sin cos

750 cos 410 sin 250 sin cos

763.317 m/m

n x y xy

p p p

p

ε ε θ ε θ γ θ θ

pθ θ θ

µ ε

= + +

= − + + −

= − =

θ  

 1 2 423.317 m/mp x y pε ε ε ε µ= + − =  

 max 1 2 1186.634 radp p pγ γ ε ε µ= = − =  

 1 423 m/mpε µ= +   ................... Ans. 83.92°

 2 763 m/mpε µ= −   ..................... Ans. 6.08°

 3 0 m/mpε µ= ......................................................................................................................... Ans. 

 max 1187 radpγ γ= = µ .......................................................................................................... Ans. 
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3-33* 
The given values are 

 720 in./in.xε µ=  520 in./in.yε µ=  480 radxyγ µ=  

 
( )

( ) ( )
1 1 4801 1tan tan 33.690 , 56.310

2 2 720 520
xy

p
x y

γ
θ

ε ε
− −= = = ° −

− −
°  

When 33.690pθ = °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin sin cos

720 cos 520 sin 480 sin cos

880 in./in.

n x y xy

p p p

p

ε ε θ ε θ γ θ θ

pθ θ θ

µ ε

= + +

= + +

= =

θ  

 2 1 360 in./in.p x y pε ε ε ε µ= + − =  

 1 2 520 radp p pγ ε ε µ= − =  

 max max min 880 0 880 radγ ε ε µ= − = − =  

 1 880 in./in.pε µ= +   .....................Ans. 33.69°

 2 360 in./in.pε µ= +   .....................Ans. 56.31°

 3 0 in./in.pε µ= ....................................................................................................................... Ans. 

 520 radpγ µ= ........................................................................................................................ Ans. 

 max 880 rad (out-of-plane)γ µ= .......................................................................................... Ans. 
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3-34*  
The given values are 

 540 m/mxε µ= −  980 m/myε µ= −  560 radxyγ µ=  

 
( )

( ) ( )
1 1 5601 1tan tan 25.921 , 64.079

2 2 540 980
xy

p
x y

γ
θ

ε ε
− −= = = ° −

− − − −
°  

When 25.921pθ = °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin sin cos

540 cos 980 sin 560 sin cos

403.910 m/m

n x y xy

p p p

p

ε ε θ ε θ γ θ θ

pθ θ θ

µ ε

= + +

= − + − +

= − =

θ  

 2 1 1116.090 m/mp x y pε ε ε ε µ= + − = −  

 1 2 712.180 radp p pγ ε ε µ= − =  

 1 404 m/mpε µ= −   ...........................Ans. 25.92°

 2 1116 m/mpε µ= −   ........................Ans. 64.08°

 3 0 m/mpε µ= ......................................................Ans. 

 712 radpγ µ= .....................................................Ans. 

 ..................................... Ans. ( )max max min 0 1116 1116 rad (out-of-plane)γ ε ε µ= − = − − =
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3-35  
The given values are 

 864 in./in.xε µ=  432 in./in.yε µ=  288 radxyγ µ=  

 
( )

( ) ( )
1 1 2881 1tan tan 16.845 , 73.155

2 2 864 432
xy

p
x y

γ
θ

ε ε
− −= = = ° −

− −
°  

When 16.845pθ = °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin sin cos

864 cos 432 sin 288 sin cos

907.600 in./in.

n x y xy

p p p

p

ε ε θ ε θ γ θ θ

pθ θ θ

µ ε

= + +

= + +

= =

θ  

 2 1 388.400 in./in.p x y pε ε ε ε µ= + − =  

 1 2 519.200 radp p pγ ε ε µ= − =  

 1 908 in./in.pε µ= +   16.85 .....................Ans. °

 2 388 in./in.pε µ= +   .....................Ans. 73.15°

 3 0 in./in.pε µ= ................................................Ans. 

 519 radpγ µ= .................................................Ans. 

 max max min 908 0 908 rad (out-of-plane)γ ε ε µ= − = − = ................................................ Ans. 
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3-36*  
The given values are 

 900 m/mxε µ=  650 m/myε µ=  300 radxyγ µ=  

 
( )

( ) ( )
1 1 3001 1tan tan 25.097 , 64.903

2 2 900 650
xy

p
x y

γ
θ

ε ε
− −= = = ° −

− −
°  

When 25.097pθ = °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin sin cos

900 cos 650 sin 300 sin cos

970.256 m/m

n x y xy

p p p

p

ε ε θ ε θ γ θ θ

pθ θ θ

µ ε

= + +

= + +

= =

θ  

 2 1 579.744 m/mp x y pε ε ε ε µ= + − =  

 1 2 390.512 radp p pγ ε ε µ= − =  

 1 970 m/mpε µ= +   ..................... Ans. 25.10°

 2 580 m/mpε µ= +   ..................... Ans. 64.90°

 3 0 m/mpε µ= ................................................ Ans. 

 391 radpγ µ= ............................................... Ans. 

 max max min 970 0 970 rad (out-of-plane)γ ε ε µ= − = − = ................................................ Ans. 
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3-37  
The given values are 

 325 in./in.xε µ= −  625 in./in.yε µ= −  680 radxyγ µ=  

 
( )

( ) ( )
1 1 6801 1tan tan 33.097 , 56.903

2 2 325 625
xy

p
x y

γ
θ

ε ε
− −= = = ° −

− − − −
°  

When 33.097pθ = °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin sin cos

325 cos 625 sin 680 sin cos

103.382 in./in.

n x y xy

p p p

p

ε ε θ ε θ γ θ θ

pθ θ θ

µ ε

= + +

= − + − +

= − =

θ  

 2 1 846.618 in./in.p x y pε ε ε ε µ= + − = −  

 1 2 743.236 radp p pγ ε ε µ= − =  

 1 103.4 in./in.pε µ= −   ........................ Ans. 33.10°

 2 847 in./in.pε µ= −   ............................ Ans. 56.90°

 3 0 in./in.pε µ= ....................................................... Ans. 

 743 radpγ µ= ........................................................ Ans. 

 ......................................... Ans. ( )max max min 0 847 847 rad (out-of-plane)γ ε ε µ= − = − − =
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3-38  
The given values are 

 900 m/mxε µ= −  650 m/myε µ= −  600 radxyγ µ= −  

 
( )

( ) ( )
1 1 6001 1tan tan 33.690 , 56.310

2 2 900 650
xy

p
x y

γ
θ

ε ε
− − −

= = = ° −
− − − −

°  

When 33.690pθ = °  

 ( ) ( ) ( )

2 2

2 2

2

cos sin sin cos

900 cos 650 sin 600 sin cos

1100 m/m

n x y xy

p p p

p

ε ε θ ε θ γ θ θ

pθ θ θ

µ ε

= + +

= − + − + −

= − =

θ  

 1 2 450 m/mp x y pε ε ε ε µ= + − = −  

 1 2 650 radp p pγ ε ε µ= − =  

 1 450 m/mpε µ= −   .............................. Ans. 56.31°

 2 1100 m/mpε µ= −   ........................... Ans. 33.69°

 3 0 m/mpε µ= ......................................................... Ans. 

 650 radpγ µ= ........................................................................................................................ Ans. 

 ..................................... Ans. ( )max max min 0 1100 1100 rad (out-of-plane)γ ε ε µ= − = − − =
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3-39*  
The given values are 

 480 in./in.xε µ=  1200 in./in.yε µ= −  2 1400 in./in.pε µ= −  

 1 2 680 in./in.p x y pε ε ε ε µ= + − = +  

 
( ) ( ) 2 2480 1200 480 1200

680
2 2

xyγ+ − − −   
= + +   

   2
 

 1226.377 rad 1226 radxyγ µ= ± ≅ ± µ .............................................................................. Ans. 

 
( )

( ) ( )
1 1 1226.3771 1tan tan 18.064 , 71.936

2 2 480 1200
xy

p
x y

γ
θ

ε ε
− − ±

= = = ± °
− − −

m °  

 max 1 2 2080 radp p pγ γ ε ε µ= = − =  

Using 18.064pθ = + °  

 1 680 in./in.pε µ= +   18.06 .........................Ans. °

 2 1400 in./in.pε µ= −   ......................Ans. 71.94°

 3 0 in./in.pε µ= ....................................................Ans. 

 max 2080 radpγ γ= = µ ......................................Ans. 
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3-40*  
The given values are 

 300 m/mxε µ=  800 m/myε µ= −  1 1500 m/mpε µ=  

 2 2000 m/mpε µ= − ............................................... Ans. 

 
( ) ( ) 2 2300 800 300 800

1500
2 2

xyγ+ − − −   
= + +   

  
 

2

 3322.650 rad 3320 radxyγ µ= ± ≅ ± µ .............. Ans. 

 

 

( )
( ) ( )

1 1 3322.6501 1tan tan
2 2 300 800

35.841 , 54.159

xy
p

x y

γ
θ

ε ε
− − ±

= =
− −

= ± ° °m

−  

 max 1 2 3500 radp p pγ γ ε ε µ= = − =  

 3 0 m/mpε µ= ......................................................... Ans. 

 max 3500 radpγ γ= = µ ......................................... Ans. 
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3-41  
The given values are 

 800 in./in.xε µ=  1 1280 in./in.pε µ=  max 2400 radγ µ=  

Assuming that max pγ γ=  gives 

  ( )max 21280 2400p pγ γ ε= = − =

 2 1120 in./in.pε µ= −  

Then ( ) ( ) ( )1 2 1280 1120 800y p p xε ε ε ε= + − = + − −  

 640 in./in.yε µ= − ..........................................Ans. 

 
( ) ( ) 2 2800 640 800 640

1280
2 2

xyγ+ − − −   
= + +   

  
 

2

 1920.00 rad 1920 radxyγ µ= ± ≅ ± µ ..........Ans. 

 
( )

( ) ( )
1 1 19201 1tan tan 26.565 , 63.435

2 2 800 640
xy

p
x y

γ
θ

ε ε
− − ±

= = = ± °
− − −

m °  

Using 26.565pθ = + °  

 2 1120 in./in.pε µ= −   ......................................................................................... Ans. 71.94°

 3 0 in./in.pε µ= ....................................................................................................................... Ans. 
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3-42  
The given values are 

 450 m/mxε µ= −  2 780 m/mpε µ= −  max 960 radγ µ=  

Assuming that max pγ γ=  gives 

  ( )max 1 780 960p pγ γ ε= = − − =

 1 180.00 m/mpε µ=  

Then ( ) ( ) ( )1 2 180 780 450y p p xε ε ε ε= + − = + − − −  

 150.0 m/myε µ= − ............................................... Ans. 

 
( ) ( ) ( ) ( ) 2 2450 150 450 150

180
2 2

xyγ− + − − − −   
= +   

  
 

2
+

 911.921 rad 912 radxyγ µ= ± ≅ ± µ .................... Ans. 

 
( )

( ) ( )
1 1 911.9211 1tan tan 35.895 , 54.105

2 2 450 150
xy

p
x y

γ
θ

ε ε
− − ±

= = = ° ±
− − − −

m °  

Using 35.895pθ = − °  

 1 180.0 m/mpε µ= +   .......................................................................................... Ans. 54.10°

 3 0 m/mpε µ= ......................................................................................................................... Ans. 
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3-43*  
The given values are 

 1800 radxyγ µ= −  1 225 in./in.pε µ=  30pθ = − °  

 ( ) ( )1800
tan 2 30

x yε ε
−

− ° =
−

 

 1039.230 in./in.x yε ε µ− =  

 
( ) 2 21039.230 1800225

2 2 2
x yε ε+   − = + +   

  
 

 1628.461 in./in.x yε ε µ+ = −  

 294.615 in./in. 295 in./in.xε µ µ= − ≅ − ........... Ans. 

 1333.845 in./in. 1334 in./in.yε µ= − ≅ − µ ...................................................................... Ans. 

 2 1 1853.461 in./in. 1853 in./in.p x y pε ε ε ε µ µ= + − = − ≅ −  

 2 1853 in./in.pε µ= −   ............................................................................................... Ans. 60°

 3 0 in./in.pε µ= ....................................................................................................................... Ans. 

 max 1 2 2078 radp p pγ γ ε ε µ= = − = .................................................................................... Ans. 
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3-44  
The given values are 

 840 radxyγ µ=  1 1100 m/mpε µ=  20pθ = °  

 ( ) ( )840
tan 2 20

x yε ε
° =

−
 

 1001.073 m/mx yε ε µ− =  

 
( ) 2 21001.073 8401100

2 2
x yε ε+    = + +   

   2
 

 893.192 m/mx yε ε µ+ =  

 947.133 m/m 947 m/mxε µ µ= + ≅ .................................................................................. Ans. 

 53.940 m/m 53.9 m/myε µ= − ≅ − µ ................................................................................ Ans. 

 3 0 m/mpε µ= ......................................................................................................................... Ans. 

 2 1 206.808 m/m 207 m/mp x y pε ε ε ε µ µ= + − = − ≅ −  

 2 207 m/mpε µ= −   .................................................................................................... Ans. 70°

 max 1 2 1306.808 rad 1307 radp p pγ γ ε ε µ µ= = − = ≅ .................................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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3-45  
The given values are 

 750 in./in.yε µ= −  750 radxyγ µ= −  2 1500 in./in.pε µ= −  

 
( ) ( ) 2 2750 750 7501500
2 2

x xε ε+ − − −  − − = + +   
   2

 

 1312.500 in./in. 1313 in./in.xε µ= − ≅ − µ ...................................................................... Ans. 

 
( )

( ) ( )
1 1 7501 1tan tan 26.565 , 63.435

2 2 1312.5 750
xy

p
x y

γ
θ

ε ε
− − −

= = = ° −
− − − −

°  

 1 2 562.500 in./in.p x y pε ε ε ε µ= + − = −  

 1 2 937.500 radp p pγ ε ε µ= − =  

  ( ) ( )max max min 0 1500 1500 radγ ε ε µ= − = − − =

 1 563 in./in.pε µ= −   .......................... Ans. 63.43°

 3 0 in./in.pε µ= ..................................................... Ans. 

 937 radpγ µ= ........................................................................................................................ Ans. 

 max 1500 rad (out-of-plane)γ µ= ........................................................................................ Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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3-46*  
The given values are 

 750 m/myε µ=  750 radxyγ µ= −  1 1000 m/mpε µ=  

 

 
( ) ( ) 2 2750 750 7501000
2 2

x xε ε+ −  − = + +   
   2

 

 437.50 m/m 437 m/mxε µ= ≅ + µ .................... Ans. 

 
( )

( ) ( )
1 1 7501 1tan tan

2 2 437.5 750
xy

p
x y

γ
θ

ε ε
− − −

= =
− −

 

 33.690 , 56.310pθ = ° − ° ................................Ans. 

 

 2 1 187.50 m/mp x y pε ε ε ε µ= + − =  

 2 187.5 m/mpε µ≅ + ...........................................Ans. 

 1 2 813 radp p pγ ε ε µ= − = ................................................................................................... Ans. 

 max max min 1000 0 1000 rad (out-of-plane)γ ε ε µ= − = − = ............................................ Ans. 

 3 0 m/mpε µ= ......................................................................................................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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3-47*  
The given values for use in  
drawing Mohr’s circle are 

 1 400 in./in.pε µ=  

 2 600 in./in.pε µ= −  

 18.43
2p
φθ = = °  

 

 
( )400 600

100 in./in.
2

a µ
+ −

= = −  

 
( )400 600

500 in./in.
2

R µ
− −

= =  

 

 100 500cos36.86 300 in./in.xε µ= − + ° = + ......... Ans. 

 100 500cos36.86 500 in./in.yε µ= − − ° = − ........ Ans. 

  ( )2 500sin 36.86 600 rad (CCW)xyγ µ= ° =

 600 radxyγ µ= + .......................................................... Ans. 

 max 2 1000 radp Rγ γ= = = µ ............................................................................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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3-48*  
The given values for use in  
drawing Mohr’s circle are 

 1 945 m/mpε µ=  

 2 785 m/mpε µ= −  

 16.85
2p
φθ = = °  

 

 
( )945 785

80 m/m
2

a µ
+ −

= =  

 
( )945 785

865 m/m
2

R µ
− −

= =  

 80 865cos33.70 800 m/mxε µ= + ° = + ................ Ans. 

 80 865cos33.70 640 m/myε µ= − ° = − ................ Ans. 

  ( )2 865sin 33.70 960 rad (CCW)xyγ µ= ° =

 960 radxyγ µ= + .......................................................... Ans. 

 max 2 1730 radp Rγ γ= = = µ ............................................................................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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3-49  
The given values for use in  
drawing Mohr’s circle are 

 1 708 in./in.pε µ=  

 2 104 in./in.pε µ= −  

 34.10
2p
φθ = = − °  

 

 
( )708 104

302 in./in.
2

a µ
+ −

= =  

 
( )708 104

406 in./in.
2

R µ
− −

= =  

 302 406cos68.20 453 in./in.xε µ= + ° = + ........... Ans. 

 302 406cos 68.20 151.2 in./in.yε µ= − ° = + ........ Ans. 

  ( )2 406sin 68.20 754 rad (CW)xyγ µ= ° =

 754 radxyγ µ= − .......................................................... Ans. 

 max 2 812 radp Rγ γ= = = µ ................................................................................................. Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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3-50  
The given values for use in  
drawing Mohr’s circle are 

 1 114 m/mpε µ= −  

 2 903 m/mpε µ= −  

 19.26
2p
φθ = = °  

 

 
( ) ( )114 903

508.5 m/m
2

a µ
− + −

= = −  

 
( ) ( )114 903

394.5 m/m
2

R µ
− − −

= =  

 508.5 394.5cos38.52 199.8 m/mxε µ= − + ° = − Ans. 

 508.5 394.5cos38.52 817 m/myε µ= − − ° = − .... Ans. 

  ( )2 394.5sin 38.52 491 rad (CCW)xyγ µ= ° =

 491 radxyγ µ= + ........................................................... Ans. 

 2 789 radp Rγ µ= = .............................................................................................................. Ans. 

 ...................................... Ans. ( ) ( )max max min 0 903 903 rad (out-of-plane)γ ε ε µ= − = − − =

 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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3-51*  
The given values for use in  
drawing Mohr’s circle are 

 950 in./in.xε µ=  

 225 in./in.yε µ= −  

 275 radxyγ µ= −  

 
( )950 225

362.5 in./in.
2

a µ
+ −

= =  

 ( ) ( )2 2587.5 137.5 603.38 in./in.R µ= + =  

 1
1

1 137.5tan 6.59  (CW)
2 2 587.5p
φθ −= = = °  

 1 362.5 603.38 965.88 in./in.pε µ= + = +  

 1 966 in./in.pε µ≅ +   ............................ Ans. 6.59°

 2 362.5 603.38 240.88 in./in.pε µ= − = −  

 2 241 in./in.pε µ≅ −   ............................................................................................ Ans. 83.41°

 max 2 1207 radp Rγ γ= = = µ ............................................................................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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3-52*  
The given values for use in  
drawing Mohr’s circle are 

 900 m/mxε µ=  

 333 m/myε µ= −  

 982 radxyγ µ=  

 
( )900 333

283.5 m/m
2

a µ
+ −

= =  

 ( ) ( )2 2616.5 491 788.133 m/mR µ= + =  

 1
1

1 491tan 19.267  (CCW)
2 2 616.5p
φθ −= = = °  

 1 283.5 788.133 1071.633 m/mpε µ= + = +  

 1 1072 m/mpε µ≅ +   19.27 .......................... Ans. °

 2 283.5 788.133 504.633 m/mpε µ= − = −  

 2 505 m/mpε µ≅ −   .............................................................................................. Ans. 70.73°

 max 2 1576 radp Rγ γ= = = µ ............................................................................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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3-53  
The given values for use in  
drawing Mohr’s circle are 

 750 in./in.xε µ=  

 390 in./in.yε µ=  

 900 radxyγ µ= −  

 
750 390 570 in./in.

2
a µ+
= =  

 ( ) ( )2 2180 450 484.66 in./in.R µ= + =  

 1
1

1 450tan 34.100  (CW)
2 2 180p
φθ −= = = °  

 1 570 484.66 1054.66 in./in.pε µ= + = +  

 1 1055 in./in.pε µ≅ +   ..............Ans. 34.10°

 2 570 484.66 85.34 in./in.pε µ= − = +  

 2 85.3 in./in.pε µ≅ +   ..............Ans. 55.90°

 2 969 radp Rγ µ= = .............................................................................................................. Ans. 

 max max min 1055 0 1055 rad (out-of-plane)γ ε ε µ= − = − = ............................................ Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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3-54  
The given values for use in  
drawing Mohr’s circle are 

 600 m/mxε µ=  

 480 m/myε µ=  

 480 radxyγ µ=  

 
600 480 540 m/m

2
a µ+
= =  

 ( ) ( )2 260 240 247.386 m/mR µ= + =  

 1
1

1 240tan 37.982  (CCW)
2 2 60p
φθ −= = = °  

 1 540 247.386 787.386 m/mpε µ= + = +  

 1 787 m/mpε µ≅ +   ..................Ans. 37.98°

 2 540 247.386 292.614 m/mpε µ= − = +  

 2 293 m/mpε µ≅ +   ..................Ans. 52.02°

 2 495 radp Rγ µ= = .............................................................................................................. Ans. 

 max max min 787 0 787 rad (out-of-plane)γ ε ε µ= − = − = ............................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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3-55*  
The given values for use in  
drawing Mohr’s circle are 

 680 in./in.xε µ= −  

 320 in./in.yε µ=  

 1 414 in./in.pε µ=  

 
( ) ( )680 320

180 in./in.
2

a µ
− +

= = −  

 414 180 594 in./in.R µ= + =  

 11 500cos 16.34
2 2 594p
φθ −= = = °  

  ( )2 594 sin 32.68xyγ = °

 641 radxyγ µ= ± ..................................................Ans. 

  ( )2 180 594pε = − −

 2 774 in./in.pε µ= − ............................................Ans. 

 3 0 in./in.pε µ= ....................................................Ans. 

 max 2 1188 radp Rγ γ= = = µ ............................................................................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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3-56*  
The given values for use in  
drawing Mohr’s circle are 

 450 m/mxε µ=  

 150 m/myε µ=  

 1 780 m/mpε µ=  

 
( ) ( )450 150

2
300 m/m

a

µ

+
=

=
 

 780 300 480 m/mR µ= − =  

 11 150cos 35.895
2 2 480p
φθ −= = = °  

  ( )2 480 sin 71.790xyγ = °

 912 radxyγ µ= ± ..................................................Ans. 

 ................Ans. ( ) ( )2 300 480 180 m/mpε µ= − = −

 3 0 m/mpε µ= ......................................................Ans. 

 max 2 960 radp Rγ γ= = = µ ................................................................................................. Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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3-57  
The given values for use in  
drawing Mohr’s circle are 

 360 in./in.xε µ=  

 750 in./in.yε µ=  

 2 120 in./in.pε µ=  

 
( ) ( )360 750

2
555 in./in.

a

µ

+
=

=
 

 555 120 435 in./in.R µ= − =  

 11 195cos 31.683
2 2 435p
φθ −= = = °  

  ( )2 435 sin 63.367xyγ = °

 778 radxyγ µ= ± ..................................................Ans. 

 1 555 435 990 in./in.pε µ= + = + ......................Ans. 

 3 0 in./in.pε µ= ....................................................Ans. 

 2 870 radp Rγ µ= = ...........................................Ans. 

 max max min 990 0 990 rad (out-of-plane)γ ε ε µ= − = − = ................................................ Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
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3-58  
The given values for use in  
drawing Mohr’s circle are 

 300 m/mxε µ= −  

 600 m/myε µ=  

 2 450 m/mpε µ= −  

 
( ) ( )300 600

2
150 m/m

a

µ

− +
=

=
 

 150 450 600 m/mR µ= + =  

 11 450cos 20.705
2 2 600p
φθ −= = = °  

  ( )2 600 sin 41.410xyγ = °

 794 radxyγ µ= ± ..................................................Ans. 

 .................Ans. ( ) ( )1 150 600 750 m/mpε µ= + = +

 3 0 m/mpε µ= ......................................................Ans. 

 max 2 1200 radp Rγ γ= = = µ ............................Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

3-59*  
(a) The given values are 750 in./in.a xε ε µ= =  45 125 in./in.bε ε µ°= = −  

 250 in./in.c yε ε µ= = −  0.30ν =  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( ) ( )2 2750 cos 45 250 sin 45 sin 45 cos 45 125b xyε γ= ° + − ° + ° ° =  

Therefore: 750 in./in.xε µ= + .............. 250 in./in.yε µ= − .................................. Ans. 

 750 radxyγ µ= − ........................................................................................ Ans. 

(b) 
( )

( ) ( )
1 1 7501 1tan tan 18.435 , 71.565

2 2 750 250
xy

p
x y

γ
θ

ε ε
− − −

= = = − °
− − −

°  

When 71.565pθ = °  

 ( ) ( ) ( )

2 2

2 2

2

cos sin sin cos

750 cos 250 sin 750 sin cos

375 in./in.

n x y xy

p p p

p

ε ε θ ε θ γ θ θ

pθ θ θ

µ ε

= + +

= + − + −

= − =

θ  

 1 2 875 in./in.p x y pε ε ε ε µ= + − =  

 ( ) ( ) ( )3
0.30 750 250 214 in./in.

1 1 0.30p z x y
νε ε ε ε µ
ν

− −
= = + = + − = −  − −

 

 1 875 in./in.pε µ= +   18.43 ............................................................................................ Ans. °

 2 375 in./in.pε µ= −   ............................................................................................ Ans. 71.57°

 3 214 in./in.pε µ= − ............................................................................................................... Ans. 

 max 1 2 1250 radp p pγ γ ε ε µ= = − = ..................................................................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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3-60*  
(a) The given values are 555 m/ma xε ε µ= = −  120 925 m/mbε ε µ°= =  

 240 740 m/mcε ε µ°= =  0.30ν =  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( )2 2555 cos 120 sin 120 sin 120 cos 120 925b y xyε ε γ= − ° + ° + ° ° =  

 ( ) ( ) ( ) ( ) ( )2 2555 cos 240 sin 240 sin 240 cos 240 740c y xyε ε γ= − ° + ° + ° ° =  

 0.75000 0.43301 1063.750y xyε γ− =  

 0.75000 0.43301 878.750y xyε γ+ =  

Therefore: 555 m/mxε µ= − ....................................................................................... Ans. 

 1295.00 m/m 1295 m/myε µ= = + µ ................................................................................ Ans. 

 213.620 rad 214 radxyγ µ= − ≅ − µ ................................................................................... Ans. 

(b) 
( )

( ) ( )
1 1 213.6201 1tan tan 3.293 , 86.707

2 2 555 1295
xy

p
x y

γ
θ

ε ε
− − −

= = = ° −
− − −

°  

When 3.293pθ = °  

 
( ) ( ) ( )2 2

2

555 cos 1295 sin 213.620 sin cos

561.146 m/m
n p p

p

p pε θ θ θ

µ ε

= − + + −

= − =

θ
 

 1 2 1301.146 m/mp x y pε ε ε ε µ= + − =  

 ( ) ( ) ( )3
0.30 555 1295 317 m/m

1 1 0.30p z x y
νε ε ε ε µ
ν

− −
= = + = − + = −  − −

 

 1 1301 m/mpε µ= +   ............................................................................................ Ans. 86.71°

 2 561 m/mpε µ= −   ................................................................................................ Ans. 3.29°

 3 317 m/mpε µ= − ................................................................................................................. Ans. 

 max 1 2 1862 radp p pγ γ ε ε µ= = − = ..................................................................................... Ans. 
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3-61  
(a) The given values are 800 in./in.a xε ε µ= =  600 in./in.c yε ε µ= =  

 950 in./in.b nε ε µ= =  1 3tan 36.870
4bθ

−= = °  0.33ν =  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

  ( ) ( )2 2800 cos 600 sin sin cos 950b b b xy b bε θ θ γ θ θ= + + =

Therefore: 800 in./in.xε µ= + .............. 600 in./in.yε µ= ..................................... Ans. 

 462.500 rad 463 radxyγ µ= ≅ µ ............................................................ Ans. 

(b) 
( )

( ) ( )
1 1 462.51 1tan tan 33.307 , 56.693

2 2 800 600
xy

p
x y

γ
θ

ε ε
− −= = = ° −

− −
°  

When 33.307pθ = °  

 
( ) ( ) ( )2 2

1

800 cos 600 sin 462.5 sin cos

951.946 in./in.
n p p p

p

pε θ θ θ

µ ε

= + +

= =

θ
 

 2 1 448.054 in./in.p x y pε ε ε ε µ= + − =  

 ( ) ( ) ( )3
0.33 800 600 689.55 in./in.

1 1 0.33p z x y
νε ε ε ε µ
ν

− −
= = + = + = −  − −

 

 1 952 in./in.pε µ= +   ............................................................................................ Ans. 33.31°

 2 448 in./in.pε µ= +   ............................................................................................ Ans. 56.69°

 3 690 in./in.pε µ= − ............................................................................................................... Ans. 

 1 2 504 radp p pγ ε ε µ= − = ................................................................................................... Ans. 

 max 1 3 1641 rad (out-of-plane)p pγ ε ε µ= − = ................................................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
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3-62*  
(a) The given values are 780 m/ma xε ε µ= =  120 345 m/mbε ε µ°= =  

 60 332 m/mcε ε µ°= = −  0.33ν =  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( )2 2780 cos 120 sin 120 sin 120 cos 120 345b y xyε ε γ= ° + ° + ° ° =  

 ( ) ( ) ( ) ( ) ( )2 2780 cos 60 sin 60 sin 60 cos 60 332c y xyε ε γ= ° + ° + ° ° = −  

 0.75000 0.43301 150y xyε γ− =  

 0.75000 0.43301 527y xyε γ+ = −  

Therefore: 780 m/mxε µ= + ....................................................................................... Ans. 

 251.333 m/m 251 m/myε µ= − ≅ − µ ................................................................................ Ans. 

 781.732 rad 782 radxyγ µ= − ≅ − µ ................................................................................... Ans. 

 

(b) 
( )

( ) ( )
1 1 781.7321 1tan tan 18.581 , 71.419

2 2 780 251.333
xy

p
x y

γ
θ

ε ε
− − −

= = = − °
− − −

°  

When 18.581pθ = − °  

 
( ) ( ) ( )2 2

1

780 cos 251.333 sin 781.732 sin cos

911.395 m/m
n p p p

p

pε θ θ

µ ε

= + − + −

= =

θ θ
 

 2 1 382.728 m/mp x y pε ε ε ε µ= + − = −  

 ( ) ( ) ( )3
0.33 780 251.333 260.388 m/m

1 1 0.33p z x y
νε ε ε ε µ
ν

− −
= = + = + − = −  − −

 

 1 911 m/mpε µ= +   18.58 ............................................................................................... Ans. °

 2 383 m/mpε µ= −   .............................................................................................. Ans. 71.42°

 3 260 m/mpε µ= − ................................................................................................................. Ans. 

 max 1 2 1294 radp p pγ γ ε ε µ= = − = ..................................................................................... Ans. 
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3-63*  
 The given values are 36 in./in.a xε ε µ= =  45 310 in./in.bε ε µ°= =  

 150 in./in.c yε ε µ= =  0.30ν =  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( ) ( )2 236 cos 45 150 sin 45 sin 45 cos 45 310b xyε γ= ° + ° + ° ° =  

 434.00 radxyγ µ=  

 
( )

( ) ( )
1 1 4341 1tan tan 37.641 , 52.359

2 2 36 150
xy

p
x y

γ
θ

ε ε
− −= = = − °

− −
°  

When 37.641pθ = − °  

 
( ) ( ) ( )2 2

2

36 cos 150 sin 434 sin cos

131.361 in./in.
n p p p

p

ε θ θ θ

µ ε

= + +

= − =
 

pθ

 1 2 317.361 in./in.p x y pε ε ε ε µ= + − =  

 
( ) ( ) ( )3

0.30 36 150
1 1 0.30

79.714 in./in.

p z x y
νε ε ε ε
ν
µ

− −
= = + = +  − −
= −

 

 1 317 in./in.pε µ= +   ................................Ans. 52.36°

 2 131.4 in./in.pε µ= −   ............................Ans. 37.64°

 3 79.7 in./in.pε µ= − .............................................................................................................. Ans. 

 max 1 2 449 radp p pγ γ ε ε µ= = − = ....................................................................................... Ans. 
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3-64  
 The given values are 525 m/ma xε ε µ= =  45 450 m/mbε ε µ°= =  

 135 1425 m/mcε ε µ°= =  0.30ν =  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( )2 2525 cos 45 sin 45 sin 45 cos 45 450b y xyε ε γ= ° + ° + ° ° =  

 ( ) ( ) ( ) ( ) ( )2 2525 cos 135 sin 135 sin 135 cos 135 1425c y xyε ε γ= ° + ° + ° ° =  

 0.5000 0.5000 187.5y xyε γ+ =  

 0.5000 0.5000 1162.5y xyε γ− =  

 1350 m/myε µ=  975 radxyγ µ= −  

 

( )
( ) ( )

1 1 9751 1tan tan
2 2 525 1350

24.882 , 65.118

xy
p

x y

γ
θ

ε ε
− − −

= =
− −

= ° − °

 

When 24.882pθ = °  

 
( ) ( ) ( )2 2

2

525 cos 1350 sin 975 sin cos

298.898 m/m
n p p p

p

pε θ θ θ

µ ε

= + + −

= =

θ
 

 1 2 1576.102 m/mp x y pε ε ε ε µ= + − =  

 ( ) ( ) ( )3
0.30 525 1350 803.571 m/m

1 1 0.30p z x y
νε ε ε ε µ
ν

− −
= = + = + = −  − −

 

 1 1576 m/mpε µ= +   ............................................................................................ Ans. 65.12°

 2 299 m/mpε µ= +   .............................................................................................. Ans. 24.88°

 3 804 m/mpε µ= − ................................................................................................................. Ans. 

 1 2 1277 radp p pγ ε ε µ= − = ................................................................................................. Ans. 

 max 1 3 2380 radp pγ ε ε µ= − = .............................................................................................. Ans. 
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3-65*  
(a) The given values are 875 in./in.a xε ε µ= =  350 in./in.c yε ε µ= =  

 700 in./in.b nε ε µ= =  1 4tan 53.130
3bθ

−= = °  0.30ν =  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

  ( ) ( )2 2875 cos 350 sin sin cos 700b b b xy b bε θ θ γ θ θ= + + =

 335.417 radxyγ µ=  

 
( )

( ) ( )
1 1 335.4171 1tan tan 16.287 , 73.713

2 2 875 350
xy

p
x y

γ
θ

ε ε
− −= = = ° −

− −
°  

When 16.287pθ = °  

 
( ) ( ) ( )2 2

1

875 cos 350 sin 335.417 sin cos

924.00 in./in.
n p p p

p

pε θ θ θ

µ ε

= + +

= =

θ
 

 2 1 301.00 in./in.p x y pε ε ε ε µ= + − =  

 

( )

( ) ( )

3 1
0.30 875 350

1 0.30
525.00 in./in.

p z x y
νε ε ε ε
ν

µ

−
= = +

−
−

= +  −
= −

 

 1 924 in./in.pε µ= +   16.29 .....................Ans. °

 2 301 in./in.pε µ= +   .....................Ans. 73.71°

 3 525 in./in.pε µ= − .........................................Ans. 

 1 2 623 radp p pγ ε ε µ= − = ................................................................................................... Ans. 

 max 1 3 1449 rad (out-of-plane)p pγ ε ε µ= − = ................................................................... Ans. 

(b) ( ) ( ) ( ) ( ) ( ) ( ) (2 2875 cos 120 350 sin 120 335.417 sin 120 cos 120nε = ° + ° + ° )°  

 336 in./in.nε µ= + ................................................................................................................. Ans. 
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3-66  
(a) The given values are 875 m/ma xε ε µ= =  120 700 m/mbε ε µ°= =  

 60 650 m/mcε ε µ°= = −  0.33ν =  

 

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( )2 2875 cos 120 sin 120 sin 120 cos 120 700b y xyε ε γ= ° + ° + ° ° =  

 ( ) ( ) ( ) ( ) ( )2 2875 cos 60 sin 60 sin 60 cos 60 650c y xyε ε γ= ° + ° + ° ° = −  

 0.75000 0.43301 481.25y xyε γ− =  

 0.75000 0.43301 868.75y xyε γ+ = −  

 258.333 m/myε µ= −  

 1558.846 radxyγ µ= −  

 

 

( )
( ) ( )

1 1 1558.8461 1tan tan
2 2 875 258.333

26.991 , 63.009

xy
p

x y

γ
θ

ε ε
− − −

= =
− − −

= − ° °

 

When 26.991pθ = − °  

 
( ) ( ) ( )2 2

1

875 cos 258.333 sin 1558.846 sin cos

1271.978 m/m
n p p p

p

pε θ θ

µ ε

= + − + −

= =

θ θ
 

 2 1 655.312 m/mp x y pε ε ε ε µ= + − = −  

 ( ) ( ) ( )3
0.33 875 258.333 303.732 m/m

1 1 0.33p z x y
νε ε ε ε µ
ν

− −
= = + = + − = −  − −

 

 1 1272 m/mpε µ= +   ............................ Ans. 26.99°

 2 655 m/mpε µ= −   .............................. Ans. 63.01°

 3 304 m/mpε µ= − ................................................. Ans. 

 max 1 2 1927 radp p pγ γ ε ε µ= = − = ..................... Ans. 

(b) ( ) ( )2 22 sin cos cos sinnt x y xyγ ε ε θ θ γ θ θ= − − + +  

 ( ) ( ) ( ) ( )2 875 258.333 sin 40 cos 40= − − ° °    

 ( ) ( ) ( )2 21558.846 cos 40 sin 40 + − ° + °   

 1387 radntγ µ= − ................................................................................................................... Ans. 
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3-67*  
(a) The given values are 800 in./in.a xε ε µ= =  950 in./in.b yε ε µ= =  

 120 600 in./in.cε ε µ°= =  0.33ν =  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( ) ( )2 2800 cos 120 950 sin 120 sin 120 cos 120 600c xyε γ= ° + ° + ° ° =  

 721.688 radxyγ µ=  

 
( )

( ) ( )
1 1 721.6881 1tan tan 39.129 , 50.871

2 2 800 950
xy

p
x y

γ
θ

ε ε
− −= = = − °

− −
°  

When 39.129pθ = − °  

 
( ) ( ) ( )2 2

2

800 cos 950 sin 721.688 sin cos

506.444 in./in.
n p p p

p

pε θ θ θ

µ ε

= + +

= =

θ
 

 1 2 1243.556 in./in.p x y pε ε ε ε µ= + − =  

 
( ) ( ) ( )3

0.33 800 950
1 1 0.33

861.94 in./in.

p z x y
νε ε ε ε
ν
µ

− −
= = + = +  − −
= −

 

 1 1244 in./in.pε µ= +   ..............................Ans. 50.87°

 2 506 in./in.pε µ= +   ................................Ans. 39.13°
 

 3 862 in./in.pε µ= − ...................................................Ans. 

 1 2 737 radp p pγ ε ε µ= − = ................................................................................................... Ans. 

 max 1 3 2110 radp pγ ε ε µ= − = .............................................................................................. Ans. 

(b) ( ) ( ) ( ) ( ) ( ) ( ) (2 2800 cos 200 950 sin 200 721.688 sin 200 cos 200nε = ° + ° + ° )°  

 1049 in./in.nε µ= + ............................................................................................................... Ans. 
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3-68*  
  ( )( )6400 10 1000 0.400 mmBF BF BFLδ ε −= = =

 
80 240
b c
=  

 3 3 1.200 mmBFc b δ= = =  

 ( )62000 10  m/m
600

CE
CE

CE

c
L
δε −= = =  

 2000 m/mCEε µ= ................................................................................................................. Ans. 
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3-69*  
  ( )0.0015 15 0.02250 in.AB AB ABLδ ε= = =

 
6 2
b f
=  0.00750 in.

3 3
ABbf δ

= = =  

(a) 0.00750 in.EFf δ= =  

 ( )60.00750 937 10  in./in.
8

EF
EF

EFL
δε −= = =  

 937 in./in.EFε µ= .................................................................................................................. Ans. 

(b) 0.005 0.00750 in.EFf δ= + =  0.00250 in.EFδ =  

 ( )60.00250 313 10  in./in.
8

EF
EF

EFL
δε −= = =  

 313 in./in.EFε µ= .................................................................................................................. Ans. 
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3-70  
 

 2

2 1
A A

R
R R

φγ θ= =
−

.................................................. Ans. 

 

 1

2 1
B B

R
R R

φγ θ= =
−

.................................................. Ans. 
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3-71*  
The given values are 

 3200 in./in.xε µ=  1500 in./in.yε µ=  1000 radxyγ µ=  45nθ = °  

(a) 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( ) ( ) ( )2 23200 cos 45 1500 sin 45 1000 sin 45 cos 45nε = ° + ° + ° °  

 2850 in./in.nε µ= ................................................................................................................. Ans. 

(b) ( ) ( )2 22 sin cos cos sinnt x y xyγ ε ε θ θ γ θ θ= − − + −  

 ( ) ( ) ( ) ( ) ( ) ( ) (2 22 3200 1500 sin 45 cos 45 1000 cos 45 sin 45ntγ ) = − − ° ° + ° − °      

 1700 radntγ µ= − ................................................................................................................... Ans. 
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3-72  
The given values are 

 1500 m/mxε µ=  1250 m/myε µ= −  1000 radxyγ µ=  

 1 150tan 36.870
200BDθ −= − = − °  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( )2 21500 cos 1250 sin 1000 sin cosBD BD BD BD BDε θ θ θ= + − + θ  

 30.0 m/mBDε µ= ................................................................................................................... Ans. 
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3-73  
The given values are 

 1000 in./in.xε µ=  800 in./in.yε µ= −  800 radxyγ µ= −  

 
( )

( ) ( )
1 1 8001 1tan tan 11.981 , 78.019

2 2 1000 800
xy

p
x y

γ
θ

ε ε
− − −

= = = − °
− − −

°  

When 11.981pθ = − °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin sin cos

1000 cos 800 sin 800 sin cos

1084.886 in./in.

n x y xy

p p p

p

ε ε θ ε θ γ θ θ

pθ θ θ

µ ε

= + +

= + − + −

= =

θ  

 2 1 884.886 in./in.p x y pε ε ε ε µ= + − = −  

 max 1 2 1969.772 radp p pγ γ ε ε µ= = − =  

 1 1085 in./in.pε µ= +   11.98 ...................Ans. °

 2 885 in./in.pε µ= −   .....................Ans. 78.02°

 3 0 in./in.pε µ= ....................................................................................................................... Ans. 

 max 1970 radγ µ= ................................................................................................................... Ans. 
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3-74*  
The given values are 

 600 m/mxε µ= −  1200 m/myε µ=  2000 radxyγ µ=  

 
( )

( ) ( )
1 1 20001 1tan tan 24.006 , 65.996

2 2 600 1200
xy

p
x y

γ
θ

ε ε
− −= = = − °

− − −
°  

When 24.006pθ = − °  

 ( ) ( ) ( )

2 2

2 2

2

cos sin sin cos

600 cos 1200 sin 2000 sin cos

1045.362 m/m

n x y xy

p p p

p

ε ε θ ε θ γ θ θ

pθ θ θ

µ ε

= + +

= − + +

= − =

θ  

 1 2 1645.362 m/mp x y pε ε ε ε µ= + − =  

 max 1 2 2690.724 radp p pγ γ ε ε µ= = − =  

 1 1645 m/mpε µ= +   .......................... Ans. 65.99°

 2 1045 m/mpε µ= −   ......................... Ans. 24.01°

 3 0 m/mpε µ= ....................................................... Ans. 

 max 2690 radpγ γ= = µ ....................................... Ans. 
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3-75  
 The given values are 600 in./in.a xε ε µ= =  45 500 in./in.bε ε µ°= =  

 200 in./in.c yε ε µ= = −  0.30ν =  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( ) ( )2 2600 cos 45 200 sin 45 sin 45 cos 45 500b xyε γ= ° + − ° + ° ° =  

 600.00 radxyγ µ=  

 
( )

( ) ( )
1 1 6001 1tan tan 18.435 , 71.565

2 2 600 200
xy

p
x y

γ
θ

ε ε
− −= = = ° −

− − −
°  

When 18.435pθ = °  

 
( ) ( ) ( )2 2

1

600 cos 200 sin 600 sin cos

700.00 in./in.
n p p p

p

pε θ θ θ

µ ε

= + − +

= =

θ
 

 2 1 300.00 in./in.p x y pε ε ε ε µ= + − = −  

 1 700 in./in.pε µ= +   18.43 ............................................................................................ Ans. °

 2 300 in./in.pε µ= −   ............................................................................................ Ans. 71.57°

 ( ) ( ) ( )3
0.30 600 200 171.4 in./in.

1 1 0.30p z x y
νε ε ε ε µ
ν

− −
= = + = + − = −  − −

................ Ans. 

 max 1 2 1000 radp p pγ γ ε ε µ= = − = ..................................................................................... Ans. 
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3-76*  
The given values for use in  
drawing Mohr’s circle are 

 800 m/mxε µ= −  

 640 m/myε µ=  

 960 radxyγ µ= −  

 
( ) ( )800 640

80 m/m
2

a µ
− +

= = −  

 ( ) ( )2 2720 480 865.332 m/mR µ= + =  

 1
1

1 480tan 16.845  (CCW)
2 2 720p
φθ −= = = °  

  ( ) ( )1 80 865 785 m/mpε = − + = + µ  ................................................................ Ans. 73.15°

  ( ) ( )2 80 865 945 m/mpε = − − = − µ  16.85 ............................................................... Ans. °

 3 0 m/mpε µ=   ..................................................................................................... Ans. 73.15°

 max 2 1731 radp Rγ γ= = = µ ............................................................................................... Ans. 
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3-77  
 The given values are 800 in./in.a xε ε µ= =  120 960 in./in.bε ε µ°= =  

 240 800 in./in.cε ε µ°= =  0.33ν =  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( )2 2800 cos 120 sin 120 sin 120 cos 120 960b y xyε ε γ= ° + ° + ° ° =  

 ( ) ( ) ( ) ( ) ( )2 2800 cos 240 sin 240 sin 240 cos 240 800c y xyε ε γ= ° + ° + ° ° =  

 0.75000 0.43301 760y xyε γ− =  

 0.75000 0.43301 600y xyε γ+ =  

 906.667 in./in.yε µ=  

 184.752 radxyγ µ= −  

 
( )

( ) ( )
1 1 184.7521 1tan tan 30.00 , 60.00

2 2 800 906.667
xy

p
x y

γ
θ

ε ε
− − −

= = = ° −
− −

°  

When 30.00pθ = °  

 
( ) ( ) ( )2 2

2

800 cos 906.667 sin 184.752 sin cos

746.667 in./in.
n p p p

p

pε θ θ

µ ε

= + + −

= =

θ θ
 

 1 2 960.00 in./in.p x y pε ε ε ε µ= + − =  

3-77 (cont.) 

 ( ) ( ) ( )3
0.33 800 906.667 840.597 m/m

1 1 0.33p z x y
νε ε ε ε µ
ν

− −
= = + = + = −  − −

 

 1 960 m/mpε µ= +   ................... Ans. 60.00°

 2 747 m/mpε µ= +   ................... Ans. 30.00°

 3 841 m/mpε µ= − ....................................... Ans. 

 1 2 213 radp p pγ ε ε µ= − = ........................ Ans. 

 max 1 3 1801 radp pγ ε ε µ= − = .................... Ans. 
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4-1*  

 
( )22

21.5
1.76715 in.

4 4
dA

ππ
= = =  

53 29.9919 ksi
1.76715

F
A

σ = = =  

 
( )

0.48 0.002000 in./in.
20 12

L
L

ε ∆
= = =

×
 ( )60.001 666.667 10  in./in.

1.5t
d

d
ε −∆ −
= = =  

 
29.9919 15,000 ksi

0.002000
E σ

ε
= = = ....................................................................................... Ans. 

 
( )6666.667 10

0.333
0.002000

tεν
ε

−−−
= = =

l

.................................................................................. Ans. 

 
( ) ( )

15,000 5630 ksi
2 1 2 1 0.333

EG
ν

= = =
+ +

.......................................................................... Ans. 
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4-2*  

 
( ) ( )

22
6 20.015

176.715 10  mm
4 4
dA

ππ −= = =  

 
( )
( ) ( )

3
6 2

6

62.6 10
354.244 10  N/m 354.244 MPa

176.715 10
F
A

σ
−

= = = =  

 
0.90 0.004500 m/m
200

L
L

ε ∆
= = =  ( )30.022 1.46667 10  m/m

15t
d

d
ε −∆ −
= = = −  

 
( ) ( )

6
9 2

354.244 10
78.721 10  N/m 78.7 GPa

0.004500
E σ

ε
= = = ≅ ......................................... Ans. 

 
( )( )31.46667 10

0.326
0.004500

tεν
ε

−− −−
= = =

l

........................................................................... Ans. 

 354 MPaPLσ σ= = .............................................................................................................. Ans. 
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(a) 
( )( )

10 20.0 ksi
2 0.25

F
A

σ = = = ........................................................................................... Ans. 

(b) 
( )
20 15,000 ksi

0.08 5 12
E σ

ε
= = =

×
................................................................................. Ans. 

(c) tν ε ε= − l  

 
( )

( )
0.25 0.25

0.25
0.08 5 12
δ−

=
×

 ........................................................ Ans. 0.25 0.0000833 in.δ = −

 
( )
( )

2 2
0.25

0.08 5 12
δ−

=
×

 ............................................................. Ans. 2 0.000667 in.δ = −
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( )

( )

2 2

6 2

5.64 4 24.98 mm

24.98 10  m
oA π

−

= =

=
 

  
( )(0.30 0.115 5.64

0.19458 mm
fracD Dνε∆ = =

=

)

 
( )

( )

2

2 6

5.64 0.19458 4

23.29 mm 23.29 10  m
fA π

−

= −

= = 2
 

From the σ ε−  diagram: 

(a) 
( )( ) ( )

6
9 2

139 0 10
69.5 10  N/m 69.5 GPa

0.002 0
E σ

ε

−∆
= ≅ = =
∆ −

........................................ Ans. 

(b) 139 MPaPLσ ≅ ...................................................................................................................... Ans. 

(c) 450 MPaultσ ≅ ...................................................................................................................... Ans. 

(d) ...................................................................................................... Ans. ( )0.05% 220 MPaysσ ≅

(e) ...................................................................................................... Ans. ( )0.20% 278 MPaysσ ≅

(f) 450 MPat ultσ σ= ≅ ............................................................................................................. Ans. 

(g) 
( )450 24.98

483 MPa
23.29

f f o
ft

f f

P A
A A

σ
σ = = ≅ = ................................................................. Ans. 

(h) 
( )( ) ( )

6
6 2

410 393 10
850 10  N/m 850 MPa

0.06 0.04tE σ
ε

−∆
= ≅ = =
∆ −

.................................... Ans. 

(i) 
( )( ) ( )

6
9 2

410 0 10
6.83 10  N/m 6.83 GPa

0.06sE σ
ε

−∆
= ≅ = =
∆

....................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

4-5  

 ( )2 20.25 4 0.04909 in.oA π= =  

 ( )2 20.212 4 0.03530 in.fA π= =  

From the σ ε−  diagram: 

(a) 
34.5 0 27,600 ksi

0.00125 0
E σ

ε
∆ −

= ≅ =
∆ −

............Ans. 

(b) 36 ksiPLσ ≅ .........................................................Ans. 

(c) 73 ksiultσ ≅ .........................................................Ans. 

(d) ............................................................................................................ Ans. ( )0.05% 43 ksiysσ ≅

(e) ............................................................................................................ Ans. ( )0.20% 43 ksiysσ ≅

(f) 65 ksitσ ≅ .............................................................................................................................. Ans. 

(g) 
( )65 0.04909

90 ksi
0.03530

f f o
ft

f f

P A
A A

σ
σ = = ≅ = ..................................................................... Ans. 

(h) 
64 50 467 ksi

0.06 0.03tE σ
ε

∆ −
= ≅ =
∆ −

...................................................................................... Ans. 

(i) 
56 0 1400 ksi
0.04sE σ

ε
∆ −

= ≅ =
∆

............................................................................................. Ans. 
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( )

( )

2 2

6 2

5.64 4 24.98 mm

24.98 10  m
oA π

−

= =

=
 

 
( )

( )

2

2 6

4.75 4

17.72 mm 17.72 10  m
fA π

−

=

= = 2
 

From the σ ε−  diagram: 

(a) 
( )( )6225 0 10

0.0012 0
E σ

ε

−∆
= ≅
∆ −

 

 ........................................................................................ Ans. ( )9 2187 10  N/m 187 GPaE ≅ =

(b) 270 MPaPLσ ≅ ...................................................................................................................... Ans. 

(c) 510 MPaultσ ≅ ...................................................................................................................... Ans. 

(d) ...................................................................................................... Ans. ( )0.05% 305 MPaysσ ≅

(e) ...................................................................................................... Ans. ( )0.20% 328 MPaysσ ≅

(f) 450 MPatσ ≅ ........................................................................................................................ Ans. 

(g) 
( )450 24.98

634 MPa
17.72

f f o
ft

f f

P A
A A

σ
σ = = ≅ = ................................................................. Ans. 

(h) 
( )( ) ( )

6
9 2

460 410 10
2.50 10  N/m 2.50 GPa

0.04 0.02tE σ
ε

−∆
= ≅ = =
∆ −

.................................. Ans. 

(i) 
( )( ) ( )

6
9 2

440 0 10
14.67 10  N/m 14.67 GPa

0.03sE σ
ε

−∆
= ≅ = =
∆

.................................. Ans. 
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 ( )2 20.505 4 0.200 in.oA π= =  ( )2 20.425 4 0.142 in.fA π= =  

First calculate stresses and strains from the given data and draw the σ ε−  diagram (next page).  Then, from the  
σ ε−  diagram: 

(a) 
32 0 26,700 ksi

0.0012 0
E σ

ε
∆ −

= ≅ =
∆ −

.................................................................................. Ans. 

(b) 38 ksiPLσ ≅ ............................................................................................................................ Ans. 

(c) 73 ksiultσ ≅ ................................................. Ans. 

(d) ................................. Ans. ( )0.05% 43 ksiysσ ≅

(e) ................................. Ans. ( )0.20% 47 ksiysσ ≅

(f) 65 ksitσ ≅ ................................................... Ans. 

(g) 
13 91 ksi

0.142
f f o

ft
f f

P A
A A

σ
σ = = ≅ = ........ Ans. 

(h) 
7.75 2400 ksi

0.0032tE σ
ε

∆
= ≅ =
∆

................ Ans. 

(i) 
46 0 14,400 ksi
0.0032sE σ

ε
∆ −

= ≅ =
∆

....................................................................................... Ans. 
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 ( )2 211.28 4 99.93 mmoA π= =  

 ( )2 29.50 4 70.88 mmfA π= =  

First calculate stresses and strains from the given  
data and draw the σ ε−  diagram (next page).  Then,  
from the  σ ε−  diagram: 

(a) 
( )( )6222 0 10

0.0012 0
E σ

ε

−∆
= ≅
∆ −

 

 ........................................................................................ Ans. ( )9 2185 10  N/m 185 GPaE ≅ =

(b) 270 MPaPLσ ≅ ...................................................................................................................... Ans. 

(c) 510 MPaultσ ≅ ...................................................................................................................... Ans. 

(d) ...................................................................................................... Ans. ( )0.05% 305 MPaysσ ≅

(e) ...................................................................................................... Ans. ( )0.20% 328 MPaysσ ≅

(f) 450 MPatσ ≅ ........................................................................................................................ Ans. 

(g) 
( )450 99.93

634 MPa
70.88

f f o
ft

f f

P A
A A

σ
σ = = ≅ = ................................................................. Ans. 

(h) 
( ) ( )

6
9 2

80 10
16.7 10  N/m 16.7 GPa

0.0048tE σ
ε

∆
= ≅ = =
∆

.................................................... Ans. 

(i) 
( ) ( )

6
9 2

315 10
109 10  N/m 109 GPa

0.0029sE σ
ε

∆
= ≅ = =
∆

.................................................... Ans. 
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The given values are 

 900 in./in.xε µ=  300 in./in.yε µ= −  400 radxyγ µ= −  

  10,000 ksiE = 0.30ν =  

 ( )
( )

( ) ( ) ( )6
22

10,000 900 0.30 300 10
1 1 0.30

x x y
Eσ ε νε
ν

−= + = + −  − −
 

 8.90 ksi 8.90 ksi (T)xσ = + = ............................................................................................ Ans. 

 ( )
( )

( ) ( ) ( )6
22

10,000 300 0.30 900 10
1 1 0.30

y y x
Eσ ε νε
ν

−= + = − +  − −
 

 0.330 ksi 0.330 ksi (C)yσ = − = ....................................................................................... Ans. 

 
( ) ( )

10,000 3846.15 ksi
2 1 2 1 0.30

EG
ν

= = =
+ +

 

 .......................................................... Ans. ( )63846.15 400 10 1.538 ksixy xyGτ γ −= = − × = −
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The given values are 

 1175 m/mxε µ=  1250 m/myε µ= −  850 radxyγ µ=  

  190 GPaE = 0.25ν =  

 ( ) ( )
( )

( ) ( ) ( )
3

6
22

190 10
1175 0.25 1250 10

1 1 0.25x x y
Eσ ε νε
ν

−
×

= + = + −  − −
 

 174.8 MPa 174.8 MPa (T)xσ = + = ................................................................................. Ans. 

 ( ) ( )
( )

( ) ( ) ( )
3

6
22

190 10
1250 0.25 1175 10

1 1 0.25y y x
Eσ ε νε
ν

−
×

= + = − +  − −
 

 193.8 MPa 193.8 MPa (C)yσ = − = ................................................................................ Ans. 

 
( ) ( )

190 76.00 GPa
2 1 2 1 0.25

EG
ν

= = =
+ +

 

 ..................................................... Ans. ( )( )3 676.0 10 850 10 64.6 MPaxy xyGτ γ −= = × × = +
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The given values are 

 500 in./in.xε µ=  250 in./in.yε µ=  150 radxyγ µ=  

  15,000 ksiE = 0.34ν =  

 ( )
( )

( ) ( ) ( )6
22

15,000 500 0.34 250 10
1 1 0.34

x x y
Eσ ε νε
ν

−= + = +  − −
 

 9.92 ksi 9.92 ksi (T)xσ = + = ............................................................................................ Ans. 

 ( )
( )

( ) ( ) ( )6
22

15,000 250 0.34 500 10
1 1 0.34

y y x
Eσ ε νε
ν

−= + = +  − −
 

 7.12 ksi 7.12 ksi (T)yσ = + = ............................................................................................ Ans. 

 
( ) ( )

15,000 5597.01 ksi
2 1 2 1 0.34

EG
ν

= = =
+ +

 

 ............................................................. Ans. ( )65597.01 150 10 0.840 ksixy xyGτ γ −= = × = +
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The given values are 

 1000 m/mxε µ=  400 m/myε µ=  800 radxyγ µ=  

  210 GPaE = 0.25ν =  

 ( ) ( )
( )

( ) ( ) ( )
3

6
22

210 10
1000 0.25 400 10

1 1 0.25x x y
Eσ ε νε
ν

−
×

= + = +  − −
 

 246 MPa 246 MPa (T)xσ = + = ........................................................................................ Ans. 

 ( ) ( )
( )

( ) ( ) ( )
3

6
22

210 10
400 0.25 1000 10

1 1 0.25y y x
Eσ ε νε
ν

−
×

= + = +  − −
 

 145.6 MPa 145.6 MPa (T)yσ = + = ................................................................................. Ans. 

 
( ) ( )

210 84.00 GPa
2 1 2 1 0.25

EG
ν

= = =
+ +

 

 ..................................................... Ans. ( )( )3 684.0 10 800 10 67.2 MPaxy xyGτ γ −= = × × = +
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The given values are 

 15,000 psixσ =  5000 psiyσ =  7500 psizσ =  30,000 ksiE =  

 5500 psixyτ =  4750 psiyzτ =  3200 psizxτ =  0.30ν =  

 
( ) ( )

30,000 11,538.46 ksi
2 1 2 1 0.30

EG
ν

= = =
+ +

 

 
( ) ( )

( )6

15,000 0.30 5000 7500
30 10

x y z
x E

σ ν σ σ
ε

− + − +
= =

×
 

 .......................................................................... Ans. ( )6375 10  in./in. 375 in./in.xε
−= + = + µ

 
( ) ( )

( )6

5000 0.30 15,000 7500
30 10

y x z
y E

σ ν σ σ
ε

− + − +
= =

×
 

 ....................................................................... Ans. ( )658.0 10  in./in. 58.0 in./in.yε
−= − = − µ

 
( ) ( )

( )6

7500 0.30 15,000 5000
30 10

z x y
z E

σ ν σ σ
ε

− + − +
= =

×
 

 ........................................................................ Ans. ( )650.0 10  in./in. 50.0 in./in.zε
−= + = + µ

 
( ) ( )6

6

5500 477 10  rad 477 rad
11.53846 10

xy
xy G

τ
γ µ−= = = + = +

×
................................... Ans. 

 
( ) ( )6

6

4750 412 10  rad 412 rad
11.53846 10

yz
yz G

τ
γ µ−= = = + = +

×
................................... Ans. 

 
( ) ( )6

6

3200 277 10  rad 277 rad
11.53846 10

zx
zx G

τγ µ−= = = + = +
×

................................... Ans. 
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The given values are 

 120 MPaxσ =  85 MPayσ = −  45 MPazσ =  73 GPaE =  

 35 MPaxyτ =  48 MPayzτ =  76 MPazxτ =  0.33ν =  

 
( ) ( )

73 27.444 GPa
2 1 2 1 0.33

EG
ν

= = =
+ +

 

 
( ) ( )

( )9

120 0.33 85 45
73 10

x y z
x E

σ ν σ σ
ε

− + − − +
= =

×
 

 .......................................................................... Ans. ( )61825 10  m/m 1825 m/mxε
−= + = + µ

 
( ) ( ) ( )

( )9

85 0.33 120 45
73 10

y x z
y E

σ ν σ σ
ε

− + − − +
= =

×
 

 ......................................................................... Ans. ( )61910 10  m/m 1910 m/myε
−= − = − µ

 
( ) ( )

( )9

45 0.33 120 85
73 10

z x y
z E

σ ν σ σ
ε

− + − −
= =

×
 

 .............................................................................. Ans. ( )6458 10  m/m 458 m/mzε
−= + = + µ

 
( ) ( )

6
6

9

35 10 1275 10  rad 1275 rad
27.444 10

xy
xy G

τ
γ µ−×

= = = =
×

......................................... Ans. 

 
( ) ( )

6
6

9

48 10 1749 10  rad 1749 rad
27.444 10

yz
yz G

τ
γ µ−×

= = = =
×

......................................... Ans. 

 
( ) ( )6

6

76 2770 10  rad 2770 rad
11.53846 10

zx
zx G

τγ µ−= = = =
×

.................................... Ans. 
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0.001 0.00200 in./in.
0.5

y
xy

xL
γ

∆
= = =  

  ( )( )3000 0.00200 6 psixy xyGτ γ= = =

 ................................................................................. Ans. ( )( )2 2 6 2 4 96 xyP Aτ= = × = lb
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The given values are  73 GPaE = 0.33ν =  

 875 m/ma xε ε µ= =  120 700 m/mbε ε µ°= =  60 650 m/mcε ε µ°= = −  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( )2 2875 cos 120 sin 120 sin 120 cos 120 700b y xyε ε γ= ° + ° + ° ° =  

 ( ) ( ) ( ) ( ) ( )2 2875 cos 60 sin 60 sin 60 cos 60 650c y xyε ε γ= ° + ° + ° ° = −  

 0.75000 0.43301 481.25y xyε γ− =  

 0.75000 0.43301 868.75y xyε γ+ = −  

 258.33 m/myε µ= −  1558.85 radxyγ µ= −  

 ( ) ( )
( )

( ) ( ) ( )
3

6
22

73 10
875 0.33 258.33 10

1 1 0.33x x y
Eσ ε νε
ν

−
×

= + = + −  − −
 

 64.7 MPa 64.7 MPa (T)xσ = + = ..................................................................................... Ans. 

 ( ) ( )
( )

( ) ( ) ( )
3

6
22

73 10
258.33 0.33 875 10

1 1 0.33y y x
Eσ ε νε
ν

−
×

= + = − +  − −
 

 2.49 MPa 2.49 MPa (T)yσ = + = ..................................................................................... Ans. 

 
( ) ( )

73 27.444 GPa
2 1 2 1 0.33

EG
ν

= = =
+ +

 

 ..................................... Ans. ( )( )3 627.444 10 1558.85 10 42.8 MPaxy xyGτ γ −= = × − × = −
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The given values are  30,000 ksiE = 0.30ν =  

 650 in./in.a xε ε µ= =  45 475 in./in.bε ε µ°= =  250 in./in.c yε ε µ= = −  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( ) ( )2 2650 cos 45 250 sin 45 sin 45 cos 45 475b xyε γ= ° + − ° + ° ° =  

 550 radxyγ µ= +  

 ( )
( )

( ) ( ) ( )6
22

30,000 650 0.30 250 10
1 1 0.30

x x y
Eσ ε νε
ν

−= + = + −  − −
 

 18.96 ksi 18.96 ksi (T)xσ = + = ........................................................................................ Ans. 

 ( )
( )

( ) ( ) ( )6
22

30,000 250 0.30 650 10
1 1 0.30

y y x
Eσ ε νε
ν

−= + = − +  − −
 

 1.813 ksi 1.813 ksi (C)yσ = − = ........................................................................................ Ans. 

 
( ) ( )

30,000 11,538.46 ksi
2 1 2 1 0.30

EG
ν

= = =
+ +

 

 ........................................................ Ans. ( )( )611,538.46 550 10 6.35 ksixy xyGτ γ −= = × = +

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

4-18  
The given values are  200 GPaE = 0.30ν =  

 540 m/ma xε ε µ= =  45 930 m/mbε ε µ°= =  20 m/mc yε ε µ= =  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( ) ( )2 2540 cos 45 20 sin 45 sin 45 cos 45 930b xyε γ= ° + ° + ° ° =  

 1300 radxyγ µ= +  

 ( ) ( )
( )

( ) ( ) ( )
3

6
22

200 10
540 0.30 20 10

1 1 0.30x x y
Eσ ε νε
ν

−
×

= + = +  − −
 

 120.0 MPa 120.0 MPa (T)xσ = + = ................................................................................. Ans. 

 ( ) ( )
( )

( ) ( ) ( )
3

6
22

200 10
20 0.30 540 10

1 1 0.30y y x
Eσ ε νε
ν

−
×

= + = +  − −
 

 40.0 MPa 40.0 MPa (T)yσ = + = ..................................................................................... Ans. 

 
( ) ( )

200 76.923 GPa
2 1 2 1 0.30

EG
ν

= = =
+ +

 

 ............................................ Ans. ( )( )3 676.923 10 1300 10 100.0 MPaxy xyGτ γ −= = × × = +
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4-19*  
The given values are  30,000 ksiE = 0.30ν =  

 8 ksixσ =  0 ksiyσ =  5 ksixyτ = −  

 
( ) ( ) ( )68 0.30 0

267 10 267 in./in.
30,000

x y
x E

σ νσ
ε µ−− −

= = = = ........................................ Ans. 

 
( ) ( ) ( )60 0.30 8

80 10 80 in./in.
30,000

y x
y E

σ νσ
ε µ−− −

= = = − = − ....................................... Ans. 

 
( ) ( )

30,000 11,538.46 ksi
2 1 2 1 0.30

EG
ν

= = =
+ +

 

 ( )65 433 10 433 rad
11,538.46

xy
xy G

τ
γ µ−−

= = = − = − ....................................................... Ans. 
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The given values are  200 GPaE = 0.30ν =  

 555 m/ma xε ε µ= = −  120 925 m/mbε ε µ°= =  120 740 m/mcε ε µ− °= =  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( )2 2555 cos 120 sin 120 sin 120 cos 120 925b y xyε ε γ= − ° + ° + ° ° =  

 ( ) ( ) ( ) ( ) ( )2 2555 cos 120 sin 120 sin 120 cos 120 740c y xyε ε γ= − − ° + − ° + − ° − ° =  

 0.75000 0.43301 1063.75y xyε γ− =  

 0.75000 0.43301 878.75y xyε γ+ =  

 1295.0 m/myε µ=  213.620 radxyγ µ= −  

(a) ( ) ( )
( )

( ) ( ) ( )
3

6
22

200 10
555 0.30 1295 10

1 1 0.30x x y
Eσ ε νε
ν

−
×

= + = − +  − −
 

 36.593 MPa 36.6 MPa (C)xσ = − ≅ ................................................................................ Ans. 

 ( ) ( )
( )

( ) ( ) ( )
3

6
22

200 10
1295 0.30 555 10

1 1 0.30y y x
Eσ ε νε
ν

−
×

= + = + −  − −
 

 248.022 MPa 248 MPa (T)yσ = + ≅ ............................................................................... Ans. 

 
( ) ( ) ( )

3
6200 10 213.620 10

2 1 2 1 0.30xy xy xy
EGτ γ γ
ν

−×
= = = − ×

+ +
 

 16.4323 MPa 16.43 MPaxyτ = − ≅ − ................................................................................ Ans. 

(b) 
( )

( ) ( )
1 12 2 16.43231 1tan tan 3.293 , 86.707

2 2 36.593 248.022
xy

p
x y

τ
θ

σ σ
− − −

= = = ° −
− − −

°  

When 3.293pθ = °  

 ( ) ( ) ( )

2 2

2 2

2

cos sin 2 sin cos

36.593 cos 248.022 sin 2 16.4323 sin cos

37.539 MPa

n x y xy

p p

p

σ σ θ σ θ τ θ θ

p pθ θ θ

σ

= + +

= − + + −

= − =

θ  

 1 2 248.968 MPap x y pσ σ σ σ= + − =  

 ( )max 1 2 2 143.3 MPap p pτ τ σ σ= = − =  

 ( )45 1 2 2 105.7 MPan p pσ σ σ= + =  

 

 1 249 MPa (T)pσ =   ........................Ans. 86.71°

 2 37.5 MPa (C)pσ =   ............................................................................................ Ans. 3.29°

 max 143.3 MPapτ τ= = ......................................................................................................... Ans. 
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The given values are  30,000 ksiE = 0.30ν =  

 1000 in./in.a xε ε µ= =  60 2000 in./in.bε ε µ°= =  120 1200 in./in.cε ε µ°= =  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( )2 21000 cos 60 sin 60 sin 60 cos 60 2000b y xyε ε γ= ° + ° + ° ° =  

 ( ) ( ) ( ) ( ) ( )2 21000 cos 120 sin 120 sin 120 cos 120 1200c y xyε ε γ= ° + ° + ° ° =  

 0.75000 0.43301 1750y xyε γ+ =  

 0.75000 0.43301 950y xyε γ− =  

 1800 in./in.yε µ=  923.760 radxyγ µ=  

 
( ) ( ) ( ) ( )

2 2

2 2

2 2 2

1000 1800 1000 1800 923.760
2 2

1400 611.01 in./in.

x y x y xy
p

ε ε ε ε γ
ε

µ

+ −   
= ± +   

   

+ −   = ± +   
  

= ±

2
 

 ( )1 1400 611.01 in./in. 2011.01 in./in.   2200 in./in. - okaypε µ µ µ= + = <  

 2 1400 611.01 in./in. 788.99 in./in.pε µ µ= − =  

 
( ) ( ) ( )

3

0.30 1000 1800
1200 in./in.

1 1 0.30
x y

p z

ν ε ε
ε ε µ

ν
− + − +  = = = = −

− −
 

 ( ) ( ) ( )max 2011 1200  rad 3211 rad   2500 rad - design failsγ µ µ µ= − − = >  

 
( ) ( )

( )
( ) ( ) ( )

( )

6
1 1 2 22

30,000
2011.01 0.30 788.99 10

1 1 0.30

74.1 ksi   74 ksi - design fails

p p p
Eσ ε νε
ν

−= + = +  − −

= >

 

 ( )
( )
( ) ( )

( )

6
max max max

30,000
3211 10

2 1 2 1 0.30

37.05 ksi   40 ksi - okay

EGτ γ γ
ν

−= = = ×
+ +

= <

 

 max 1 Design fails since both  and  are above the design limits.pγ σ ........................ Ans. 
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The given values are 

 0 mmxδ =  0 mmyδ =  0.4 mmzδ = −  z P Aσ = −  

Then 

 
( )0.4

0
1400

x y
x

zσ σ σ
ε

− +
= =  

( )0.4
0

1400
y x

y
zσ σ σ

ε
− +

= =  

 

 
( )0.40.4

25.4 1400
z x

z
yσ σ σ

ε
− +−

= =  

 0.4 0.4 0 MPax y zσ σ σ− − =  

 0.4 0.4 0 MPax y zσ σ σ− + − =  

 0.4 0.4 22.04724 MPax y zσ σ σ− − + = −  

 31.496 MPax yσ σ= = −  47.244 MPazσ = −  

 ( )( ) ( )6 322.04724 10 0.010 0.010 4.72 10  NzP Aσ= − = − × × =  

 ............................................................................................................................ Ans. 4.72 kNP =
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The given values are  10,600 ksiE = 0.33ν =  

 875 in./in.a xε ε µ= =  135 700 in./in.bε ε µ°= =  135 350 in./in.cε ε µ− °= = −  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( )2 2875 cos 135 sin 135 sin 135 cos 135 700b y xyε ε γ= ° + ° + ° ° =  

 ( ) ( ) ( ) ( ) ( )2 2875 cos 135 sin 135 sin 135 cos 135 350c y xyε ε γ= − ° + − ° + − ° − ° = −  

 0.5000 0.5000 262.5y xyε γ− =  

 0.5000 0.5000 787.5y xyε γ+ = −  

 525.00 in./in.yε µ= −  

 1050.00 radxyγ µ= −  

(a) 
( )

( ) ( )
1 1 10501 1tan tan 18.435 , 71.565

2 2 875 525
xy

p
x y

γ
θ

ε ε
− − −

= = = − °
− − −

°  

When 18.435pθ = − °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin sin cos

875 cos 525 sin 1050 sin cos

1050.00 in./in.

n x y xy

p p p

p

ε ε θ ε θ γ θ θ

pθ θ θ

µ ε

= + +

= + − + −

= =

θ  

 2 1 700.00 in./in.p x y pε ε ε ε µ= + − = −  

 1 1050 in./in.pε µ=   18.43 ............................................................................................. Ans. °

 2 700 in./in.pε µ= −   ............................................................................................ Ans. 71.57°

 ( ) ( ) ( )3
0.33 875 525 172.4 in./in.

1 1 0.33p x y
νε ε ε µ
ν

− −
= + = + − = −  − −

......................... Ans. 

 max 1 2 1750 radp p pγ γ ε ε µ= = − = ..................................................................................... Ans. 

(b) ( ) ( )
( )

( ) ( ) ( )6
1 1 2 22

10,600
1050 0.33 700 10

1 1 0.33p p p
Eσ ε νε
ν

−= + = + −  − −
 

 1 9.7423 ksi 9.74 ksi (T)pσ = + ≅ ...................................................................................... Ans. 

 ( ) ( )
( )

( ) ( ) ( )6
2 2 1 22

10,600
700 0.33 1050 10

1 1 0.33p p p
Eσ ε νε
ν

−= + = − +  − −
 

 2 4.2050 ksi 4.21 ksi (C)pσ = − ≅ ...................................................................................... Ans. 

 3 0 ksipσ = .............................................................................................................................. Ans. 

 ( )max 1 2 2 6.97 ksip p pτ τ σ σ= = − = ................................................................................ Ans. 
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The given values are  200 GPaE = 0.30ν =  

 500 m/maiε µ=  750 m/mhiε µ=  100 MPari pσ = − = −  

 500 m/maoε µ=  100 m/mhoε µ=  0 MParoσ =  

On the inside: 

 
( )( ) ( ) ( )

( ) ( )
( )( ) ( ) ( ) ( )

9
6 6

1
1 1 2

200 10
100 10 1 0.30 0.30 500 750 10

1 0.30 1 0.60

ri ri ai hi

ri

Eσ ν ε ν ε ε
ν ν

ε −

= − + +  + −

− = − + +  + −

 

 907.1 m/mriε µ= −  

 
( )( ) ( ) ( )

( )
( )( ) ( )( ) ( ) ( )

9
6

1
1 1 2

200 10
1 0.30 500 0.30 907.1 750 10

1 0.30 1 0.60

ai ai ri hi
Eσ ν ε ν ε ε

ν ν

−

= − + +  + −

= − + − +  + −

 

 ....................................................................... Ans. ( )6 2116.5 10  N/m 116.5 MPa (T)aiσ = =

 
( )( ) ( ) ( )

( )
( )( ) ( )( ) ( ) ( )

9
6

1
1 1 2

200 10
1 0.30 750 0.30 907.1 500 10

1 0.30 1 0.60

hi hi ri ai
Eσ ν ε ν ε ε

ν ν

−

= − + +  + −

= − + − +  + −

 

 ....................................................................... Ans. ( )6 2155.0 10  N/m 155.0 MPa (T)hiσ = =

On the outside: 

 ( ) ( )
( )

( ) ( ) ( )
9

6
22

200 10
500 0.30 100 10

1 1 0.30ao ao ho
Eσ ε νε
ν

−= + = +  − −
 

 ...................................................................... Ans. ( )6 2116.5 10  N/m 116.5 MPa (T)aoσ = =

 ( ) ( )
( )

( ) ( ) ( )
9

6
22

200 10
100 0.30 500 10

1 1 0.30ho ho ao
Eσ ε νε
ν

−= + = +  − −
 

 .......................................................................... Ans. ( )6 254.9 10  N/m 54.9 MPa (T)hoσ = =
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  ( )( )300 3.25 8 0iτ π− = 3.67281 psi 2000i iτ γ= =  

 1836.403 radiγ µ=  

  ( )( )300 4.25 8 0oτ π− = 2.80862 psi 2000o oτ γ= =  

 1404.308 radoγ µ=  

 
1836.403 1404.308 1620.356 rad

2 0.5avg
xγ µ+ ∆

= = ≅  

 ( ) ( )60.5 1620.356 10 8.10 10  in.x − −∆ ≅ × = 4 ................................................................... Ans. 
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(a) ( )( )( )612.1 10 70 2500 2.12 mmL TLδ α −= ∆ = × = ....................................................... Ans. 

 ( )( )( )612.1 10 70 105 0.0889 mmdo oTdδ α −= ∆ = × = .................................................. Ans. 

 ( )( )( )612.1 10 70 70 0.0593 mmdi iTdδ α −= ∆ = × = ..................................................... Ans. 

(b) ( )( )( )612.1 10 85 2500 2.57 mmL TLδ α −= ∆ = × − = − .................................................. Ans. 

 ( )( )( )612.1 10 85 105 0.1080 mmdo oTdδ α −= ∆ = × − = − ............................................. Ans. 

 ( )( )( )612.1 10 85 70 0.0720 mmdi iTdδ α −= ∆ = × − = − ................................................ Ans. 
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PLL T
AE

δ ε α= = + ∆ L  

 
( )

( )( ) ( )( )(6
6

3000 4 12
0.05 6.6 10 4 12

1 2 30 10
T−×

= + × ∆
× ×

)×  

 ........................................................................................................................ Ans. 150.3 FT∆ = °
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( )( )( )6 30 22.5 10 80 40 10

PLL TL
AE

δ ε α

−

= = + ∆

= + × − ×
 

 72.0 mmδ = − ........................................................................................................................ Ans. 
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PLL T
AE

δ ε α= = + ∆ L  

 ............................................................. Ans. ( )( )( )60 6.5 10 250 225 12 4.39 in.Lδ
−= + × × =

 ............................................................. Ans. ( )( )( )60 6.5 10 250 12 12 0.234 in.dδ
−= + × × =
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 99.8 100br stδ δ+ = +  
PLL T
AE

δ ε α L= = + ∆  

 ( )( )( ) ( )( )( )6 699.8 0 16.9 10 99.8 100 0 11.9 10 100T T− −  + + × ∆ = + + × ∆     

 ........................................................................................................................... Ans. 403 CT∆ = °
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PLL T
AE

δ ε α= = + ∆ L  

  ( )( )( )60 12.5 10 80 20 0.020000 in.aδ
−= + × =

  ( )( )( )60 6.6 10 80 20 0.0105600 in.sδ
−= + × =

 ..................................................... Ans. ( ) ( )5 5 0.02 0.01056 0.0472 in. a sb δ δ= − = − = ↑
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PLL T
AE

δ ε α= = + ∆ L  

  ( )( )( )60 22.5 10 75 300 0.50625 mmaδ
−= + × =

  ( )( )( )60 11.9 10 75 300 0.26775 mms bδ −= + × = =

 ( ) ( )250 250 0.50625 0.26775
25 25a sa b δ δ+ = − = −  

 ..........................................................................Ans. 2.12 mm a = ←
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 ( )
( ) ( )

( )( )6
2

0 0.33 4
12.5 10 60

0.2510,000 0.25 4

d a
d T

d

T
Eσ

σ νσε ε ε α

δ

π
−

−
= + = + ∆

−
= + ×

 
 

=
 

 0.000860 in.dδ = + ............................................................................................................... Ans. 
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  ( )2500 9.81 24,525 NP W= = =

(a) 
( )

( )6 2
2

24,525 49.962 10  N/m 50.0 MPa
0.025 4

P
A

σ
π

= = = ≅ ......................................... Ans. 

(b) 
( )

( ) ( )( )
6

6
9

49.962 10
22.5 10 50

73 10
T

E
σε α −= + ∆ = + × −  

 ........................................................................................... Ans. ( )6441 10 441 m/mε −= − = − µ

(c) d a
d T T

Eσ
σ νσε ε ε α−

= + = + ∆  

 
( ) ( )( )

6
6

9

0 0.33 49.962 10
22.5 10 50

73 10 25
d

d
δε −

− ×
= + ×

×
− =  

 0.0338 mmdδ = − ................................................................................................................. Ans. 
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( )

( )( )( ) ( )( ) ( )6 6
6

25 10
6.5 10 100 72 214 10

1 2 1 32 30 10d
P T

AE
ε α − −−

= + ∆ = + × − =
×

 

  ( )( )6214 10 100 12 0.257 in.L Lε −∆ = = × × = +

 ........................................................................................................ Ans. correction 0.257 in.= −

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

4-36  
  25 kNAB BCT T P= = =

(a) 
( )( )

( ) ( )
( )( )(6

2 9

25,000 200
12 10 20 200

0.050 4 200 10
AB

PL TL
AE

δ α
π

−= + ∆ = + ×
  × 

)  

 0.0607 mmABδ = .................................................................................................................. Ans. 

(b) 
( )( )

( ) ( )
( )( )(6

2 9

25,000 150
22.5 10 20 150

0.025 4 70 10
BC

PL TL
AE

δ α
π

−= + ∆ = + ×
  × 

)  

 0.1766 mmBCδ = .................................................................................................................. Ans. 

(c) 0.237 mm C AB BCδ δ∆ = + = → ........................................................................................ Ans. 
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From Table 4-1 for the T300/5208 material 

   1 26,300 ksiE = 2 1494 ksiE = 12 1040 ksiG =  12 0.28ν =  

 ( )2
21 12

1

1494 0.28 0.01591
26,300

E
E

ν ν= = =  

The given data are 

 1 2000 in./in.ε µ=  2 4000 in./in.ε µ=  12 1500 radγ µ=  

 ( ) ( )( ) ( ) ( ) ( )61
1 1 21 2

12 21

26,300 2000 0.01591 4000 10
1 1 0.28 0.01591

Eσ ε ν ε
ν ν

−= + = +  − −
 

 1 54.5 ksi 54.5 ksi (T)σ = + = ............................................................................................. Ans. 

 ( ) ( )( ) ( ) ( ) ( )62
2 2 12 1

12 21

1494 4000 0.28 2000 10
1 1 0.28 0.01591

Eσ ε ν ε
ν ν

−= + = +  − −
 

 2 6.84 ksi 6.84 ksi (T)σ = + = ............................................................................................ Ans. 

 ........................................................... Ans. ( )( )6
12 12 12 1040 1500 10 1.560 ksiGτ γ −= = × = +
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From Table 4-1 for the Scotchply 1002 Glass/Epoxy material 

   1 36.8 GPaE = 2 8.27 GPaE = 12 4.14 GPaG =  12 0.26ν =  

 ( )2
21 12

1

8.27 0.26 0.05843
36.8

E
E

ν ν= = =  

The given data are 

 1 30 MPaσ =  2 2 MPaσ = −  12 0.3 MPaτ =  

 
( ) ( ) ( ) ( )61 2

1 21 3 3
1 2

30 20.05843 829 10  m/m
36.8 10 8.27 10E E

σ σε ν −−
= − = − =  

 1 829 m/mε µ= ...................................................................................................................... Ans. 

 
( ) ( ) ( ) ( )62 1

2 12 3 3
2 1

2 300.26 454 10  m/m
8.27 10 36.8 10E E

σ σε ν −−
= − = − = −  

 2 454 m/mε µ= − ................................................................................................................... Ans. 

 
( ) ( )612

12 3
12

0.3 72.5 10  rad 72.5 rad
4.14 10G

τγ µ−= = = + = + ............................................ Ans. 
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4-39  
From Table 4-1 for the T300/5208 material 

   1 26,300 ksiE = 2 1494 ksiE = 12 1040 ksiG =  12 0.28ν =  

 ( )2
21 12

1

1494 0.28 0.01591
26,300

E
E

ν ν= = =  

The given data are 

 1 40 ksiσ =  2 10 ksiσ = −  12 2 ksiτ =  

 ( ) ( ) ( )61 2
1 21

1 2

1040 0.01591 1627 10  in./in.
26,300 1494E E

σ σε ν −−
= − = − =  

 1 1627 in./in.ε µ= ................................................................................................................... Ans. 

 
( ) ( ) ( )62 1

2 12
2 1

10 400.28 7120 10  in./in.
1494 26,300E E

σ σε ν −−
= − = − = −  

 2 7120 in./in.ε µ= − ............................................................................................................... Ans. 

 ( )612
12

12

2 1923 10  rad 1923 rad
1040G

τγ µ−= = = + = + ................................................... Ans. 
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From Table 4-1 for the Boron/epoxy material 

   1 200 GPaE = 2 20 GPaE = 12 6 GPaG =  12 0.23ν =  

 ( )2
21 12

1

20 0.23 0.02300
200

E
E

ν ν= = =  

The given data are 

 1 1000 m/mε µ=  2 500 m/mε µ=  12 300 radγ µ=  

 ( ) ( )
( )( ) ( ) ( ) ( )

3
61

1 1 21 2
12 21

200 10
1000 0.023 500 10

1 1 0.23 0.023
Eσ ε ν ε
ν ν

−= + = +  − −
 

 1 203 MPa 203 MPa (T)σ = + = ........................................................................................ Ans. 

 ( ) ( )
( )( ) ( ) ( ) ( )

3
62

2 2 12 1
12 21

20 10
500 0.23 1000 10

1 1 0.23 0.023
Eσ ε ν ε
ν ν

−= + = +  − −
 

 2 14.68 MPa 14.68 MPa (T)σ = + = ................................................................................. Ans. 

 ...................................................... Ans. ( )( )3 6
12 12 12 6 10 300 10 1.800 MPaGτ γ −= = × × = +
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From Table 4-1 for the T300/5208 material 

   1 26,300 ksiE = 2 1494 ksiE = 12 1040 ksiG =  12 0.28ν =  

 ( )2
21 12

1

1494 0.28 0.01591
26,300

E
E

ν ν= = =  

The given data are 

 1 5 ksiσ =  2 5 ksiσ =  12 1 ksiτ =  

 ( )1 2
1 21

1 2

5 50.01591 0.00013687 in./in.
26,300 1494E E

σ σε ν= − = − =  

 ( )2 1
2 12

2 1

5 50.28 0.003293 in./in.
1494 26,300E E

σ σε ν= − = − =  

 ......................................................................... Ans. ( )( )2 0.003293 10 0.0329 in.x Lδ ε= = =

 ................................................................ Ans. ( )( )1 0.00013687 10 0.001369 in.y Lδ ε= = =
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From Table 4-1 for the Scotchply 1002 Glass/Epoxy material 

   1 36.8 GPaE = 2 8.27 GPaE = 12 4.14 GPaG =  12 0.26ν =  

 ( )2
21 12

1

8.27 0.26 0.05843
36.8

E
E

ν ν= = =  

The given data are 

 1 5 MPaσ =  2 2 MPaσ = −  12 0 MPaτ =  

 
( ) ( ) ( )

( ) ( )61 2
1 21 3 3

1 2

25 0.05843 150.00 10  m/m
36.8 10 8.27 10E E

σ σε ν −−
= − = − =  

 ............................................................. Ans. ( )( )1 0.00015000 125 0.01875 mmx Lδ ε= = =

 
( )
( ) ( ) ( ) ( )62 1

2 12 3 3
2 1

2 50.26 277.16 10  m/m
8.27 10 36.8 10E E

σ σε ν −−
= − = − = −  

 ......................................................... Ans. ( )( )2 0.00027716 100 0.0277 mmy Lδ ε= = − = −
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Since 0yσ = , x x Exε σ=  or x xE xσ ε=  

The total load carried by the composite is carried partially by the fibers and partially by the matrix.  Thus, 

 x f f m m f f f m mP A A A E A E mAσ σ σ ε ε= = + = +  

where f m xε ε ε= =  since the fibers and the matrix are bonded together.  Therefore, 

 f f m m
x x

E A E A
E

A x xσ ε ε
+

= =  

from which 

 f f m m f f m m
x

E A E A E A E AE
A A A
+

= = + = f f m mE V E V+ ................................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

4-44  
The total load carried by the composite is carried partially by the fibers and partially by the matrix.  Thus, 

 f m f f mP P P A Amσ σ= + = +  

Therefore, 

 f f f f f f

f f m m f f f m m m

P A E A
P A A E A E A

σ ε
σ σ ε ε

= =
+ +

 

where f m xε ε ε= =  since the fibers and the matrix are  
bonded together.  Therefore, 

 ( )
f f f f f

f f m m f f m f

P E A E A
P E A E A E A E A A

= =
+ + −

 

Dividing both the numerator and the denominator by the total area  gives A

 
( )

( ) ( ) ( )1
f ff

f f m m f f m f

E A AP E
P E A A E A A E V E V

= =
+ +

f fV
−

................................................... Ans. 
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(a) 75
50 0 25,000 ksi

0.002 0
E −

= =
−

.....................................................................................................Ans. 

 1600
26 0 13,000 ksi

0.002 0
E −

= =
−

...................................................................................................Ans. 

(b) ...........................................................................................................................Ans. ( )75 57 ksiyσ ° ≅

 .......................................................................................................................Ans. ( )1600 21 ksiyσ ° ≅
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The given values are 

 120 MPaxσ =  80 MPayσ = −  60 MPaxyτ =  

  70 GPaE = 0.33ν =  

 
( ) ( ) ( )

( )3

120 0.33 80 0
0.00209143 2091.43 m/m

70 10
x y z

x E
σ ν σ σ

ε µ
− + − − +  = = = + = +  

 
( ) ( ) ( )

( )3

80 0.33 120 0
0.00170857 1708.57 m/m

70 10
y x z

y E
σ ν σ σ

ε µ
− − + − +  = = = − = −  

 
( ) ( )

70 26.3158 GPa
2 1 2 1 0.33

EG
ν

= = =
+ +

 

 
( )3

60 0.002280 rad 2280 rad
26.3158 10

xy
xy G

τ
γ µ= = = + = +  

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin sin cos

2091.43 cos 30 1708.57 sin 30 2280 sin 30 cos 30
n x y xyε ε θ ε θ γ θ θ= + +

= − ° + − − ° + − ° − °

 154.2 m/mnε µ= ................................................................................................................... Ans. 
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The given values are 

 12 ksixσ =  4 ksiyσ = −  6 ksixyτ = −  

  30,000 ksiE = 0.30ν =  

 
( ) ( ) ( )12 0.30 4 0

30,000
x y z

x E
σ ν σ σ

ε
− + − − +  = =  

 0.000440 in./in. 440 in./in.x aε ε= = + = + µ ................................................................... Ans. 

 
( ) ( ) ( )4 0.30 12 0

30,000
y x z

y E
σ ν σ σ

ε
− − + − +  = =  

 0.00025333 in./in. 253 in./in.y bε ε= = − ≅ − µ .............................................................. Ans. 

 
( ) ( )

30,000 11,538.46 ksi
2 1 2 1 0.30

EG
ν

= = =
+ +

 

 
6 0.000520 rad 520 rad

11,538.46
xy

xy G
τ

γ µ−
= = = − = −  

  
( ) ( ) ( ) ( ) ( ) ( ) (

2 2

2 2

cos sin sin cos

440 cos 120 253.33 sin 120 520 sin 120 cos 120
n x y xyε ε θ ε θ γ θ θ= + +

= ° + − ° + − ° )°
 145.2 in./in.n cε ε µ= = ........................................................................................................ Ans. 
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The given values are 

 100 MPaxσ = −  0 MPazσ =  210 GPaE =   80 GPaG =

  ( )2 1E Gν= + ( )( )210 2 1 80ν= +  0.31250ν =  

 
( ) ( )

( )3

0.31250 100 0
0

210 10
yy x z

y E
σσ ν σ σ

ε
− − + − +  = = =  

 31.250 MPayσ = −  

 
( ) ( ) ( )

( )3

0 0.31250 100 31.250
0.0001953 m/m

210 10
z x y

z E
σ ν σ σ

ε
− + − − + −  = = =  

 ................................................................. Ans. ( )( )0.0001953 10 0.001953 mmz Lδ ε= = =
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  29,000 ksiE = 11,000 ksiG =  ( )2 1E Gν= +  

  ( )(29,000 2 1 11,000ν= + ) 0.31818ν =  

 ( ) ( )
6 0.31818

2 2
29,000

y
xa xa xa xaL

σ
δ ε ε

−
= = =  

 ( ) ( )53 3
29,000xb xb xb xbLδ ε ε= = =  

But xa xbδ δ= , therefore 

 12 0.63636 15yσ− =  

 4.71 ksiyσ = − ........................................................................................................................ Ans. 
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(a) 
( ) ( )

6
9 2

1 2

400 10 0
200 10  N/m 200 GPa

0.002 0
E E

−
= = = =

−
............................................... Ans. 

(b) 1 350 MPayσ = ...................................................................................................................... Ans. 

 2 1000 MPayσ = .................................................................................................................... Ans. 
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Assume series of rails all initially separated by 0.125     in.
When heated, rails expand from center in both directions. 

(a) ( )( )( )60.125 6.6 10 55 12T L Tδ α −= = ∆ = × ∆ ×  

  28.7 FT∆ = °
 .................................................................. Ans. Rails touch when   60 28.7 88.7 FT = + = °

(b)  ( )( )( )66.6 10 50 55 12 0.21780 in.δ −= × − × = −

 .............................................................. Ans. 0.125 0.2178 0.3428 in. 0.343 in.gap = + = ≅
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The given values are 

 72 MPaxσ =  36 MPayσ =  24 MPaxyτ = −  

  100 GPaE = 0.28ν =  

 
( ) ( )

( )3

72 0.28 36
0.00061920 619.20 m/m

100 10
x y

x E
σ νσ

ε µ
− −

= = = + = +  

 619 m/mx aε ε µ= = + .......................................................................................................... Ans. 

 
( ) ( )

( )3

36 0.28 72
0.00015840 158.40 m/m

100 10
y x

y E
σ νσ

ε µ
− −

= = = =  

 
( ) ( )

100 39.0625 GPa
2 1 2 1 0.28

EG
ν

= = =
+ +

 

 
( )3

24 0.00061440 rad 614.40 rad
39.0625 10

xy
xy G

τ
γ µ−

= = = − = −  

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin sin cos

619.20 cos 45 158.40 sin 45 614.40 sin 45 cos 45
n x y xyε ε θ ε θ γ θ θ= + +

= ° + ° + − ° °

 81.6 m/mn bε ε µ= = + ......................................................................................................... Ans. 

  
( ) ( ) ( ) ( ) ( ) ( ) (

2 2

2 2

cos sin sin cos

619.20 cos 135 158.40 sin 135 614.40 sin 135 cos 135
n x y xyε ε θ ε θ γ θ θ= + +

= ° + ° + − ° )°
 696 m/mn cε ε µ= = + ........................................................................................................... Ans. 
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The given values are 

 8.5 ksixσ =  4.5 ksiyσ =  6 ksixyτ =  

  30,000 ksiE = 0.30ν =  

 
( ) ( )8.5 0.30 4.5

0.00023833 238.33 in./in.
30,000

x y
x E

σ νσ
ε µ

− −
= = = + = +  

 
( ) ( )4.5 0.30 8.5

0.00006500 in./in. 65.00 in./in.
30,000

y x
y E

σ νσ
ε µ

− −
= = = ≅ +  

 
( ) ( )

30,000 11,538.46 ksi
2 1 2 1 0.30

EG
ν

= = =
+ +

 

 
6 0.00052000 rad 520.00 rad

11,538.46
xy

xy G
τ

γ µ= = = =  

  
( ) ( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin sin cos

238.33 cos 20 65.00 sin 20 520.00 sin 20 cos 20
n x y xyε ε θ ε θ γ θ θ= + +

= ° + ° + ° °

 385 in./in.nε µ= .................................................................................................................... Ans. 
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4-54*  
The given values are  73 GPaE = 0.33ν =  

 825 m/mxε µ=  950 m/myε µ=  680 radxyγ µ=  

(a) ( ) ( )
( )

( ) ( ) ( )
3

6
22

73 10
825 0.33 950 10

1 1 0.33x x y
Eσ ε νε
ν

−
×

= + = +  − −
 

 93.2673 MPa 93.3 MPa (T)xσ = + ≅ + ............................................................................ Ans. 

 ( ) ( )
( )

( ) ( ) ( )
3

6
22

73 10
950 0.33 825 10

1 1 0.33y y x
Eσ ε νε
ν

−
×

= + = +  − −
 

 100.1282 MPa 100.1 MPa (T)yσ = + ≅ .......................................................................... Ans. 

 
( ) ( ) ( )

3
673 10 680 10

2 1 2 1 0.33xy xy xy
EGτ γ γ
ν

−×
= = = ×

+ +
 

 18.6617 MPa 18.66 MPaxyτ = + ≅ + ................................................................................ Ans. 

(b) 
( )

( ) ( )
1 12 2 18.66171 1tan tan 39.792 , 50.208

2 2 93.2673 100.1282
xy

p
x y

τ
θ

σ σ
− −= = = − °

− −
°  

When 39.792pθ = −  

 ( ) ( ) ( )

2 2

2 2

2

cos sin 2 sin cos

93.2673 cos 100.1282 sin 2 18.6617 sin cos

77.7234 MPa

n x y xy

p p

p

σ σ θ σ θ τ θ θ

p pθ θ θ

σ

= + +

= + +

= + =

θ  

 1 2 115.6721 MPap x y pσ σ σ σ= + − =  

 1 115.7 MPa (T)pσ =   .................Ans. 50.21°

 2 77.7 MPa (T)pσ =   ...................Ans. 39.79°

 3 0 MPapσ = ....................................................Ans. 

 ( )1 2 2 18.97 MPap p pτ σ σ= − = ...............Ans. 

 ( )45 1 2 2 96.7 MPan p pσ σ σ= + =  

 ( )max 1 3 2 57.8 MPa (out-of-plane)p pτ σ σ= − = .......................................................... Ans. 

 ( )45 1 3 2 57.8 MPan p pσ σ σ= + =  

 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

5-1*  
 ( )2 26 4.5 4 12.37002 in.AA π= − = 2  120 kipA BP P= =  

 2 24 4 12.56637 in.BA π= =  

 
( )( )

( )( )
( )( )

( )( )
120 3 12 120 4 12

12.37002 30,000 12.56637 10,600total
PL
AE

δ
× ×

= = +∑  

 0.0549 in.δ = ...................................................................................................Ans. 
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  ( )( ) 20.100 0.025 0.002500 mA = =

(a) 
( )( )

( )( )
3

9

350 10 800
0.560 mm

0.002500 200 10AB
PL
AE

δ
×

= = =
×

........................................................ Ans. 

(b) 
( )( )

( )( )
3

9

100 10 1200
0.240 mm

0.002500 200 10BCδ
×

= =
×

........... Ans. 

(c) 
( )( )

( )( )
3

9

180 10 1000
0.360 mm

0.002500 200 10CDδ
×

= =
×

 

 0.560 0.240 0.360 1.160 mmtotalδ = + + = ............. Ans. 
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5-3  
(a) ( )2 26 4.8 4 10.17876 in.pipeA π= − = 2  

 
30 2.95 ksi (C)

10.17876avg
P
A

σ = = = .................................................................................... Ans. 

(b) 
( )( )

( )( )
30 24

0.0024392 in. 0.00244 in. (shorten)
10.17876 29,000

PL
AE

δ
−

= = = − ≅ ............. Ans. 

(c) ( )60.0024392 101.6 10 101.6 in./in.
24avg L

δε µ−−
= = = − = − ............................................ Ans. 
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 ( )2 225 4 490.9 mmTA π= =  ( )2 215 4 176.71 mmBA π= =  

(a) 
( )( ) ( )( )

( )( )
3 3

6 9

55 10 1200 35 10 1500

490.9 10 73 10a a
PL
AE

δ − −

× + ×
= =

× ×
∑  

 3.30693 mm 3.31 mma aδ − = ≅ ........................................ Ans. 

(b) 
( )( )

( )( )
3

6 9

20 10 1500
3.30693

176.71 10 73 10b b
PL
AE

δ − −

×
= = +

× ×
∑  

 0.563 mmb bδ − = .................................................................. Ans. 
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(a) 
( )( )

( ) ( )2

10 4 12

1.5 4 30,000
PL
AE

δ
π

×
= =

 
 

∑  

 
( )( )
( ) ( )2

20 4 12

1 4 30,000π

×
+
 
 

 

 0.0498 in.δ = ........................................................ Ans. 
 

(b) 
( ) ( ) ( ) ( ) ( )

2 2 21.5 1
48 48 96

4 4 4
dW V

π π πγ γ γ
   

= = + =   
    

  1.27475 in.d =

 
( )( ) ( )( )

( ) ( )2

10 4 12 20 4 12
0.0376 in.

1.27475 4 30,000
PL
AE

δ
π

× + ×
= = =

 
 

∑ ............................................... Ans. 
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( ) ( )6 2100 10  N/m
0.025 0.075

N P
A

σ = = ≤
×

 ( )3187.5 10  NP ≤  

 
( )

( )( )9

2000
4 mm

0.025 0.075 70 10
PPL

AE
δ = = ≤

× ×
 ( )3262.5 10  NP ≤  

 ..................................................................................................................... Ans. max 187.5 kNP =
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(a) 
( )(
( )( )

)230 11 12
9 29,000

PL
AE

δ
×

= =  

 
( )( )
( ) ( )2

20 4 12

1 4 30,000π

×
+
 
 

 

 0.11632 in. 0.1163 in.δ = ≅ .............................. Ans. 

(b) 
( )( )
( )( )
85 11 12

0.11632
9 29,000

PL
AE

δ
×

= = +∑  

 0.1593 in.δ = ......................................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

5-8  

 
( )

( ) ( )2 9

1000

0.030 4 200 10

PPL
AE

δ
π

= =
  × 

∑  

 
( )

( ) ( )2 2 9

2000
3 mm

0.060 0.040 4 180 10
P

π
+ =
 − × 

 

 ................................................................................................. Ans. ( )3212 10  N 212 kNP = =
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(a) 
( )( ) ( )( ) ( )( )

( )( )
5 8 10 6 4 10

1 2 10,000
PL
AE

δ
+ +

= =
×∑  

 0.00700 in.δ = ...................................................... Ans. 

(b) 0xA xyAσ τ= = .......................................................... Ans. 

 
( )

4 2.00 ksi (T)
1 2yA

P
A

σ = = =
×

........................ Ans. 

 0xB xyBσ τ= = .......................................................... Ans. 

 
( )

10 5.00 ksi (T)
1 2yB

P
A

σ = = =
×

........................ Ans. 

 0xC xyCσ τ= = ......................................................................................................................... Ans. 

 
( )

5 2.50 ksi (T)
1 2yC

P
A

σ = = =
×

....................................................................................... Ans. 
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 ( )2 260 50 4 863.938 mmAA π= − = 2  

 ( )2 250 4 1963.495 mmBA π= =  

 ( )2 225 4 490.874 mmCA π= =  

(a) 
( )( )

( )( )
3

6 9

135 10 400

863.938 10 200 10A
PL
AE

δ
−

×
= =

× ×
 

 0.31252 mm 0.313 mmAδ = ≅ ............................... Ans. 

(b) 
( )( )

( )( )
( )( )

( )( )
3 3

6 9 6

265 10 500 45 10 500
0.31252

1963.435 10 73 10 490.874 10 73 10total
PL
AE

δ
− −

× ×
= = + +

× × × ×
∑ 9

 

 1.865 mmtotalδ = ................................................................................................................... Ans. 

(c) ( )60.31252 781 10 781 m/m
400A L

δε −= = = = µ ................................................................. Ans. 

(d) 
( ) ( )

3
6 2

135 10
156.3 10  N/m 156.3 MPa

863.938A
N
A

σ = = = =  

 
( ) ( )

3
6 2

265 10
135.0 10  N/m 135.0 MPa

1963.495B
N
A

σ = = = =  

 
( ) ( )

3
6 2

45 10
91.7 10  N/m 91.7 MPa

490.874C
N
A

σ = = = =  

 max 156.3 MPaσ = ................................................................................................................. Ans. 
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 ( )2 26 4.5 4 12.3700 in.AA π= − = 2  

 ( )2 24 4 12.5664 in.BA π= =  

(a) 
( )( )

( )( )
205 50

12.3700 29,000A
PL
AE

δ = =  

 0.02857 in. 0.0286 in.Aδ = ≅ .......................................... Ans. 

(b) 
( )( )

( )( )
120 40

0.02857
12.5664 10,600total

PL
AE

δ = = +∑  

 0.0646 in.totalδ = ................................................................................................................... Ans. 

(c) max
120 9.5493 ksi 9.55 ksi

12.5664B
N
A

σ = = = ≅ .............................................................. Ans. 

 max
max 4.7747 ksi 4.77 ksi

2
B

B
στ = = ≅ ............................................................................ Ans. 

(d) ( )69.5493 900.8774 10
10,600longB E

σε −= = =  

 ( )( ) ( )6 60.33 900.8774 10 297.2895 10latB longBε νε − −= − = − × = −  

 ( )( ) ( )6297.2895 10 4 1.189 10  in.dB latBdδ ε −= = − × = − 3− ........................................... Ans. 
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  ( )( ) 225 25 625 mmAA = =

 ( )2 225 4 490.874 mmBA π= =  

(a) 
( )( )

( )( )
3

6 9

50 10 1000

625 10 73 10
PL
AE

δ
−

×
= =

× ×
∑  

 
( )( )

( )(
3

6 9

50 10 2000

490.874 10 73 10−

×
+

× ×
 

)

 3.89 mmδ = .......................................................................................................................... Ans. 

(b) 
( )
( ) ( )

3
6 2

6

50 10
80 10  N/m 80 MPa

625 10xA
N
A

σ
−

= = = = ....................................................... Ans. 

 0 MPayA xyAσ τ= = ............................................................................................................... Ans. 

 
( )
( ) ( )

3
6 2

6

50 10
101.859 10  N/m 101.9 MPa

490.874 10xB
N
A

σ
−

= = = ≅ .............................. Ans. 

 0 MPayB xyBσ τ= = ............................................................................................................... Ans. 

(c) 
( )

( ) ( )
6

6
9

101.859 10
1395.331 10 1395 m/m

73 10xB E
σε µ−= = = ≅ ......................................... Ans. 

(d) ( )( ) ( )6 60.33 1395.331 10 460.459 10yB xBε νε − −= − = − × = −  

 ( )( )6460.459 10 25 0.01151 mmd yBdδ ε −= = − × = − ................................................... Ans. 
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 ( )2 20.75 4 0.44179 in.A π= =  

(a) 
( )( )

( )( )
5 3 12

0.01405 in.
0.44179 29,000A

PL
AE

δ
×

= = = .............................................................. Ans. 

(b) 
5 11.3177 ksi 11.32 ksi

0.44179x
N
A

σ = = = ≅ ............................................................... Ans. 

 0 ksiy xyσ τ= = ...................................................................................................................... Ans. 

(c) ( )611.31769 390.265 10 390 in./in.
29,000x E

σε µ−= = = ≅ .................................................... Ans. 

 ( )( ) ( )6 60.30 390.265 10 117.1 10 117.1 in./in.y xε νε µ− −= − = − × = − ≅ − ............... Ans. 

 0 radxy
xy G

τ
γ = = µ ................................................................................................................. Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

5-14  

(a) 
( )( ) ( )( )

( )( )
3 3

6 9

260 10 3500 930 10 3500

9485 10 200 10
PL
AE

δ
−

× + ×
= =

× ×
∑  

 2.20 mmδ = ........................................................................ Ans. 

(b) 0 MPaxA xyAσ τ= = ............................................................. Ans. 

 
( )
( ) ( )

3
6 2

6

260 10
27.4117 10  N/m

9485 10yA
N
A

σ
−

= = =  

 27.4 MPa (C)yAσ ≅ ........................................................... Ans. 

 0 MPaxB xyBσ τ= = ............................................................................................................... Ans. 

 
( )
( ) ( )

3
6 2

6

930 10
98.0496 10  N/m 98.0 MPa (C)

9485 10yB
N
A

σ
−

= = = ≅ .............................. Ans. 

(c)  ( )2 1E Gν= + ( )( )200 2 1 76ν= +  0.31579ν =  

 
( )

( ) ( )
6

6
9

27.4117 10
137.059 10 137.1 m/m

200 10yA E
σε µ−

−
= = = − ≅ − ................................ Ans. 

 ................................................ Ans. ( )( )0.31579 137.059 43.3 m/mxA yAε νε µ= − = − − = +

 0 m/mxyAγ µ= ........................................................................................................................ Ans. 

 
( )

( ) ( )
6

6
9

98.0496 10
490.2478 10 490 m/m

200 10yB E
σε µ−

−
= = = − ≅ − .................................. Ans. 

 ( )( )0.31579 490.2478 154.8 m/mxB yBε νε µ= − = − − = + ........................................... Ans. 

 0 m/mxyBγ µ= ........................................................................................................................ Ans. 
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 ( )2 24 2 4 9.42478 in.AA π= − = 2  ( )2 22 4 3.14159 in.BA π= =  

(a) 
( )( )

( )( )
130 50

9.42478 15,000a a
PL
AE

δ − = =  

 ......................................... Ans. 0.045978 in. 0.0460 in. a aδ − = ≅ ↑

(b) 
( )( )

( )( )
80 60

0.045978 0.0969 in. 
3.14159 30,000b bδ − = + = ↑ ..... Ans. 

(c) 
130 13.7934 ksi 13.79 ksi (C)

9.42478yA
N
A

σ = = = ≅ ............. Ans. 

 
80 25.4648 ksi 25.5 ksi (C)

3.14159yBσ = = ≅ ................................................................. Ans. 

 0 ksixB xyBσ τ= = .............................. 0 ksixA xyAσ τ= = ................................................... Ans. 

(d)  ( )2 1E Gν= + ( )( )15,000 2 1 5600ν= +  0.33929ν =  

 ( ) y
d x yd d

E
d

νσ
δ ε νε

−
= = − =  

 
( )( ) ( )0.33929 13.7934

4 0.000624 in.
30,000doδ

− −
= = ........................................................ Ans. 

 
( )( ) ( )0.33929 13.7934

2 0.000312 in.
30,000diδ

− −
= = ......................................................... Ans. 
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( )( )

( ) ( )
( )( )

( )
3 3

2 99

35 10 900 35 10 300
0.40 mm

73 100.025 4 200 10
PL
AE A

δ
π

× ×
= = + ≤

  ×× 
∑  

  ( )3 21.81740 10  m 1817.40 mmA −≥ = 2

 
( )2 2

2
75

1817.40 mm
4

idπ −
≥  57.5414 mmid ≤  

 ( )min 75 57.5414 2 8.73 mmt = − = ................................ Ans. 
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For the uniform section: 

  ( )1 0.284 2 5 0.284W V yγ= = × = y

  1 30,000 0.284P y= +

 

( )
( )( )

( )( ) ( )

25

60

2
3 9

30,000 0.284
2 5 29 10

251.03448 10 25 9.79310 10
2

0.02587 in.

U

y dy
δ

− −

+
=

× ×

 
= × + ×  

 
=

∫

 

For the tapered section: 

  ( )2
2 0.284 0.0125W V y yγ= = +

  ( )2
2 30,007 0.284 0.0125P y= + + y

 ( )2 0.5 1 0.025
20y y
yA b t  = = + = + 

 
y  

 
( )( )

2

6

30,007 0.284 0.00355
1 0.025 29 10

y

y

P dy y yd d
A E y

δ + +
= =

+ ×
 y

 

( )( )

( ) ( )
( ) ( ) ( )

( )
( )

( ) ( ) ( )

260

60

60 60

60 0

602

6

0

30,007 0.284 0.00355
1 0.025 29 10

0.284 1600
0.04139ln 1 0.025 1 0.025 ln 1 0.025

29 10

0.00355 64,000 1 0.025
2 1 0.025 ln 1 0.025

229 10

0.03793 in.

T
y y dy

y

y y

y
y y

δ + +
=

+ ×

= + + + − + y  ×

 +
+ − + + + 

×   
=

∫

 

 0.0638 in.total U Tδ δ δ= + = ................................................................................... Ans. 
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 ( )
2

3 2
23y
rP L y

L
γ π π
 

= + − 
 

r L  

 ( ) ( )
2 2

2
2y

r rA L y L
L L

ππ  = + = +  
y  

 ( )
( )

3

23
y

y

P dy Ld L y
A E E L y

γδ
 

= = + − 
+  

dy  

 ( )
( )

( )
( )

23 3

20
0

3 3 2

L
L L yL LL y dy

E EL y

2

3
L

L y E
γ γ γδ

   +
= + − = + =   

++      
∫ .................. Ans. 
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 yP W Ayγ= =  1 2P A y Kσ γ ε= = =  

 ( )2y Kε γ=  

 
2yd dy

K
γδ ε  = =  

 
dy  

 
2 2 3 2

20
03 3

L
L y ydy

K K
γ γδ

  = = =      
∫

3

2

L
K

γ
...........................................Ans. 
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2

3y
yP W V πργ γ= = =  2

yA πρ=  

 
2

2

3
3

y

y

P dy y yd d
A E E E

γπρ γδ
πρ

= = =y dy  

 
2 2

0
03 6

L
L y ydy

E E 6
L
E

γ γ γδ  = = 
 ∫ = ................................................Ans. 
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 ( )2 250 30 4 1256.6 mmAA π= − = 2  

 ( )2 220 4 314.16 mmCA π= =  

 
( )( )

( )( )
3

6 9

75 10 400
0.3411 mm

1256.6 10 70 10A
PL
AE

δ
−

×
= = =

× ×
 

 
( )( )

( )( )
3

6 9

75 10 500
1.7052 mm

314.16 10 70 10C
PL
AE

δ
−

×
= = =

× ×
 

For the tapered section:  ( )0.01 1 2yρ = +

  ( ) (2 22 0.01 1 2A yπρ π= = + )

 
( )

( ) ( ) ( )
( )

( )

3 3

2 2 29

75 10 3.4105 10

0.01 1 2 70 10 1 2y

dy dyPdyd
A E y y

δ
π

−×
= = =

+ × +
 

 
( )

( )
( ) ( )

( )

0.75
0.753 3

20
0

3

13.4105 10 3.4105 10
2 1 21 2

1.0231 10  m 1.0231 mm

dy
yy

δ − −

−

  −
= = 

  ++ 

= =

∫
 

 0.3411 1.0231 1.7052total A B Cδ δ δ δ= + + = + +  

 3.0694 mm 3.07 mmtotalδ ≅ ............................................................................................... Ans. 
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(a)  ( )( )300 3 900  lbP dL L Lτπ π π= = =

  0 in. 15 in.L≤ ≤
 
 
 
 
 
 
 

(b)  ( ) ( )900 15  lbxP d L x xτπ π= − = −

 
( )
( )

( )2

900 15
=400 15  psi

3 4
x

x

xP x
A

π
σ

π

−
= = −  

 0 in. 15 in.x≤ ≤  

(c) 
( )( ) ( )( )

( )6

400 15 2 0.30 600
30 10

x y z
x

x
E

σ νσ νσ
ε

− − − −
= =  

 (Both xσ  and yσ  are compressive, therefore xε  will be a shrink.) 

 ( )
( ) ( )

( )
2

15 15

6

5640 15 200 2251 1 5640 400  in.
30 10xx x

x x
ds s ds

E E
δ ε

− − −
= = − =∫ ∫  

  0 in. 15 in.x≤ ≤
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(a)  ( )
8

0.300x x
P dτπ= ∫ s

 
( )

( )( )( )( )
8

2
1 400 1 sin 28 tan 28 0.300

0.300 4
x

x x

P s d
A

σ π
π

= = − ° °∫  s

 ( )
2 2

2 281504.46 752.23 64  N/m
2 2x

x xσ
 

= − = − 
 

 

 0 m 8 mx≤ ≤  
 

(b) 
( )( ) ( )( )( )

( )
2

9

752.23 64 2 0.30 400 1 sin 28

13 10
x y z

x

x
E

σ νσ νσ
ε

− − −− −
= =

°
 

 ( ) ( )6 83.6935 10 5.7864 10x
2xε − −= −  

 
 
 
 
 
 
 
 
 
 
 

 ( ) ( )8 8 6 83.6935 10 5.7864 10xx x
ds s dsδ ε − − = = − ∫ ∫ 2  

 ( )( ) ( )( )6 83.6935 10 8 1.9288 10 8  mx xδ − −= − − 3 3−   0 m 8 mx≤ ≤

(c) ( )2
0 0.300 4xP σ π==  

 ( )22752.23 0.300 4L π=  

  253.1721  NP L=
  0 m 8 mL≤ ≤
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0 :xF→Σ =   cos 60 0BC ABT T° − =

0 :yF↑Σ =   sin 60 16 0BCT ° − =

  9.2376 kip (T)ABT =

  18.4752 kip (T)BCT =

(a) 
( )( )
( )( )

9.2376 80
0.11620 in.

0.6 10,600AB
PL
AE

δ = = =  

 0.1162 in. (stretch)ABδ ≅ ................................................................................................... Ans. 

 
( )( )
( )( )
18.4752 160

0.08155 in.
1.25 29,000BCδ = =  

 0.0815 in. (stretch)BCδ ≅ ................................................................................................... Ans. 

(b) sin 60 BCa δ° =   0.07062 in.a =

 cos 60 BCb δ° =   0.04077 in.b =

 tan 60 ABb
c
δ+

° =   0.09063 in.c =

 

 0.1162 in. B ABu δ= = → ........................................... Ans. 

 ........................................... Ans. 0.1613 in. Bv a c= + = ↓
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0 :xF→Σ =   cos 45 50cos55 0AB BCT F° − + ° =

0 :yF↑Σ =   sin 45 50sin 55 0ABT ° − ° =

  57.9228 kN (T)ABT = 69.6364 kN (C)BCF =  

(a) 2 21 1 1.41421 mABL = + =  

 
( )( )
( )( )

3

6 9

57.9228 10 1414.21
1.89619 mm

450 10 96 10AB
PL
AE

δ
−

×
= = =

× ×
 

 1.896 mm (stretch)ABδ ≅ .................................................. Ans. 

 
( )( )
( )( )

3

6 9

69.6364 10 1000
0.26681 mm

1450 10 180 10BCδ
−

×
= =

× ×
 

 0.267 mm (shrink)BCδ ≅ .................................................. Ans. 

(b) sin 45 ABa δ° =   1.34081 mma b= =

 cos 45 ABb δ° =   1.34081 mmb =

 tan 45 BCb
c
δ+

° =   1.60761 mmc =

 0.267 mm B BCu δ= = → ........................................... Ans. 

 ............................................. Ans. 2.95 mm Bv a c= + = ↓
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0 :xF→Σ =   cos 25 cos 20 0BC ACT T° − ° =

0 :yF↑Σ =   sin 25 sin 20 220 0BC ACT T° + °− =

  281.9768 lb (T)ACT = 292.3648 lb (T)BCT =  

(a) 
( )
( )

281.9768
18,798 psi 18.80 ksi (T)

0.015AC
P
A

σ = = = ≅ ............. Ans. 

 

 
( )
( )

292.3648
19,491 psi 19.49 ksi (T)

0.015BCσ = = ≅ ........................................................... Ans. 

(b) 20 cos 20 21.28356 ft 255.4027 in.ACL = ° = =  

 20 cos 25 22.06956 ft 264.8107 in.BCL = ° = =  

 
( )( )
( )( )3

281.9768 255.4027
0.16556 in.

0.015 29,000 10AC
PL
AE

δ = = =
×

 

 0.1656 in. (stretch)ACδ ≅ ................................................................................................... Ans. 

 
( )( )
( )( )3

292.3648 264.8107
0.17798 in.

0.015 29,000 10BCδ = =
×

 

 0.1780 in. (stretch)BCδ ≅ ................................................. Ans. 

(c) cos 45 0.11707 in.ACa δ= ° =  

 sin 45 0.11707 in.ACb δ= ° =  

 sin 20 0.05662 in.ACd δ= ° =  

 cos 45 BCb
c
δ+

° =   0.41726 in.c =

  cos 20 0.39210 in.e c= ° =

 ............................................. Ans. 0.449 in. Cv d e= + = ↓
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 ( )1tan 2.5 6 22.6199θ −= = °  2 22.5 6 6.5000 mABL = + =  

 ( )1tan 4.5 6 36.8699φ −= = °  2 24.5 6 7.5000 mACL = + =  

0 :xF→Σ =  cos cos 0AB ACT Fθ φ− =  

0 :yF↑Σ =  sin sin 100 0AB ACT Fθ φ+ − =  

  92.8571 kN (T)ABT = 107.1432 kN (C)ACF =  

(a) 
( )
( ) ( )

3
6 2

6

92.8571 10
149.8 10  N/m

620 10AB
P
A

σ
−

×
= = =

×
 

 149.8 MPa (T)ABσ = ........................................................................................................... Ans. 

 
( )
( ) ( )

3
6 2

6

107.1432 10
107.1 10  N/m 107.1 MPa (C)

1000 10ACσ
−

×
= = =

×
.................................. Ans. 

(b) 
( )( )
( )( )

3

6 9

92.8571 10 6500
4.86751 mm

620 10 200 10AB
PL
AE

δ
−

×
= = =

× ×
 

 4.87 mm (stretch)ABδ ≅ ...................................................................................................... Ans. 

 
( )( )
( )( )

3

6 9

107.1432 10 7500
4.01787 mm

1000 10 200 10ACδ
−

×
= =

× ×
 

 4.02 mm (shrink)ACδ ≅ ........................................... Ans. 

(c) 180 90 30.5102β θ φ= °− − − ° = °  

 cos 3.21430 mmACa δ φ= =  

 sin 2.41072 mmACb δ φ= =  

 sin 2.03984 mmACd δ β= =  

 8.01746 mm
cos
AB de δ

β
+

= =  

 cos 6.41397 mmf e φ= =  

 sin 4.81048 mmg e φ= =  

 ...................................................................... Ans. 1.596 mm 1.596 mm Au a g= − = − = ←

 ..................................................................................................... Ans. 8.82 mm Av b f= + = ↓
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0 :xF→Σ =   sin 30 sin 45 0BC ACT T° − ° =

0 :yF↑Σ =   cos30 cos 45 10 0BC ACT T° + °− =

  5.17638 kip (T)ACT =

  7.32051 kip (T)BCT =

(a) 
( )( )
( )( )
5.17638 10 12

0.17976 in.
0.326 10,600AC

PL
AE

δ
×

= = =  

 0.1798 in. (stretch)ACδ ≅ ................................................................................................... Ans. 

 
( )( )
( )( )
7.32051 15 12

0.08944 in.
0.508 29,000BCδ

×
= =  

 0.0894 in. (stretch)BCδ ≅ ................................................Ans. 

(b) cos 45 0.12711 in.ACa δ= ° =  

 sin 45 0.12711 in.ACb δ= ° =  

 sin15 0.04653 in.ACc δ= ° =  

 cos15 0.17363 in.ACd δ= ° =  

 0.04291 in.BCe cδ= − =  

 cos15 0.04443 in.f e= ° =  

  cos 45 0.03142 in.g f= ° = 0.0957 in. Cu a h= − = → .............................. Ans. 

  sin 45 0.03142 in.h f= ° = 0.1585 in. Cv b g= + = ↓ ................................ Ans. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

5-30  

(a) ( )61500 10
375

B
B L

δδε −= = =  

 0.56250 mmB bδ = =  

 ( )250 150 0.937 mm Cv c b= = = ↓ ..................Ans. 

(b) ( )50 150 0.18750 mmA a bδ = = =  

 
( )

( )( )6 9

200
0.18750 mm

1250 10 200 10
A

A

T
δ

−
= =

× ×
 

  234,375 NAT =

 
( )

( )( )6 9

375
0.56250 mm

940 10 100 10
B

B

T
δ

−
= =

× ×
 

  141,000 NBT =

0 :DMΣ =  ( ) ( )250 150 141.000 50 234.375 0P − − =  

 .......................................................................................................................... Ans. 131.5 kNP =
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 ( )( )6680 10 72 0.048960 in. 0.0490 in.CD CD CDLδ ε −= = × = ≅ .................................. Ans. 

 
( )

( )( )
6 12

0.048960 in.
2.5 29,000

CD
CD

TPL
AE

δ
×

= = =  

  49.300 kip (T)CDT =

 sin 4 5CDθ =  cos 3 5CDθ =  

 sin 12 13ADθ =  cos 5 13ADθ =  

 sinCD BD BDδ δ θ=  sinAD BD ADδ δ θ=  

 0.061200 in. 0.0612 in.BDδ = ≅ ............................................Ans. 

 0.056492 in. 0.0565 in.ADδ = ≅ ............................................Ans. 

 
( )

( )( )
6 12

0.061200 in.
2.5 6500
BD

BD

T
δ

×
= =  

  13.8125 kip (T)BDT =

 
( )

( )( )
6 12

0.056492 in.
2.5 26,000

AD
AD

T
δ

×
= =  

  51.0000 kip (T)ADT =

0 :yF↑Σ =  sin sin 0CD CD AD AD BDT T T Pθ θ+ + − =  

 .......................................................................................................................... Ans. 100.3 kipP =
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  ( )( )6625 10 5000 3.12500 mmA A ALδ ε −= = × =

 ( )sin 3 5A Aa aδ θ= =  

  5.20833 mma =
 

 ( )5 4 6.51 mm d a= = ↓ .................................... Ans. 
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0 :xF→Σ =   30 cos 45 cos60 0BC ABF T− °− ° =

0 :yF↑Σ =   sin 45 sin 60 0BC ABF T° − ° =

  21.9615 kip (T)ABT = 26.8973 kip (C)BCF =  

(a) 
( )
( )max

21.9615
17.57 ksi (T)

1.25AB
P
A

σ = = = ..........................Ans. 

 max max 2 8.78 ksiAB ABτ σ= = .............................................................................................. Ans. 

(b) 
( )
( )max

26.8973
10.76 ksi (C)

2.50BCσ = = ................................................................................. Ans. 

 max max 2 5.38 ksiBC BCτ σ= = .............................................................................................. Ans. 

(c) 30 sin 60 34.6410 in.ABL = ° =  30 sin 45 42.4264 in.BCL = ° =  

 
( )( )
( )( )

21.9615 34.6410
0.0574166 in.

1.25 10,600AB
PL
AE

δ = = =  

 0.0574 in. (stretch)ABδ ≅ ................................................................................................... Ans. 

 
( )( )

( )( )
26.8973 42.4264

0.0157401 in.
2.5 29,000BCδ = =  

 0.01574 in. (shrink)BCδ ≅ .................................................................................................. Ans. 

(d) cos30 0.0497242 in.ABa δ= ° =  

 sin 30 0.0287083 in.ABb δ= ° =  

 sin15 0.0148605 in.ABc δ= ° =  

 0.0316800 in.
cos15

BCcd δ+
= =

°
 

  cos30 0.0274657 in.e d= ° =
  sin 30 0.0158400 in.f d= ° =

 ......................................... Ans. 0.0561 in. Bu b e= + = →

 .......................................... Ans. 0.0339 in. Bv a f= − = ↑
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( )

( )

2 2

3 2

0.100 0.050
4

5.89049 10  m

AA
π

−

−
=

=

 

( )

( )

2

3 2

0.050
4

1.96350 10  m

BA
π

−

=

=
 

0 :yF↑Σ =   500 0A BF T+ − =

  (a) 500 kNA BF T+ =

 A Bδ δ=  

 
( )

( )( )
( )

( )( )3 9 3

1500 2000
5.89049 10 100 10 1.96350 10 200 10

A BF T
− −

=
× × × × 9

 

  (b) 2.000AF = BT

  333.333 kN (C)AF = 166.6667 kN (T)BT =  

(a) 
( )
( ) ( )

3
6 2

3

333.333 10
56.6 10  N/m 56.6 MPa (C)

5.89049 10A
P
A

σ
−

×
= = = =

×
.............................. Ans. 

 
( )
( ) ( )

3
6 2

3

166.6667 10
84.9 10  N/m 84.9 MPa (T)

1.96350 10BCσ
−

×
= = =

×
..................................... Ans. 

(b) 
( )( )

( )( )
3

3 9

166.6667 10 2000
0.849 mm 

1.96350 10 200 10C Bv δ
−

×
= = =

× ×
↓ ............................................... Ans. 
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0 :yF↑Σ =   2 700 0S WF F+ − =

  (a) 2 700 kipS WF F+ =

 S Wδ δ=  

 
( )

( )( )
( )

( )( )
20 20

2 7.5 29,000 7.5 7.5 1800
S WF F

=
× ×

 

  (b) 4.29630SF = WF

  72.9730 kip (C)WF = 313.5138 kip (C)SF =  

(a) 
( )
( )
72.9730

1.297 ksi (C)
7.5 7.5W

P
A

σ = = =
×

..................................... Ans. 

 
( )
( )
313.5138

20.9 ksi (C)
2 7.5Sσ = =
×

........................................................................................ Ans. 

(b) 
( )( )
( )( )

313.5138 20
0.01441 in.

2 7.5 29,000Sδ = =
×

.............................................................................. Ans. 
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  (a) 90 NS CT T+ =

 S Cδ δ=  

 
( ) ( ) ( ) ( )22 2 9 92 1.5 4 14 10 1.5 4 7 10

S CT L T L
π π

=
   − × ×   

 

  (b) 1.55556ST = CT

 ...................................................................................................................... Ans. 35.2 N (T)CT =

 ...................................................................................................................... Ans. 54.8 N (T)ST =
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  (a) 2 40 B CT T+ = kip

 B Cδ δ=  

 
( )

( )( )
( )

( )( )
36 36

2 10,600 2 28,000
B CT T

=  

  (b) 1.32075CT = BT

  12.0455 kip (T)BT =

  15.9090 kip (T)CT =

 
( )

( )
12.0455

6.02 ksi (T)
2B

P
A

σ = = = .................................................................................. Ans. 

 
( )

( )
15.9090

7.95 ksi (T)
2Cσ = = .......................................................................................... Ans. 
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0 :DMΣ =   ( )250 5 50 150 0A BT T− − =

  (a) 3 25 kA BT T+ = N

  3b a=
 3B Aδ δ=  

 
( )

( )( )
( )

( )( )6 9 6

400 200
3

80 10 200 10 80 10 200 10
B AT T
− −

=
× × × × 9

 

  (b) 1.5BT = AT

(a) .....................................Ans. 4.5455 kN 4.55 kN (T)AT = ≅

 ................................................................................................................... Ans. 6.82 kN (T)BT =

(b) 
( )( )
( )( )

3

6 9

4.5455 10 200
5 5 5 1.136 mm 

80 10 200 10C Av a δ
−

 ×
 = = = =

× ×  
↓ ....................................... Ans. 
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  (a) 150 kipAB BCT F+ =

 AB BCδ δ=  

 
( )

( ) ( )
( )

( ) ( )2 2

24 24

2.25 4 10,600 3.2 4 10,600
AB BCT F

π π
=

   
   

 

  (b) 2.02272BC ABF = T

  49.6242 kip (T)ABT = 100.3758 kip (C)BCF =  

(a) 
( )( )
( ) ( )2

49.6242 24
0.02826 in. 0.0283 in. 

2.25 4 10,600
B ABu δ

π
= = = ≅

 
 

→ ......................... Ans. 

(b) ( )60.02826 1177.425 10 1177 in./in.
24

AB
AB

ABL
δε µ−= = = ≅ ............................................ Ans. 

(c) ( )( ) ( )6 60.33 1177.425 10 388.550 10  in./in.d ABε νε − −= − = − × = −  

 ( )( ) ( )6388.550 10 2.25 0.874 10  in.d d dδ ε −= = − × = − 3− ............................................ Ans. 
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  ( )4500 9.81 44,145 N 44.145 kNW = = =

0 :yF↑Σ =   44,145 0A BT T+ − =

0 :AMΣ =   ( )3000 1000 44.145 0BT − =

  29.430 kNAT = 14.715 kNBT =  

 A Bδ δ=  

 
( )( )

( )
( )( )

( )
3 3

2 9 2

29.430 10 1200 14.715 10 1800

4 70 10 4 200 10A Bd dπ π

× ×
=

   × ×   
9

 

 1.952A Bd d = ........................................................................................................................ Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

5-41*  
  (a) 40 kipB AT T= +

  (b) 10 kipC AT T= −

 0A B Cδ δ δ+ + =  (c) 

 
( )

( ) ( )
( )( )
( ) ( )

( )( )
( ) ( )2 22 2

20 40 24 10 24
0

2.5 2 4 30,000 2 4 10,000 1 4 10,000
A A AT T T

π π π

+ −
+ +

     −     

=  

   0 kipAT = 40 kip (T)BT = 10 kip 10 kip (C)CT = − = −  

(a) 0 ksiA
P
A

σ = = ....................................................................................................................... Ans. 

 
( )
( )2

40
12.73 ksi (T)

2 4Bσ
π

= = ........................................................................................... Ans. 

 
( )
( )2

10
12.73 ksi 12.73 ksi (C)

1 4Cσ
π

−
= = − = ................................................................... Ans. 

(b) 
( )( )

( ) ( )2

10 24
0.0306 in. 0.0306 in. 

1 4 10,000
a a Cu δ

π
−

−
= = = − = →

 
 

.............................. Ans. 
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  (a) 30 kNs aF F+ =

 s aδ δ=  

 
( )( ) ( )( )9 90.025 0.100 200 10 0.100 0.100 73 10

s aF L F L
=

× × × ×
 

  (b) 1.4600aF = sF

  12.1951 kN (C)sF =

  17.8049 kN (C)aF =

 
( ) ( )12.1951 12.5 17.8049 75

49.6 mm
30

x
+

= = ...................................Ans. 
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  (a) 95 kipA BT F+ =

 0.015 in.A Bδ δ= +  

 
( )

( )( )
( )

( )( )
72 24

0.015
1.25 30,000 3.75 15,000

A BT F
= +  

  (b) 0.22222 7.8125 kipA BT F= +

  23.6648 kip (T)AT =

  71.3352 kip (C)BF =

(a) 
23.6648 18.93 ksi (T)

1.25A
N
A

σ = = = .................................................................................. Ans. 

 
71.3352 19.02 ksi (C)

3.75B
N
A

σ = = = .................................................................................. Ans. 

(b) 
( )( )
( )( )

23.6648 72
0.0454 in. 

1.25 30,000C Av δ= = = ↓ ..................................................................... Ans. 
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 P BT T=  (a) 

 0.15 mmP Bδ δ+ =  (b) 

 
( )

( ) ( )
( )

( ) ( )2 29 9

200 400
0.15

0.15 4 2.1 10 0.045 4 100 10
P BT T

π π
+ =

   × ×   

 

  18,976.74 NP BT T= =

(a) 
( )

( )6 2
2

18,976.74 1.074 10  N/m
0.15 4

P
N
A

σ
π

= = =  

 1.074 MPa (T)Pσ = ...............................................................Ans. 

 
( )

( )6 2
2

18,976.74 11.93 10  N/m 11.93 MPa (T)
0.045 4

B
N
A

σ
π

= = = = ................................ Ans. 

(b) 
( )( )
( ) ( )2 9

18,976.74 200
200 200 200.1023 mm

0.15 4 2.1 10
Px δ

π
= + = + =

  × 

.............................. Ans. 
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0 :AMΣ =   ( )2 4 6 1000 0B CT T+ − =

  (a) 2 3000 0B CT T+ = =

 ( )cos cosB b Lδ θ θ= = ∆ θ  ( )( )1 3 48 16 in.BL = =  

 ( )cos 2 cosC c Lδ θ θ= = ∆ θ  ( )( )2 3 48 32 in.CL = =  

 2C Bδ δ=  (b) 

 
( )

( )( )
( )

( )( )
32 16

2
0.3 29,000 0.3 29,000

C BT T
=  

  1.000 kip (T)B CT T= =

 
( ) ( )
( )( )

1.000 1 48 3
0.001839 in.

0.3 29,000Bδ
  = = ......................... Ans. 

 2 0.00368 in.C Bδ δ= = ...................................................... Ans. 
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0 :xF→Σ =  0xC =  

0 :yF↑Σ =   225 0y AD BC T F+ + − =

0 :CMΣ =  ( )500 1350 1350 225 0AD BT F+ − =  

  (a) 10 27 6075 kNAD BT F+ =

 ( )1350 500B ADδ δ=  

 
( )

( )( )
( )

( )( )6 9 6

375 4501350
5004500 10 12 10 300 10 200 10

B AF T
− − 9

D
    =  × × × ×    

 

  (b) 2.91600BF = ADT

  68.4646 kNADT = 199.6427 kNBF =  

   0 kNxC = 43.1073 kNyC = − 2 2 43.1073 kNx yC C C= + =  

(a) 
( )

( ) ( )
3

6 2
6

68.4646 10
228 10  N/m

300 10AD
N
A

σ
−

= = =  

 228 MPa (T)ADσ = .............................................................................................................. Ans. 

 
( )

( ) ( )
3

6 2
6

199.6427 10
44.4 10  N/m 44.4 MPa (C)

4500 10Bσ −
= = = .......................................... Ans. 

(b) 
( )

( )
( )

3
6 2

2

43.1073 10
68.6 10  N/m 68.6 MPa

2 0.020 4
C

V
A

τ
π

= = = =
 
 

..................................... Ans. 

(c) 
( )( )
( )( )

3

6 9

68.4646 10 450
0.513 mm 

300 10 200 10D ADv δ
−

×
= = =

× ×
↓ ..................................................... Ans. 
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  (a) 5 200 kipS CF F+ =

 S Cδ δ=  

 
( ) ( ) ( )2 45001 4 29,000

S

C

F L F L
Aπ

=
 
 

C  (b) 

 ( )22 5 1 4CA b π= − 

  (c) 

If ( ) ( )2
max 18 1 4 14.1372 kipS S SF F Aσ π = = = =  , then 

   129.3142 kipCF = 246.2977 in.CA = 7.09 in.b =  

and max
129.3142 2.79 ksi 1.4 ksi
46.2977C

F
A

σ = = = > =Cσ  (not correct guess) 

If max 1.4 ksiC C C CF Aσ σ= = = , then 

     7.0860 kipSF = 164.5698 kipCF = 2117.5499 in.CA = 11.02 in.b =

and 
( ) max2

7.0860 9.02 ksi 18 ksi
1 4

S
F
A

σ
π

= = = < =Sσ  (correct guess) 

Therefore .............................................................................................................. Ans. 11.02 in.b =
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 2 s aT F=  (a) 

 1 mms aδ δ+ =  (b) 

 
( )

( )( )
( )

( )( )6 9 6 9

330 251
1 mm

120 10 190 10 625 10 73 10
s aT F
− −

+ =
× × × ×

 

  ( )339.2520 10  N 39.2520 kNsT = =

  ( )378.5040 10  N 78.5040 kNaF = =

(a) 
( )

( ) ( )
3

6 2
6

39.2520 10
327 10  N/m

120 10s
N
A

σ
−

= = =  

 327 MPa (T)sσ = ................................................................................. Ans. 

 
( )

( ) ( )
3

6 2
6

78.5040 10
125.6 10  N/m 125.6 MPa (C)

625 10aσ −
= = = ........................................ Ans. 

(b) 
( )( )
( )( )

3

6 9

78.5040 10 251
0.432 mm (shrink)

625 10 73 10aδ −

×
= =

× ×
........................................................ Ans. 
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 s bT F=  (a) 

 0.020 in.b sδ δ+ =  

 
( )

( )( )
( )

( ) ( )2

6 6
0.02 in.

0.375 15,000 0.5 4 30,000
b sF T

π
+ =
 
 

 

  (b) 9.59114 kips bT F= =

 
( )2

9.59114 48.8 ksi (T)
0.5 4

s
N
A

σ
π

= = = .............................................Ans. 

 
9.59114 25.6 ksi (C)

0.375bσ = = ...........................................................Ans. 
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Initially, bar CE  is not connected to bar  ABCD ( )0CET =  and  

the load  is applied to the end of bar .  Then 50=  kNP ABCD
0 :AMΣ =   ( )320 50 80 0BFT− =

  200 kNBFT =

 
( )( )

( )( )
3

6 9

200 10 1000
0.79365 mm

1200 10 210 10BFδ
−

×
= =

× ×
 

 

At this point, bar CE  is connected to bar  ABCD ( )0CET ≠  and  

the applied load  is removed ( .  Then P )0P =

0 :AMΣ =   240 80 0CE BFT T− =

  (a) 3BF CET T=

 3 3 BFc b δ= =  

 ( )3 0.79365 2.38095CE CEc δ δ= − = −  

 3 2.38095BF CEδ δ= −  (b) 

 
( )

( )( )
( )

( )( )6 9 6

1000 600
3 2.38095

1200 10 210 10 900 10 73 10
BF CET T

− −

 
  = −

× × × ×  
9

 

  ( )3159.2727 10  N 159.2727 kNBFT = =

  ( )353.0909 10  N 53.0909 kNCET = =

(a) 
( )

( ) ( )
3

6 2
6

53.0909 10
59.0 10  N/m

900 10CE
N
A

σ
−

= = =  

 
( )

( ) ( )
3

6 2
6

53.0909 10
59.0 10  N/m 59.0 MPa (T)

900 10CE
N
A

σ
−

= = = = ................................. Ans. 

(b) 
( )( )
( )( )

3

6 9

159.2727 10 1000
0.63203 mm

1200 10 210 10BFδ
−

×
= =

× ×
 

 ..................................................................................... Ans. 4 4 2.53 mm D BFv d b δ= = = = ↑
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0 :CMΣ =   8 5A BT T− = 0

  (a) 1.6BT = AT

 ( ) ( )(8 5 8 5 0.1A Bb )δ δ= = −  

  (b) ( )1.6 0.1  in.Aδ δ= − B

 
( )

( )
( )

( )( )
60 60

1.6 0.1
0.5 29,000 1.2 15,000

A BT T 
= − 

 
 

  12.6270 kipAT = 20.2032 kipBT =  

(a) 
12.6270 25.3 ksi (T)

0.5A
N
A

σ = = = .........................Ans. 

(b) 
( )( )
( )( )
12.6270 60

0.0523 in. 
0.5 29,000A Av δ= = = ↑ ....................................................................... Ans. 
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 ( ) ( )2 6 20.030 4 706.858 10  mA π −= =  

  (a) ( )6  kNBC ABT T= −

  (b) ( )3  kNCD ABT T= −

 0AB BC CDδ δ δ+ + =  (c) 

 
( ) ( ) ( )
( )( )6 9

1000 1000 1000
0

706.858 10 73 10
AB BC CDT T T

−

+ +
=

× ×
 

  ( ) ( )6 3AB AB ABT T T+ − + − = 0

   3 kNABT = 3 kNBCT = − 0 kNCDT =  

(a) 
( ) ( )6 2

6

3000 4.24 10  N/m 4.24 MPa (T)
706.858 10AB

N
A

σ
−

= = = = ............................... Ans. 

 4.24 MPa (C)BCσ = ........................ 0 MPaCDσ = .......................................................... Ans. 

(b) max max 2 2.12 MPaτ σ= = .................................................................................................. Ans. 

(c) 
( )( )

( )( )6 9

3000 1000
0.058139 mm 0.0581 mm (shrink)

706.858 10 73 10BCδ
−

= = ≅
× ×

............ Ans. 

(d)  ( )2 1E Gν= + ( )( )73 2 1 28ν= +  0.30357ν =  

 ( )60.058139 58.139 10  m/m
1000BC L

δε −−
= = = −  

 ( )( ) ( )6 60.30357 58.139 10 17.649 10  m/mdBC BCε νε − −= − = − − × = +  

 ( )( ) ( )6 317.649 10 30 0.529 10  mm (expands)d d dδ ε − −= = + × = + ........................... Ans. 

(e) 0.0581 mm (stretch)AB BCδ δ= − = +  

 ( )60.058139 58.139 10  m/m 58.1 m/m
1000AB L

δε µ−+
= = = + ≅ + ................................... Ans. 
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0 :xF→Σ =  0xC =  

0 :yF↑Σ =  10 0A B yF F C+ − + =  

0 :CMΣ =   ( )5.5 10 8 3 0A BF F− − =

  (a) 8 3 55 kipA BF F+ =

 ( )8 3A Bδ δ=  

 
( )

( )( )
( )

( )( )
48 368

2.25 10,600 3 1.75 28,000
A BF F 

=  
 

 

  (b) 1.02725BF = AF

  4.96311 kipAF = 5.09835 kipBF =  0.06146 kipyC = −  

(a) 
4.96311 2.2058 ksi 2.21 ksi (C)

2.25A
N
A

σ = = = ≅ ............................................................ Ans. 

 
5.09835 2.9133 ksi 2.91 ksi (C)

1.75Bσ = = ≅ ..................................................................... Ans. 

(b) max 2 1.103 ksiA Aτ σ= = ....................... max 2 1.457 ksiB Bτ σ= = .............................. Ans. 

(c) 2 2 61.46 lbx yC C C= + =  

 
( )2

61.46 156.5 psi
2 0.5 4

C
V
A

τ
π

= = =
 
 

................................................................................  Ans. 

(d) 
( )( )
( )( )

10 4.96311 481010 0.01249 in. 
8 8 8 2.25 10,600

A
Dv a δ
= = = = ↓ ............................................. Ans. 
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0 :FMΣ =   300 50 100 0D CP F T− − =

  (a) 2 6D CF T+ = P
 

  ( )2 0.09  mC Dδ δ= + m

 
( )

( )( )
( )

( )( )6 9 6 9

300 150
2 0

600 10 200 10 2500 10 100 10
C DT F
− −

 
 = +

× × × ×  
.09  

  (b) 0.48000 72,000 NC DT F= +
Guess that  

 ( )( )
max

6 6215 10 600 10 129,000 N
C CT T Aσ

−

= =

= × × =
 

Then  118,750 NDF = 62,792 NP =  

and 
( ) ( )6 2

6

118,750 47.5 10  N/m 47.5 MPa
2500 10D

N
A

σ
−

= = = =  

Since max47.5 MPa 95 MPaDσ σ= < = , the guess was correct and 

 ....................................................................................................................... Ans. max 62.8 kNP =
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 s bT F=  (a) 

 
0.125

360s b nut
θδ δ+ = ∆ =  (b) 

  

 
( )

( )( )
( )

( )( )
14 12 0.125

0.785 30,000 1.767 15,000 360
s bT F θ

+ =  

 0.33156  kips bT F θ= =  

(a) 
0.33156 0.42237  ksi (T)

0.785s
N
A

θσ θ= = =  

 
0.33156 0.18764  ksi (C)

1.767b
θσ θ= =  

(b) 
( )( )
( )( ) ( )30.33156 14

0.19711 10  in.
0.785 30,000s

θ
δ θ −= =  

 
( )( )
( )( ) ( )30.33156 12

0.15011 10  in.
1.767 15,000b

θ
δ θ −= =  

(c)  ( )312 12 0.15011 10  in.bL δ θ −= − = −
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0 :CMΣ =   200 125 0A BT T− =

  (a) 1.6BT = AT

 ( ) ( )( )200 125 200 125A nut Bbδ δ= = ∆ −  

  ( )1.6  mmA nut Bδ δ= ∆ −

 
( )

( )( )
( )

( )( )6 9 6

1500 15002.51.6
360350 10 200 10 750 10 100 10

A BT Tθ
− − 9

 
 = −

× × × ×  
 

 1.49333 518.5185  NA BT T θ+ =  (b) 

 152.9854  NAT θ=  

 244.7766  NBT θ=  

(a) ( )6 2
6

152.9854 0.43710 10 N/m
350 10A

N
A

θσ θ−= = =
×

 

 

 

( )
6

6 2

244.7766
750 10

0.0.32637 10 N/m

A
N
A

θσ

θ

−= =
×

=
 

(b) 
( )(

( )(
)
)6 9

152.9854 1500
350 10 200 10A Av

θ
δ

−
= =

× ×
 

  ( )33.27826 10  mmAv θ −=

(c) ( )6tan 16.6913 10
200

Aδφ θ −= =  
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0 :CMΣ =   5 10 6A BP T F− − = 0

  (a) 10 6 5A BT F+ = P

 ( )( ) ( )10 6 0.009 10 6 0.015 in.A B Bδ δ δ= + = +  

If 0.015 in.Aδ ≤ , then  

   0BF = 0Bσ =  0Bδ =

 2AT P=   2 4A AT Pσ = =

and 
( )( )
( )( )

2 50
0.00125  in.

2 10,000A

P
Pδ = =  

If 0.015 in.Aδ ≥ , then 

  (a) 10 6 5A BT F+ = P

 ( )10 6 0.015 in.A Bδ δ= +  (b) 

 
( )

( )( )
( )

( )( )
50 1510 0.015

2 10,000 6 12 15,000
A BT F 

= + 
 

 

  ( )0.042373 5.4915  kipAT P= +

  ( )0.76271 9.15254  kipBF P= −

(a) ( )0.042373 5.4915 0.02119 2.74575  ksi (T)
2A
P Pσ +

= = +  

 

( )

0.76271 9.15254
12

0.06356 0.76271  ksi (C)

B
P

P

σ −
=

= −
 

(b) 
( )

( )( )
( )0.042373 5.4915 50

in.
2 10,000A

P
δ

+
=  

 
( )

( )( )
( )0.76271 9.15254 50

in.
12 15,000B

P
δ

−
=  

(c) 1tan
10

Aδθ −=  
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0 :FMΣ =   300 50 100 0D CP F T− − =

  (a) 2 6D CF T+ = P

  ( )2 0.09  mC Dδ δ= + m

If 0.18 mmCδ ≤ , then  

   0DF = 0Dσ =  0Dδ =

  3CT P=

 
( ) ( )6 2

6

3 0.00500 10  N/m
600 10C

P Pσ
−

= =  

and 
( )( )

( )( ) ( )6
6 9

3 300
20.5480 10  mm

600 10 73 10C

P
Pδ −

−
= =

× ×
 

If 0.18 mmCδ ≤ , then 

  (a) 2 6D CF T+ = P

  ( )2 0.09  mC Dδ δ= + m

 
( )

( )( )
( )

( )( )6 9 6 9

300 150
2 0

600 10 73 10 2500 10 100 10
C DT F
− −

 
 = +

× × × ×  
.09  mm  

  (b) (0.17520 26, 280  NC DT F= + )
  ( )0.77844 19,831  NCT P= +

  ( )4.44313 39,662  NDF P= −

(b) 
( )(
( )( )

)
6 9

0.77844 19,831 300
mm

600 10 73 10C

P
δ

−

+
=

× ×
 

 
( )(
( )( )6 9

4.44313 39,662 150
mm

2500 10 100 10D

P
δ

−

−
=

× ×
 

)

(c) 1tan
100

Cδθ −=  
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(a) ( )( ) (60 12.5 10 100 80
10,600

T L
E
σ σδ α −  = = + ∆ = + × −      

)  

 13.25 ksiσ = .......................................................................................................................... Ans. 

(b) 0 (rigid supports)δ = ........................................................................................................... Ans. 

(c) 0 (nothing to exert a force)σ = ........................................................................................ Ans. 

(d) ( )( ) (60 12.5 10 100 80T L
E
σδ α −   = + ∆ = + × −    

)  

 0.1000 in.δ = − ...................................................................................................................... Ans. 
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5-60*  

(a) 
( ) ( )( ) ( )6

9
22.5 10 55 6000 1 mm

70 10
T L

E
σ σδ α −

    = + ∆ = + × − = − 
    

 

 ............................................................................. Ans. ( )6 274.9583 10  N/m 75.0 MPaσ = ≅

(b) 
( )( )

( ) ( )( ) (
6

6
9

0.346 74.9583 10
22.5 10 55 50

70 10d T d
E
νσδ α −

 − ×−   = + ∆ = + × − 
    

)  

 0.0804 mmdδ = − ................................................................................................................. Ans. 
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5-61  
  A SF F= 2 23 4 7.06858 in.AA π= =  

 0total A Sδ δ δ= + =  2 24 4 12.5664 in.SA π= =  

 
F T L
AE

δ α = + ∆ 
 

 

 
( )

( )( ) ( )( ) (612.5 10 80 30
7.06858 10,600

AF − −
+ × 

 
)  

 
( )

( )( ) ( )( ) ( )66.6 10 80 20 0
12.5664 30,000

SF − −
+ + × 
 

=  

  89.4493 kip (both C)A SF F= =

(a) 
89.4493 12.65 ksi (C)
7.06858A

F
A

σ = = = .................................................................................. Ans. 

 
89.4493 7.12 ksi (C)
12.5664Sσ = = .............................................................................................. Ans. 

(b) 
( )( )

( )( ) ( )( ) (60.30 89.4493
6.6 10 80 4

12.5664 30,000d T d
E
νσδ α − − −− = + ∆ = + ×  

   
)  

 0.00240 in.dδ = + .................................................................................................................. Ans. 

(c) 
( )

( )( ) ( )( ) (689.4493
12.5 10 80 30

7.06858 10,600B Au δ − −
= = + × 

 
)  

 ................................................................................. Ans. 0.00581 in. 0.00581 in. Bu = − = ←
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( )
( ) ( )( )

6
6

9

15 10
11.9 10 0

200 10summer T L L
E
σδ α −

    = + ∆ = + × 
    

 

 
( ) ( )( )6

9
11.9 10 40

200 10winter summerLσδ δ−
 
 = + × − =
  

 

 
( ) ( )( ) ( )

( ) ( )( )
6

6 6
9 9

15 10
11.9 10 40 11.9 10 0

200 10 200 10
L Lσ − −

  
  + × − = + ×
    





 

 ................................................................................ Ans. ( )6 2110.2 10  N/m 110.2 MPaσ = =
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 ( )2 20.75 4 0.44179 in.SA π= =  

  ( ) ( )2 210 9 0.44179 96.0239 in.CA = − =

  (a) 9 150 S CF F+ = kip

 S Cδ δ=  

 
( )( )

( )( ) ( )( )(624
6.6 10 100 24

0.44179 30,000
SF −−

+ × )   

 
( )( )

( )( ) ( )( )(624
6.0 10 100 24

96.0239 4500
CF −−

= + × )  

  (b) 32.60305 25.92646 kipS CF F− =

   111.9428 kipCF = 4.22869 kipSF =

(a) 
111.9418 1.166 ksi (C)
96.0239Cσ = = .......................................................................................... Ans. 

 
4.22869 9.57 ksi (C)
0.44179Sσ = = ............................................................................................. Ans. 

(c) 
( )( )

( )( ) ( )( )(64.22869 24
6.6 10 100 24

0.44179 30,000Sδ δ −−
= = + × )  

 0.00818 in.δ = + .................................................................................................................... Ans. 
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 ( )2 250 4 1963.495 mmAB BCA A π= = =  

  (a) 100 kNAB BCT T= +

 0AB BCδ δ+ =  

 
( )( )

( )( ) ( )( )(
3

6
6 9

10 200
11.9 10 20 200

1963.495 10 200 10
ABT

−
−

×
+ × −

× ×
)  

 
( )( )

( )( ) ( )( )( )
3

6
6 9

10 200
11.9 10 20 200 0

1963.495 10 200 10
BCT

−
−

×
+ + ×

× ×
− =  

  (b) 186.9248 kNAB BCT T+ =

   143.4624 kNABT = 43.4624 kNBCT =

 
( )
( ) ( )

3
6 2

6

143.4624 10
73.1 10  N/m 73.1 MPa

1963.495 10ABσ
−

= = = .............................................. Ans. 

 
( )
( ) ( )

3
6 2

6

43.4624 10
22.1 10  N/m 22.1 MPa

1963.495 10BCσ
−

= = = .............................................. Ans. 
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  2C BT T+ =W

If W , then 0=
  (a) 2CT = − BT
But since wires cannot sustain compressive 
forces, neither of the tensions can be negative 
and the only solution of Eq. (a) is 

  0C BT T= =
regardless of any temperature change.  And if the tensions are all zero, the stresses are also all zero 

 0B Cσ σ= = ............................................................................................................................ Ans. 
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0 :xF→Σ =   0xC =

0 :yF↑Σ =   100 0y A BC T T+ + − =

0 :CMΣ =  ( )150 450 450 100 0A BT T+ − =  

  (a) 3 300 kNA BT T+ =
 

 ( )450 150B Aδ δ=  

 
( )

( )( ) ( )( )( )6
6 9

500
22.5 10 25 500

300 10 70 10
BT −
−

 
 + × −

× ×  
 

 
( )

( )( ) ( )( )( )6
6 9

250450 11.9 10 25 250
150 1200 10 210 10

AT −
−

    = + ×  × ×    
−  

  (b) 8 19,530 N 19.530 kNA BT T− = − = −

  212.8555 kNAT = 29.0482 kNBT =  

   0 kNxC = 141.904 kNyC = − 2 2 141.904 kNx yC C C= + =  

(a) 
( )

( ) ( )
3

6 2
6

212.8555 10
177.4 10  N/m 177.4 MPa (T)

1200 10Aσ
−

= = = ...................................... Ans. 

 
( )

( ) ( )
3

6 2
6

29.0482 10
96.8 10  N/m 96.8 MPa (T)

300 10Bσ −
= = = ............................................ Ans. 

(b) max max 2 88.7 MPaA Aτ σ= = .............................................................................................. Ans. 

 max max 2 48.4 MPaB Bτ σ= = .............................................................................................. Ans. 

(c) 
( )

( )
( )

3
6 2

2

141.904 10
226 10  N/m 226 MPa

2 0.020 4
C

V
A

τ
π

= = = =
 
 

....................................... Ans. 

(d) 
( )( )

( )( ) ( )( )(6
6 9

29.0482 500
22.5 10 25 500

300 10 70 10E Bv δ −
−

= = + × −
× ×

)  

 ................................................................................................................. Ans. 0.410 mm Ev = ↓
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5-67  
  2 5C BT T W+ = =  kip
Assume that the wires are adjusted such that the weight is evenly 
supported by the three wires prior to the temperature change.  Then 

 5 3 1.66667 kipC BT T= = =  

 
( )( )
( )( )
1.66667 3 12

0.0082759 in.
0.25 29,000Bδ

×
= =  

 
( )( )
( )( )

1.66667 5 12
0.0188679 in.

0.5 10,600Cδ
×

= =  

After the temperature change of + °  50 F
  (a) 2 5 kiC BT T+ = p
and assuming that the wires stay taught (in tension)  
the additional stretch of the wires must be equal 

 0.0082759 0.0188679B Cδ δ− = −  

 
( )

( )( ) ( )( )( )636
6.6 10 50 36 0.0082759

0.25 29,000
BT − 

+ × − 
 

 

 
( )

( )( ) ( )( )( )660
12.5 10 50 60 0.0188679

0.5 10,600
CT − 

= + × − 
 

 

  (b) 2.27987 3.02647 kipB CT T− =

  2.59469 kipBT = 0.18939 kipCT = −  

But since wires cannot sustain compressive forces, neither of the tensions can be negative.  Therefore, the wire  C
must have become slack, all of the weight is being carried by the wires B , and 

 5 2 2.500 kipBT = =  0 kipCT =  

 
2.500 10.00 ksi
0.25Bσ = = ....................................................................................................... Ans. 

 0 ksiCσ = ................................................................................................................................ Ans. 
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0 :xF→Σ =   0xA =

0 :yF↑Σ =   0y CE BFA T T+ − =

0 :AMΣ =   240 80 0CE BFT T− =

  (a) 3BF CET T=

  3c b= BFb δ=  CEc δ= −  

 ( ) 3CE BFδ δ− =  

 
( )

( )( ) ( )( )( )6
6 9

600
22.5 10 60 600

900 10 73 10
CET −

−

 
 − + × −

× ×  
 

 
( )

( )( ) ( )( )( )6
6 9

1000
3 11.9 10 60 1000

1200 10 210 10
BFT −

−

 
 = + ×

× ×  
−  

  (b) 1.30357 323, 244.00 NCE BFT T+ =

  197,472.87 NBFT = 65,824.29 NCET =  131,648.58 NyA =  

(a) 
( ) ( )6 2

6

197,472.87 164.6 10  N/m 164.6 MPa (T)
1200 10BFσ

−
= = = .......................................... Ans. 

 
( ) ( )6 2

6

65,824.29 73.1 10  N/m 73.1 MPa (T)
900 10CEσ

−
= = = ................................................. Ans. 

(b) 2 2 131,648.58 Nx yA A A= + =  

 
( )

( )6 2
2

131,641.58 186.2 10  N/m 186.2 MPa
0.030 4

Aτ
π

= = = ................................................. Ans. 

 
( )

( )6 2
2

197,472.87 139.7 10  N/m 139.7 MPa
2 0.030 4

Bτ
π

= = =
 
 

.......................................... Ans. 

 
( )

( )6 2
2

65,824.29 93.1 10  N/m 93.1 MPa
0.030 4

Cτ
π

= = = ...................................................... Ans. 

(c) 
( )( )

( )( ) ( )( )( )6
6 9

197,472.87 1000
11.9 10 60 1000 0.069623 mm

1200 10 210 10BFδ −
−

= + × − =
× ×

 

 .................................................................................. Ans. 4 4 0.278 mm D BFv d b δ= = = = ↑
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5-69*  
Initially, 

 

( )( )
( )( ) ( )( )( )6

6

200 120
12.5 10 0 120

0.15 10.6 10

0.01509434 in.

init
PL T L
AE

δ α −= + ∆ = + ×
×

=

 

First determine the temperature rise required to close the gap so the weight rests on the floor 

 

( )( )
( )( ) ( )( )(6

6

200 120
12.5 10 120

0.15 10.6 10

0.08 0.02309434 in.init

Tδ

δ

−= + × ∆
×

= + =

)
 

53.33 FT∆ = °
 

(a) Not touching the floor.  Therefore, T W  and 200 lb= =

 
200 1333 psi (T)
0.15

σ = = ...................................................................................................... Ans. 

(b) Now the weight is partially resting on the floor so T W<  and 

 
( )

( ) ( )( )( )6
6

120
12.5 10 60 120 0.02309434 in.

10.6 10
σ

δ −= + × =
×

 

 5910 psiσ = −  

 But the wire cannot support a compression.  Therefore, at this temperature the wire has become slack, and the 
weight rests totally on the floor. 

 0 psiσ = .................................................................................................................................. Ans. 
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5-70*  

 
d PT T
dx E AE
δ σ α α= + ∆ = + ∆  

 
( )

( ) ( )

22

2 22

1

1 1

o

o o

A r x r

x r x

π π

π

= = +  

= + = + A
 

 
1

0
0Pd T

AE
δ δ α = = + ∆ = 

 ∫ ∫ dx  

 
( )

( ) ( )

1
1

20
0

11 0
1 21 o oo

P dx P PT T
E EA x Ex A

α α
   −

+ ∆ = + ∆ = + ∆ =     ++   
∫ T

A
α  

 2
o

P E T
A

α= − ∆  

 
( ) ( )

( )( )( )
( )

9 6

2 2 2

2 74 10 12.5 10 502
1 1 1o

P P E T
A x A x x

ασ
−− × ×− ∆

= = = =
+ + +

 

 
( )

( ) ( )

6
2

2 2

92.5 10 92.5 N/m  MPa (C)
1 1x x

σ
−

= =
+ +

............................................................ Ans. 
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 sin 4 5θ =  200 kipP =  

 ( )2 4 5 200 kipA BT T+ =  (a) 

 ( )4 5B Aδ δ=  

 
( )

( )( ) ( )( )(65 12
6.6 10 30 5 12

2.5 30,000
BT −×

+ × × )  

 
( )

( )( ) ( )( )( )64 124 9.4 10 50 4 12
5 3 15,000

AT − × = + × −  
   

 ×

  (b) 1.06667 37.41000 kipB AT T= −

  96.0055 kip (T)AT = 64.9966 kip (T)BT =  

(a) 
96.0055 32.0 ksi

3Aσ = = .........................................................Ans. 

 
64.9966 26.0 ksi

2.5Bσ = = .........................................................Ans. 

(b) 
( )( )

( )( ) ( )( )(696.0055 4 12
9.4 10 50 4 12

3 15,000C Av δ −×
= = + × − × )  

 ...........................................................................Ans. 0.0799 in.Cv =
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 2 s aT F=  (a) 

 0.5 mms aδ δ+ =  

 
( )

( )( ) ( )( )( )6
6 9

330
17.3 10 100 330

115 10 190 10
sT −
−

 
 + ×

× ×  
 

 
( )

( )( ) ( )( )( )6
6 9

250.5
22.5 10 100 250.5 0.5 mm

625 10 73 10
aF −

−

 
 + − ×

× ×  
=  

  (b) 2.75079 89,742.83 Na sF T+ =

  18,890.08 NsT = 37,780.16 NaF =  

 
( ) ( )6 2

6

18,890.08 164.3 10  N/m
115 10sσ −

= =  

 164.3 MPa (T)sσ = .............................................................................. Ans. 

 
( ) ( )6 2

6

37,780.16 60.4 10  N/m 60.4 MPa (C)
625 10aσ −

= = = .................................................. Ans. 
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   (a,b) ST V= 2 2AF V T= = S

 S Aδ δ=  

 
( )

( )( ) ( )( )(67
6.6 10 40 7

0.5 1 29,000
ST −+ × −

×
)  

 
( )( )

( )( ) ( )( )( )67
12.5 10 40 7

0.5 1 10,600
AF − −

= + × × 
−  

  (c) 2.73585 3.42200 kipS AT F+ = −

  0.52876 kipST V= = − 2 1.05752 kipAF V= = −  

(The negative means that the steel is actually in compression and the aluminum is actually in tension.) 

 
( )2

0.52876 2.69 ksi
0.5 4

τ
π

= = ............................................................................................ Ans. 
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5-74  

 
2

2

100d xT
dx E E L
δ σ σα α

 
= + ∆ = +  

 
 0δ =  

 
2 3

2 20

100 100 0
3

L x L Ldx
E L E L
σ α σ αδ
 

= + = + 
 

∫ =  

 
( )( )6 9100 22.5 10 70 10100

3 3
Eασ

−× ×
= =  

 .............................................................................. Ans. ( )6 252.5 10  N/m 52.5 MPaσ = =
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  (a) aT F= s

 a s nutδ δ+ = ∆  (b) 

 
( )

( )( ) ( )( )( )614
12.5 10 14

1.4 10,000
aT

T− 
+ × ∆ 

 
 

 
( )

( )( ) ( )( )( )612
6.6 10 12

0.400 30,000
s

nut

F
T− 

+ − × ∆ 
 

= ∆  

Initially, 

  3.500 kips bT F= = 0T∆ =  

  0.00700 in.nut∆ =

As the temperature rises, 

 
( )

( )( ) ( )( )( )614
12.5 10 14

1.4 10,000
aT

T− 
+ × ∆ 

 
 

 
( )

( )( ) ( )( )( )612
6.6 10 12 0.00700 in.

0.400 30,000
sF

T− 
+ − × ∆ = 
 

 

  ( )3.5 0.0479000  kip (bolt - tension; sleeve - compression)a sT F T= = − ∆

Note that at a temperature of about  the force in the bolt and in the sleeve both go to zero.  Beyond this point, 73 F°
the two pieces separate and no longer exert forces on each other – the forces and stresses both become zero 

(a) 
( ) ( )3.5 0.0479000

2.5 0.0342143  ksi (T)
1.4a

TN T
A

σ
− ∆

= = = − ∆   0 F 73 FT° ≤ ∆ ≤ °

 
( ) ( )3.5 0.0479000

8.75 0.119750  ksi (C)
0.4s

T
Tσ

− ∆
= = − ∆   0 F 73 FT° ≤ ∆ ≤ °
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5-75 (cont.) 
 0 ksia sσ σ= =   73 F 100 FT° ≤ ∆ ≤ °

(b) 
( )( )

( )( ) ( )( )(63.5 0.0479000 14
12.5 10 14

1.4 10,000a

T
Tδ −− ∆

= + × )∆  

   ( )( )33.500 0.12710 10  in. (stretch)a Tδ −= + ∆ 0 F 73 FT° ≤ ∆ ≤ °

 

( )( )
( )( ) ( )( )(

( )( )

6

3

3.5 0.0479000 12
6.6 10 12

0.400 30,000

3.500 0.12710 10  in. (shrink)

s

T
T

T

δ −

−

− ∆
= − ×

= − ∆

)∆
  0 F 73 FT° ≤ ∆ ≤ °

 ( )( )( ) ( )6 312.5 10 14 0.17500 10  in. (stretch)a T Tδ − −= × ∆ = ∆   73 F 100 FT° ≤ ∆ ≤ °

 ( )( )( ) ( )6 36.6 10 12 0.0.07920 10  in. (shrink)s T Tδ − −= − × ∆ = − ∆   73 F 100 FT° ≤ ∆ ≤ °
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5-76  
  35 kNP =

0 :FMΣ =   ( )300 35 50 100 0D CF T− − =

  (a) 2 210 kND CF T+ =
 

  ( )2 0.09  mC Dδ δ= + m

 
( )

( )( ) ( )( )( )6
6 9

300
11.9 10 300

600 10 200 10
CT

T−
−

 
 + × ∆

× ×  
 

 
( )

( )( ) ( )( )( )6
6 9

150
2 22.5 10 150 0.09

2500 10 73 10
DF

T−
−

 
 = − × ∆

× ×  
+  

  (b) ( )0.65753 4.12800 72.000  kNC DT F T= − ∆ +

  ( )90.7455 1.78311  kNCT T= − ∆ ( )28.5090 3.56621  kNDF T= + ∆  

(a) 
( )( )

( ) ( )
3

6

90.7455 1.78311 10
151.2425 2.97185  MPa (T)

600 10C

T
Tσ

−

− ∆
= = − ∆  
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5-76 (cont.) 

 
( )( )

( ) ( )
3

6

28.5090 3.56621 10
11.4036 1.42648  MPa (C)

2500 10D

T
Tσ

−

+ ∆
= = + ∆  

(b) 
( )( )( )

( )( ) ( )( )(
3

6
6 9

90.7455 1.78311 10 300
11.9 10 300

600 10 200 10C

T
Tδ −

−

− ∆
= + ×

× ×
)∆  

  ( )0.22686 0.00088778  mmC Tδ = − ∆

 
( )( )( )

( )( ) ( )( )(
3

6
6 9

28.5090 3.56621 10 150
22.5 10 150

2500 10 73 10D

T
Tδ −

−

+ ∆
= − ×

× ×
)∆  

  ( )0.02343 0.00044387  mmD Tδ = + ∆

(c) 1tan
100

Cδθ −=  
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5-77  
0 :CMΣ =   8 3A BT T+ = 0

  ( ) ( )8 1.75 3 2.25 0A Bσ σ+ =

 2.07407B Aσ σ= −  (a) 

 ( )8 3A Bδ δ=  

 
( )

( ) ( )( )( )648
6.6 10 48

28,000
A T

σ − 
+ × ∆ 

 
 

 
( )

( ) ( )( )( )6368 12.5 10 36
3 10,600

B T
σ − 

= + × ∆ 
 

 

 

 5.2830 0.51520  ksiA B Tσ σ− = ∆  (b) 

(a) 0.043087  ksi (T)A Tσ = ∆  

 0.089365 0.089365  ksi (C)B T Tσ = − ∆ = ∆  

(b)  ( )6390.7 10  in. (stretch)A Tδ −= ∆

  ( )6146.51 10  in. (stretch)B Tδ −= ∆
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0 :AMΣ =   240 80 0CE BFT T− =

  3BF CET T=

  ( ) (6 61200 10 3 900 10BF CEσ σ− −× = × )
 2.2500BF CEσ σ=  (a) 

  (b) 3c = b

 
( )

( ) ( )9
9

1000
4.76190 10  mm

210 10
BF

BF BFb
σ

δ σ−= = =
×

 

(The temperature of BF never changes.) 

 

( )
( ) ( )( )( )

( ) ( )( )

6
9

9 3

600
22.5 10 600

73 10

8.21918 10 13.500 10  mm

CE

CE

c T

T

σ

σ

−

− −

 
 = − + × ∆

×  
 = − − ∆ 

 

When  (after CE has been heated and the pin inserted), 0T∆ =
 0CE BFb c σ σ= = = =  

  ( )( )( )622.5 10 80 600 1.0800 mmCEδ −= × =

As CE cools down 

 ( ) ( )( ) ( )9 38.21918 10 13.500 10 3 3 4.76190 10CE BFc T bσ σ− −  = − − ∆ = =  
9−   

 ( )( )614.28570 8.21918 13.500 10BF CE Tσ σ+ = − ∆  (b) 
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5-78 (cont.) 
(a) ........................................................................................ Ans. ( )60.75256 10  N/mBF Tσ = − ∆ 2

 ........................................................................................ Ans. ( )60.33447 10  N/mCE Tσ = − ∆ 2

(Note that since  is negative the stresses will be positive or tension stresses.) T∆

(b) 
( ) ( )

( ) ( )
6

3
9

0.75256 10 1000
3.58364 10  mm

210 10BF

T
Tδ −

 − ∆ = = −
×

∆ ................................ Ans. 

 
( ) ( ) ( )
( )

9 6

3

8.21918 10 0.33447 10 13.500 10

10.75093 10

c T

T

− −

−

 = − − ∆ − ∆ 

= − ∆

3 T
 

 ( )31.080 1.080 10.75093 10  mmCE cδ −= − = + ∆ T  ................................................... Ans. 
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For the fillet: 3 2 1.50D d = =  0.4 2 0.20r d = =  

From Fig. 5-20(c):  1.73tK ≅

 
( )( )

1.73 66 ksi
2 0.25t

t

P PK
A

σ = = ≤  19.08 kipP ≤  

For the hole: 0.5 3 0.1667d w = =  

From Fig. 5-20(b):  2.48tK ≅

 
( )( )

2.48 66 ksi
3 0.5 0.25t

t

P PK
A

σ = = ≤
−

 16.63 kipP ≤  

 ..................................................................................................................... Ans. max 16.63 kipP =
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For the small hole: 16 160 0.10d w = =  

From Fig. 5-20(b):  2.6tK ≅

 
( )( ) ( )6 22.6 760 10  N/m
0.160 0.016 0.010t

t

P PK
A

σ = = ≤
−

  ( )3421 10  NP ≤

For the large hole: 64 160 0.40d w = =  

From Fig. 5-20(b):  2.2tK ≅

 
( )( ) ( )6 22.2 760 10  N/m
0.160 0.064 0.010t

t

P PK
A

σ = = ≤
−

  ( )3332 10  NP ≤

 ........................................................................................................................ Ans. max 332 kNP =

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

5-81  

(a) With no hole: 
( )( )

500 1000 psi
4 1 8Aσ = = ....................................................................... Ans. 

 With a hole: ( )1 64 4 0.0039d w = =  

 From Fig. 5-20(b):  3.00tK ≅

  
( )( )

5003.00 3012 psi
4 1 64 1 8Aσ = =
−

................................................................. Ans. 

(b) At A: 0θ = °  0rσ =  0rθτ =  

 Eq. 5-6: ( ) ( )1 2cos 2 1000 1 2cos 2 0 3000 psiθσ σ θ= + = + ° =   ............................ Ans. 

(c) With a 1-in. hole: 1 4 0.25d w = =  2.35tK ≅  

  
( )( )

5002.35 3133 psi
4 1 1 8Aσ = =
−

....................................................................... Ans. 

  ( ) ( )1 2cos 2 1000 1 2cos 2 0 3000 psiθσ σ θ= + = + ° =   ............................ Ans. 

(d) With a 2-in. hole: 2 4 0.50d w = =  2.12tK ≅  

  
( )( )

5002.12 4240 psi
4 2 1 8Aσ = =
−

...................................................................... Ans. 

  ( ) ( )1 2cos 2 1000 1 2cos 2 0 3000 psiθσ σ θ= + = + ° =   ............................ Ans. 

(Since Eq. 5-6 assumes a plate of infinite width, the size of the hole has no effect in the equation.) 
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5-82*  
For the fillet: 80 40 2.0D d = =  

 40r d r=  

 
( )

( )( ) ( )
3

6 2
100 10

205 10  N/m
0.040 0.020t t

t

PK K
A

σ = = ≤  

  1.64tK ≤

From Fig. 5-20(c): 40 0.3r d r= ≥  

 ..................................................................................................................... Ans. min 12.00 mmr ≅
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5-83*  

For the grooves: 
0.5

1
r
b B
=

−
 1d

r
=  

 
( )( )

10 20 ksi
1 0.5t t

t

PK K
A B

σ = = ≤
−

 (a) 

Solve by systematic trial and error. 

First try : 2tK ≅

 Eq. (a) gives 1 2B − =  

 then 0.5 2 0.25r b = =  

 Fig. 5-20(a):  1.92tK ≅

Next try : 1.92tK ≅

 Eq. (a) gives  1 1.92B − =
 then 0.5 1.92 0.26r b = =  

 Fig. 5-20(a):  1.92tK ≅

Therefore ........................................................................................... Ans. min 1.92 1 2.92 in.B = + =
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At A: 0xσ =  0xyτ =  

 80 200 0.40d w = =  

From Fig. 5-20(b):  2.2tK ≅

 
( )

( )( ) ( )
3

6 2
180 10

2.2 132.0 10  N/m
0.200 0.080 0.025y t

t

PK
A

σ = = =
−

 

 
( )
731 1 0.30357

2 2 28
E
G

ν = − = − =  

 
( )( )

( )
6

9

0 0.30357 132.0 10

73 10
x y

x E
σ νσ

ε
− ×−

= =  

 .................................................................................. Ans. ( )6549 10 549 m/mxε
−= − = − µ

 
( )
( )

6

9

132.0 10 0

73 10
y x

y E
σ νσ

ε
−−

= =  

 ................................................................................ Ans. ( )61808 10 1808 m/myε
−= = + µ

 0 radxy
xy G

τ
γ = = µ .......................................................................................................... Ans. 
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0 :BMΣ =   8 10CDT P− = 0

(a)  ( )1.25 1.25 28 35 kipCDT P= = =

 
( )35

35.0 ksi
1.00CDσ = = ................................................................Ans. 

(b)  ( )1.25 1.25 35 43.75 kipCDT P= = =

 
( )43.75

43.75 ksi 43.7 ksi
1.00CDσ = = ≅ ...................................Ans. 

(c) 
43.75 420.004 0.0052500 in./in.

1400CDε −
= + =  

 ( )( )0.0052500 8 0.0420 in.CD CD CDLδ ε= = = ................................................................ Ans. 
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 ( )2 220 314.1593 mm
4

A π
= =  

(a) 
( )

( ) ( )
3

6 2
6

50 10
159.2 10  N/m

314.1593 10topσ
−

= =  

 159.2 MPatopσ = .................................................. Ans. 

 
( )

( ) ( )
3

6 2
6

30 10
95.5 10  N/m

314.1593 10bottomσ
−

= =  

 95.5 MPabottomσ = ......................................................................................................... Ans. 

(b) 
( )

( ) ( )
3

6 2
6

95 10
302 10  N/m 302 MPa

314.1593 10topσ
−

= = = ................................................ Ans. 

 
( )

( ) ( )
3

6 2
6

30 10
95.5 10  N/m 95.5 MPa

314.1593 10bottomσ
−

= = = .......................................... Ans. 
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(a) 
( )

( )2
10 8.14873 ksi  42 ksi

1.25 4
ABσ

π
= = <  

 
( )

( )2
10 22.63537 ksi  42 ksi

0.75 4
BCσ

π
= = <  

 ( ) ( )8.14873 22.6353710 10 0.0293 in.
10,500 10,500

δ    = + =      
................................................... Ans. 

(b) 
( )

( )2
20 16.29747 ksi  42 ksi

1.25 4
ABσ

π
= = <  

 
( )

( )2
20 45.27074 ksi  42 ksi

0.75 4
BCσ

π
= = >  

 ( ) ( )1629747 42 45.27074 4210 10 0.0789 in.
10,500 10,500 1400

δ −   = + + =      
........................ Ans. 
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0 :xF→Σ =  0xC =  

0 :yF↑Σ =   160 0y A BC T T+ + − =

0 :CMΣ =   ( )1.5 4 5 160 0B AT T+ − =

  (a) 1.5 4 800 kNB AT T+ =

 ( )4 1.5A Bδ δ=  (b) 

Try elastic solution … 

 
( )

( )( )
( )

( )( )6 9 6

2000 15004
1.5500 10 73 10 750 10 210 10

A BT T
− − 9

    =  × × × ×    
 

  2.15753B AT T=

  110.55372 kNAT = 238.52343 kNBT =  

 
( )

( ) ( ) ( )
3

6 2
6

110.55362 10
221 10  N/m   330 MPa - elastic

500 10Aσ
−

= = <  

 
( )

( ) ( ) ( )
3

6 2
6

238.52343 10
318 10  N/m   275 MPa - plastic

750 10Bσ −
= = >  

(a) Therefore, 275 MPa (T)Bσ = .................................................................................................. Ans. 

  ( )( )6 6275 10 750 10 206,250 NBT −= × × = 122,656 NAT =  

 
( ) ( )6 2

6

122,656 245 10  N/m 245 MPa (T)  (still elastic)
500 10Aσ

−
= = = ........................... Ans. 

(b)   0 kNxC = 168.906 kNyC = − 2 2 168,906 kNx yC C C= + =  

 
( )

( )6 2
2

168,906 119.5 10  N/m 119.5 MPa
2 0.030 4

Cτ
π

= = =
 
 

.......................................... Ans. 

(c) max max 2 122.5 MPaA Aτ σ= = ............................................................................................ Ans. 

 max max 2 137.5 MPaB Bτ σ= = ............................................................................................ Ans. 

(d) 
( )( )

( )( )6 9

122,656 20005 5 8.40 mm 
4 4 500 10 73 10

A
Dv δ

−

 
 = = =

× ×  
↓ ................................................. Ans. 
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  2 S AT T P+ = ( ) ( )2 1.6 3.2S A Pσ σ+ =  (a) 

 S Aδ δ=  

 
( )

( )
( )

( )
8 1

29,000 10,600
S Aσ σ

=
0

A 3.41981Sσ σ=  (b) 

 100 ksiSσ =  29.2414 ksiAσ =  

  ( )100 1.6 160 kip (T)ST = = ( )29.2414 3.2 93.572 kip (T)AT = =  

 ..................................................................................... Ans. ( )max 93.572 2 160 414 kipP = + =
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 sin 4 5θ =  

 ( )2 4 5 1110 kNA BT T+ =  (a) 

 ( )4 5B Aδ δ=  (b) 

Try elastic solution … 

 
( )

( )( )
( )

( )( )6 9 6

1500 12004
51500 10 200 10 1500 10 72 10

B AT T
− − 9

    =  × × × ×    
 

  1.77778B AT T=

  288.7283 kNAT = 513.2948 kNBT =  

 
( )

( ) ( ) ( )
3

6 2
6

288.7283 10
192.5 10  N/m   380 MPa - elastic

1500 10Aσ
−

= = <  

 
( )

( ) ( ) ( )
3

6 2
6

513.2948 10
342 10  N/m   250 MPa - plastic

1500 10Bσ −
= = >  

(a) Therefore, 250 MPa (T)Bσ = .................................................................................................. Ans. 

  ( )( )6 6250 10 1500 10 375,000 NBT −= × × = 510,000 NAT =  

 
( ) ( )6 2

6

510,000 340 10  N/m 340 MPa (T)  (still elastic)
1500 10Aσ

−
= = = ......................... Ans. 

(b) 
( )( )

( )( )6 9

510,000 1200
5.67 mm 

1500 10 72 10C Av δ
−

= = =
× ×

↓ .......................................................... Ans. 
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0 :xF→Σ =  ( )3 5 0x AC T+ =  

0 :yF↑Σ =  ( )4 5 50 0y B AC T T+ + − =  

0 :CMΣ =  ( ) ( )6 15 4 5 18 50B AT T+ −   0=  

 

  (a) 2 150 kipB AT T+ =

 ( ) ( ) ( )4 5 4 5 15 6A Baδ δ= =    

 2A Bδ δ=  (b) 

Try elastic solution … 

 
( )

( )( )
( )

( )( )
40 20

2
1.5 10,500 1.5 29,000

A BT T 
=  

 
 

  2.76190B AT T=

  31.50 kipAT = 87.00 kipBT =  

 ( )31.5 21.0 ksi  55 ksi - elastic
1.5Aσ = = <  

 ( )87.00 58.0 ksi  36 ksi - plastic
1.5Bσ = = >  

(a) Therefore, 36 ksi (T)Bσ = ........................................................................................................ Ans. 

  ( )( )36 1.5 54.00 kipBT = = ( )150 54 2 48.00 kipAT = − =  

 
48.00 32.0 ksi (T)  (still elastic)
1.5Aσ = = ........................................................................ Ans. 

(b)   28.80 kipxC = − 42.40 kipyC = − 2 2 51.2562 kipx yC C C= + =  

 
( )2

51.2562 32.6 ksi
2 1 4

Cτ
π

= =
 
 

............................................................................................... Ans. 
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5-92  

 
( ) ( )

6
9 2

350 10
70.0 10  N/m

0.005AE = =  
( ) ( )

6
9 2

1400 10
200.0 10  N/m

0.007SE = =  

  (a) 530 kNA ST T+ =

 A Sδ δ=  (b) 

Try elastic solution … 

 
( )

( )( )
( )

( )( )6 9 6

750 750
315 10 70 10 315 10 200 10

A ST T
− −

=
× × × × 9

 2.85714S AT T=  

  137.407 kNAT = 392.593 kNST =  

 
( ) ( ) ( )6 2

6

137,407 436 10  N/m   350 MPa - plastic
315 10Aσ

−
= = >  

 
( ) ( ) ( )6 2

6

392,593 1246 10  N/m   1400 MPa - elastic
315 10Sσ −

= = <  

Therefore, 350 MPa (T)Aσ =  ( )( )6 6350 10 315 10 110,250 NAT −= × × =  

  530,000 110,250 419,750 NST = − =

 
( ) ( )6 2

6

419,750 1333 10  N/m 1333 MPa (T)  (still elastic)
315 10Sσ −

= = =  

 
( )( )

( )( )6 9

419,750 750
5.00 mm 

315 10 200 10Sv δ
−

= = =
× ×

↓ ............................................................ Ans. 
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0 :DMΣ =   10 5 2 0A BP T T− − =

  (a) 5 2 10A BT T+ = P

 ( )5 2 2.5A B Bδ δ= = δ  (b) 

 ( )10 5 2Ac Aδ δ= =  (c) 

(a)  40 kipP =
 Try elastic solution … 

 
( )

( )( )
( )

( )( )
10 10

2.5
2 10,000 2.5 30,000

A BT T 
=  

 
 

  1.5B AT T= ( )5 2 10 40 400 kipA BT T+ = =  

  50.0 kipAT = 75.0 kipBT =  

 (50.0 25.0 ksi  34 ksi - elastic
2Aσ = = < ) ...................................................................... Ans. 

 (75.0 30.0 ksi  36 ksi - elastic
2.5Bσ = = < ) ...................................................................... Ans. 

(b)  60 kipP =
 Try elastic solution … 

  1.5B AT T= ( )5 2 10 60 600 kipA BT T+ = =  

  75.0 kipAT = 112.5 kipBT =  

 ( )75 37.5 ksi  34 ksi - yields
2Aσ = = >  

 ( )112.5 45.0 ksi  36 ksi - plastic
2.5Bσ = = >  

 Therefore, 36 ksi (T)Bσ = ........................................................................................................ Ans. 

  ( )( )36 2.5 90.0 kipBT = = 84.0 kipAT =  

 
84.00 42.0 ksi (T)

2Aσ = = .................................................................................................. Ans. 
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5-93 (cont.) 
(c)  65 kipP = ( )5 2 10 65 650 kipA BT T+ = =  

 36 ksi (T)Bσ =  ( )( )36 2.5 90.0 kipBT = =  

  94.0 kipAT =

 
94.0 47.0 ksi

2Aσ = =  0.006 in./in.Aε ≅  

 ( )( )2 2 2 0.006 10 0.1200 in. C A A Av Lδ ε= = = = ↓ ....................................................... Ans. 

(d)  40 kipP =
25 0.00250 in./in.

10,000Aε = = ........................................................ Ans. 

(e)  65 kipP = 0.006 in./in.Aε ≅ ............................................................................... Ans. 

 
2.5 0.00240 in./in.

10 2.5
B A A

B
BL

δ δ εε = = = = .................................. Ans. 
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0 :CMΣ =   150 450 450 0A BT T P+ − =

  3 3A BT T+ = P

  ( ) ( )6 6500 10 3 750 10 3A B Pσ σ− −× + × =

 4.5 6000A B Pσ σ+ =  (a) 

 3B Aδ δ=  (b) 

 

If 0.0013095 m/mBε ≤ , then 

 
( )

( )
( )

( )9 9

500 250
3

210 10 73 10
B Aσ σ 

 =
× ×  

 

 4.3151B Aσ σ=  (b) 

From Eqs. (a) and (b): 

  2293.9  N/m (T)A Pσ =

  21268.0  N/m (T)B Pσ =

 
( )

( )9

250
 mm

73 10
A

A

σ
δ =

×
 

 
( )

( )9

500
 mm

210 10
B

B

σ
δ =

×
 

 

If 0.0013095 m/mBε ≥ , then  

  ( )6 2275 10  N/m (T)Bσ =

and from Eq. (a): 

  ( )6 26000 1237.5 10  N/m (T)A Pσ = −

 
( )

( )9

250
 mm

73 10
A

A

σ
δ =

×
 

 3B Aδ δ=  
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 ( )2 20.75 4 0.44179 instA π= =  

  al stF T=

 ( ) ( )0.40 0.44179al stσ σ=  

 1.10447al stσ σ=  (a) 

 
0.125

360st al nut
θδ δ+ = ∆ =  (b) 

 
( )

( ) ( )312
0.400 10

30,000
st

st s

σ
tδ σ−= =  

If 0.004alε ≤  then 

 
( )

( ) ( )310
0.95238 10

10,500
al

al al

σ
δ σ−= =  

 ( ) ( )3 3 0.1250.400 10 0.95238 10
360st al

θσ σ− −+ =  (b) 

From Eqs. (a) and (b) 

(a) 0.23915  ksi (T)stσ θ=  

 1.10447 0.26414  ksi (C)al stσ σ θ= =  

(b) ( ) ( )3 30.400 10 0.09566 10  in.st stδ σ− −= = θ  

 ( ) ( )3 30.95238 10 0.25156 10  in.al alδ σ− −= = θ  

If 0.004alε ≥  then 

 
( )
( ) ( ) ( )342

0.004 10 7.14286 10 0.2600
1400
al

al al

σ
δ σ− −

= + = − 
 

 

 ( ) ( )3 3 0.1250.400 10 7.14286 10 0.2600
360st al

θσ σ− −+ −  =  (b) 
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5-95 (cont.) 
Now from Eqs. (a) and (b) 

(a)  ( )31.3666 0.041889  ksi (T)stσ θ= +

  ( )1.10447 34.6434 0.046265  ksi (C)al stσ σ θ= = +

(b) ( ) ( )( )3 30.400 10 12.5466 0.01676 10  in.st stδ σ θ− −= = +  

 ( ) ( )( )3 37.14286 10 0.2600 12.5470 0.33046 10  in.al alδ σ θ− −= − = − +  

(c) 10 alL δ= −  
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( )( )

( )
100 148

3700 kPa 3.70 MPa
2 2 2
pr
t

σ = = = = ............................................................ Ans. 
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( )( )800 5

10,000 psih
pr
t t

σ = = ≤  

 ..................................................................................................................... Ans. 0.400 in.t ≥
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5-98  

 
( )

( )
1625 22

45.0 MPa
2 2 22a

ppr
t

σ
−

= = ≤  1.235 MPap ≤  

 
( )
( )

1625 22
100.0 MPa

22h

ppr
t

σ
−

= = ≤  1.372 MPap ≤  

 ................................................................................................................. Ans. max 1.235 MPap =
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5-99  

 
( ) ( )

( )
100 17.5 12 7 8

11,950 psi
2 2 7 8
pr
t

σ
× −  = = =  

 11.95 ksiσ = ................................................................................................................... Ans. 
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( )( )

( )
950 500 50

4275 kPa 4.275 MPa
2 2 50x a
pr
t

σ σ
−

= = = = =  

 
( )( )

( )
950 500 50

8550 kPa 8.550 MPa
50y h

pr
t

σ σ
−

= = = = =  

 0 MPaxyτ =  30θ = − °  

 
( ) ( )

2 2

2 2

cos sin 2 sin cos

4.275cos 30 8.55sin 30 0
n x y xyσ σ θ σ θ τ θ θ= + +

= − ° + − ° +
 

 5.34 MPa (T)nσ = ............................................................................................................... Ans. 

 
( ) ( )
( ) ( ) ( )

2 2sin cos cos sin

4.275 8.55 sin 30 cos 30 0
nt x y xyτ σ σ θ θ τ θ θ= − − + −

= − − − ° − ° +
 

 1.851 MPantτ = − .................................................................................................................. Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

5-101*  

(a) 
( )( )

( )
200 3 12

7200 psi 7.20 ksi
2 2 0.5a
pr
t

σ
×

= = = = ............................................................ Ans. 

 
( )( )

( )
200 3 12

14,400 psi 14.40 ksi
0.5h

pr
t

σ
×

= = = = ...................................................... Ans. 

(b)  ( )2 1E Gν= +
( )
29,000 1 0.31818

2 11,000
ν = − =  

 
( ) ( )67.2 0.31818 14.4

90.3 10 90.3 in./in.
29,000

a h
a E

σ νσε µ−−−
= = = = ......................... Ans. 

 
( ) ( )614.4 0.31818 7.2

418 10 418 in./in.
29,000

h a
h E

σ νσε µ−−−
= = = = ........................... Ans. 
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  ( )( ) 2850 9.81 6 50,031.00 N/mp hγ= = × =

 
( )( ) ( )6 250,031.00 10

80 10  N/mh
pr
t t

σ = = ≤  

 ............................................................................................ Ans. 0.00625 m 6.25 mmt ≥ =
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(a)  ( )( )62.4 50 3120 psf 21.6667 psip hγ= = = =

 0 ksi   (not including the weight of the tank)aσ = ..................................................... Ans. 

 
( )( )

( )
21.6667 6 12 0.5

3098 psi 3.10 ksi
0.5h

pr
t

σ
× −

= = = ≅ ......................................... Ans. 

 

(b)  ( )( )62.4 25 1560 psf 10.8333 psip hγ= = = =

 0 ksi   (not including the weight of the tank)aσ = ..................................................... Ans. 

 
( )( )

( )
10.8333 6 12 0.5

1549 psi 1.549 ksi
0.5h

pr
t

σ
× −

= = = = ........................................ Ans. 
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5-104*  

(a) 

( )( )
( )

( )

3

6 2

2800 10 600
20

84.00 10  N/m 84.00 MPa

x h
pr
t

σ σ
×

= = =

= =

 

 

( )( )
( )

( )

3

6 2

2800 10 600
2 2 20

42.00 10  N/m 42.00 MPa

y a
pr
t

σ σ
×

= = =

= =

 

 0 MPaxyτ =  1 3tan 36.870
4

φ −= = °  90 126.870θ φ= °+ = °  

  
( ) (

2 2

2 2

cos sin 2 sin cos

84cos 126.870 42sin 126.870 0
n x y xyσ σ θ σ θ τ θ θ= + +

= ° + )° +

 57.1 MPa (T)nσ = ................................................................................................................ Ans. 

 
( ) ( )
( ) ( ) ( )

2 2sin cos cos sin

84 42 sin 126.870 cos 126.870 0
nt x y xyτ σ σ θ θ τ θ θ= − − + −

= − − ° ° +
 

 20.2 MPantτ = + .................................................................................................................... Ans. 

(b)  ( )2 1E Gν= +
( )
200 1 0.31579

2 76
ν = − =  

 
( ) ( )

( ) ( )
6

6
9

42 0.31579 84 10
77.4 10 77.4 m/m

200 10
a h

a E
σ νσε µ−

− −  = = = = ................. Ans. 

 
( ) ( )

( ) ( )
6

6
9

84 0.31579 42 10
354 10 354 m/m

200 10
h a

h E
σ νσε µ−

− −  = = = = ................... Ans. 

(c) max 84.00 MPahσ σ= =  min 0 MPazσ σ= =  

 max min
max

84.00 0 42.0 MPa
2 2

σ στ − −
= = = ...................................................... Ans. 

(d) max 84.00 MPahσ σ= =  min 2.800 MPazσ σ= = −  

 
( )max min

max

84.00 2.800
43.4 MPa

2 2
σ στ

− −−
= = = ....................................... Ans. 
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  ( )2 1E Gν= +
( )
30,000 1 0.29310

2 11,600
ν = − =  

(a) ( ) ( ) ( )6
1 1 22 2

30,000 619 0.29310 330 10
1 1 0.29310

Eσ ε νε
ν

−= + = +  − −
 

 1 23.490 ksi 23.5 ksiσ = ≅ .................................................................................................. Ans. 

 ( ) ( ) ( )6
2 2 12 2

30,000 330 0.29310 619 10
1 1 0.29310

Eσ ε νε
ν

−= + = +  − −
 

 2 16.785 ksi 16.79 ksiσ = ≅ ................................................................................................ Ans. 

(b) 
( )
( )
9.875

39.5  ksi
2 2 0.125x a

ppr p
t

σ σ= = = =  0 ksixyτ =  

 
( )
( )

9.875
79.0  ksi

0.125y h

ppr p
t

σ σ= = = =  

 2 2cos sin 2 sin cosn x y xyσ σ θ σ θ τ θ= + + θ  

 ( ) ( ) ( ) ( )2 2
2 39.5 cos 30 79.0 sin 30 0 16.785 ksip pσ = ° + ° + =  

 ....................................................................................................... Ans. 0.342 ksi 342 psip = =
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At point A: 

0 :yF↑Σ =  0p hpA Aσσ− =  

  ( ) ( )22 2 0hp R R r R r tπ π σ π − − − − =   

 
( )
( )
2

2h

pr R r
t R r

σ
−

=
−

............................................Ans. 

 h a

r a

p
r r t
σ σ

+ =  hr r=  ( )ar R r= − −  

 ( ) ( ) ( ) ( )
( ) ( )2

2 2
h

a a a
h

p R rp p pr r R r R r
t r t t R r

σσ
−

= − = − − − − − =      −
r
t

...................... Ans. 

At point B: 

0 :yF↑Σ =   ( ) ( )2 2 2 0hp R r R R r tπ π σ π + − − + =   

 
( )
( )
2

2h

pr R r
t R r

σ
+

=
+

................................................................................................................... Ans. 

 h a

r a

p
r r t
σ σ

+ =  hr r=  ar R r= +  

 ( ) ( ) ( ) ( )
( ) ( )2

2 2
h

a a a
h

p R rp p pr r R r R r
t r t t R r

σσ
+

= − = + − + =
+

r
t

..................................... Ans. 
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 p yγ=  1 2sin 30r
r

θ −= = °  

 

( )2 2

2

3 3
2

2

5
3 24

r

r

r

r

W dV r y

y rr y

γ γπ

γπγπ

= = −

 
= − = 

 

∫ ∫ dy

 

 ( )22 2 2 32
2

rx r y r r= − = − =  

0 :yF↑Σ =  cos30 0m m pA W pAσ °− − =  

 ( ) ( )22 cos30 0m xt W p xσ π π°− − =  

 ( )
233 5 32 cos30 0

2 24 2 2m
r r r rt γπ γσ π π

      ° − − =              
 

 
27

18m
r
t

γσ = ........................................................................................................................ Ans. 

 m t

m t

p
r r t
σ σ

+ =  m tr r r= =  

 
7
18 2

tr r
t r t

σγ γ
+ =  

2

9t
r
t

γσ = ................................................................................ Ans. 
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( ) 2600

30  N/m
20x h

ppr p
t

σ σ= = = =  

 
( )
( )

2600
15  N/m

2 2 20y a

ppr p
t

σ σ= = = =  

  20 N/mxyτ =

 ( ) (2 2 2 2cos sin 2 sin cos 30 cos 53 15 sin 53n x y xy p pσ σ θ σ θ τ θ θ= + + = − ° + − )°  

 ( ) ( ) ( ) ( ) (2 2sin cos cos sin 30 15 sin 53 cos 53nt x y xy p pτ σ σ θ θ τ θ θ= − − + − = − − − ° − °)  
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( )( )
( )

200 24
6400 psi

0.75x h
pr
t

σ σ= = = =  

 
( )( )

( )
200 24

3200 psi
2 2 0.75y a
pr
t

σ σ= = = =  

 0 psixyτ =  

 2 2cos sin 2 sin cosn x y xyσ σ θ σ θ τ θ= + + θ  

 ( ) ( ) ( )2 26400 cos 90 3200sin 90nσ θ= − ° + θ − °  

 ( ) ( )2 2sin cos cos sinnt x y xyτ σ σ θ θ τ θ θ= − − + −  

 ( ) ( ) ( )6400 3200 sin 90 cos 90ntτ θ= − − − ° − °θ  

 
 
 
 
 
 
 
 
 
 
 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

5-110*  

 
( )( )

( )
( )

( )
6 3

2 2

2 10 500 40 10
2 2 20 1.040 1 4x
pr P
t A

σ
π

× ×
= − = −

−
 

 ........................................................................... Ans. ( )6 224.4 10  N/m 24.4 MPaxσ = =

 
( )( )

( )

62 10 500
20y

pr
t

σ
×

= =  

 ............................................................................ Ans. ( )6 250.0 10  N/m 50.0 MPayσ = =

 0 MPaxyτ = ..................................................................................................................... Ans. 
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( )( )

( )
( )

( ) ( )3
2 2

300 1.5 12
18 10  psi

2 2 0.375 18.75 18 4x

Ppr P
t A

σ
π

×
= + = + ≤

−
 

 .......................................................................................... Ans. ( )3234 10  lb 234 kipP ≤ =
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( )( )
( )

( )

3

6 2

2800 10 600
20

84.00 10  N/m 84.00 MPa

x h
pr
t

σ σ
×

= = =

= =

 

 

( )( )
( )

( )
( )

( )

3 3

2 2

6 2

2800 10 600 130 10
2 2 20 1.28 1.2 4

41.1657 10  N/m 41.1657 MPa

y
pr P
t A

σ
π

×
= − = −

−

= =

 

 0 MPaxyτ =  1 3tan 36.870
4

φ −= = °  90 126.870θ φ= °+ = °  

(a) 2 2cos sin 2 sin cosn x y xyσ σ θ σ θ τ θ= + + θ  

 ( ) ( )2 284cos 126.870 41.1657sin 126.870 56.6 MPa (T)nσ = ° + ° = ....................... Ans. 

(b) ( ) ( )2 2sin cos cos sinnt x y xyτ σ σ θ θ τ θ θ= − − + −  

 ( ) ( ) ( )84 41.1657 sin 126.870 cos 126.870 20.6 MPantτ = − − ° ° = + ......................... Ans. 

(c) max 84.00 MPahσ σ= =  min 0 MPazσ σ= =  

 max min
max

84.00 0 42.0 MPa
2 2

σ στ − −
= = = ...................................................... Ans. 

(d) max 84.00 MPahσ σ= =  min 2.800 MPazσ σ= = −  

 
( )max min

max

84.00 2.800
43.4 MPa

2 2
σ στ

− −−
= = = ....................................... Ans. 
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( )
( )

( )
( )2 2

20 10,000
2 2 0.4 20.8 20 4

25 390.08564 psi

x

ppr P
t A

p

σ
π

= + = −
−

= +

 

 
( )
( )

20
50

0.4y

ppr p
t

σ = = =  

 0 MPaxyτ =  1 3tan 36.870
4

φ −= = °  90 126.870θ φ= °+ = °  

  ( ) ( ) ( ) ( )

2 2

2 2

cos sin 2 sin cos

25 390.08564 cos 126.870 50 sin 126.870 0
41 140.43150 11,000

n x y xy

p p
p

σ σ θ σ θ τ θ θ= + +

= + ° + ° +

= + ≤

 ............................................................................................................................. Ans. 265 psip =
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( )( )
( )

( )
( )

( )

3

2 2

3 2

50 102500 500
2 2 20 1.04 1 4

811.421 10  N/m 811.421 kPa

axial
pr P
t A

σ
π

= + = +
−

= =

 

 
( )( )

( ) ( )3 22500 500
62.500 10  N/m 62.500 kPa

20hoop
pr
t

σ = = = =  

  ( )2 1E Gν= +
( )
200 1 0.31579

2 76
ν = − =  

 
( )

( )9

811,421 0.31579 62,500
200 10

axial hoop
axial E

σ νσ
ε

− −
= =  

 ........................................................................................ Ans. ( )63.96 10 3.96 m/maxialε −= = µ

 
( )

( )9

62,500 0.31579 811,421
200 10

hoop axial
hoop E

σ νσ
ε

− −
= =  

 .............................................................................. Ans. ( )60.969 10 0.969 m/mhoopε −= − = − µ
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( )( )

( )
( )

( )2 2

100 2 12 5000
4931.94 psi

2 2 0.25 48.5 48 4x
pr P
t A

σ
π

×
= + = + =

−
 

 
( )( )

( )
100 2 12

9600.00 psi
0.25y

pr
t

σ
×

= = =  

Outside: max 9600 psiσ =  min 0 psiσ =  

 max min
max

9600 0 4800 psi
2 2

σ στ − −
= = = ................................................................ Ans. 

 max 9600 psiσ =  min 100 psipσ = − = −  

 
( )max min

max

9600 100
4850 psi

2 2
σ στ

− −−
= = = ..................................................... Ans. 
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( )
( )

2600
30  N/m

20x h

ppr p
t

σ σ= = = =  

 

( )
( )

( )
( )

3

2 2

2

130 10600
2 2 20 1.28 1.2 4

15 834, 280 N/m

y

ppr P
t A

p

σ
π

= − = −
−

= −

 

  20 N/mxyτ =

 2 2cos sin 2 sin cosn x y xyσ σ θ σ θ τ θ= + + θ  

 ( ) ( ) ( ) ( )2 230 cos 53 15 834, 280 sin 53  N/mn p pσ = − ° + − − °  2

 ( ) ( )2 2sin cos cos sinnt x y xyτ σ σ θ θ τ θ θ= − − + −  

 ( ) ( ) ( ) ( ) 230 15 834,280 sin 53 cos 53  N/mnt p pτ = − − − − ° − °    
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( )( )
( )

200 24
6400 psi

0.75x h
pr
t

σ σ= = = =  

 
( )( )

( ) ( )( )
200 24 30,000 2934.74 psi

2 2 0.75 4 12 0.75y
pr P
t A

σ
π

= − = − =
×

 

 0 psixyτ =  

 2 2cos sin 2 sin cosn x y xyσ σ θ σ θ τ θ= + + θ  

 ( ) ( ) ( )2 26400 cos 90 2934.74sin 90nσ θ= − ° + θ − °  

 ( ) ( )2 2sin cos cos sinnt x y xyτ σ σ θ θ τ θ θ= − − + −  

 ( ) ( ) ( )6400 2934.74 sin 90 cos 90ntτ θ= − − − ° − °θ  
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(a) 
( )22 2 2

2 2 2 2 2 2

125 75 2001 1 171.2 MPa
200 125 125

i
t

a p b
b a a

σ
   

= + = + =   − −   
.................................. Ans. 

(b) 
( )22 2 2

2 2 2 2 2 2

125 75 2001 1 96.2 MPa
200 125 200

i
t

a p b
b a b

σ
   

= + = + =   − −   
.................................... Ans. 

(c) 
( ) ( )max min

max

171.2 75
123.1 MPa

2 2 2
t pσσ στ
− − − −−

= = = = ........................... Ans. 
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  0.1t b a a= − = 1.1b a=  
From thick-walled cylinder equations: 

 
( )

( )22 2 2

22 2 2 22

1.1
1 1 10.524

1.1t

aa p b a p p
b a a aa a

σ
  

= + = + =    − −   
 

From thin-walled cylinder equations: 

 10
2 0.1h t
pr pa p
t a

σ σ= = = =  

 ( )10.524 10 100 4.979 5%
10.524

p pError
p
−

= = ≅ ................................................................. Ans. 
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 max      at     t aσ σ ρ= =  

 
2 22 2

2 2 2 2 2 2

100 1501 1 430 MPa
150 100 100

i i
t

a p pb
b a a

σ
   

= + = + ≤   − −   
 

 .............................................................................................................. Ans. 165.4 MPaip ≤
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 max      at     t aσ σ ρ= =  

 
2 22 2

2 2 2 2 2 2

2 41 1 1.6667
4 2 2

i i
t i

a p pb p
b a a

σ
   

= + = + =   − −   
 

 
( ) ( )max min

max

1.6667
24 ksi

2 2 2
t i ip p pσσ στ
− − − −−

= = = ≤  

 .................................................................................................................. Ans. 18.00 ksiip ≤
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(a) 
( )22 2 2

2 2 2 2 2 2

100 75 1501 1 195.0 MPa
150 100 100

i
t

a p b
b a a

σ
   

= + = + =   − −   
................................... Ans. 

(b) At 125 mmρ =  

 
( )22 2 2

2 2 2 2 2 2

100 75 1501 1 146.4 MPa
150 100 125

i
t

a p b
b a

σ
ρ

   
= + = + =   − −   

 

 
( )22 2 2

2 2 2 2 2 2

100 75 1501 1 26.4 MPa
150 100 125

i
r

a p b
b a

σ
ρ

   
= − = − = −   − −   

 

 
( )max min

max

146.4 26.4
86.4 MPa

2 2 2
t rσ σ σ στ

− −− −
= = = = ..................................... Ans. 
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(a) 
( )22 2 2

2 2 2 2 2 2

4 25 71 1 49.242 ksi
7 4 4

i
t

a p b
b a a

σ
   

= + = + =   − −   
 

 
( ) ( )max min

max

49.242 25
37.1 ksi

2 2 2
t pσσ στ
− − − −−

= = = = ..................................... Ans. 

(b) At 5.5 in.ρ =  

 
( )22 2 2

2 2 2 2 2 2

4 25 71 1 31.8 ksi
7 4 5.5

i
t

a p b
b a

σ
ρ

   
= + = + =   − −   

................................................. Ans. 

 
( )22 2 2

2 2 2 2 2 2

4 25 71 1 7.51 ksi
7 4 5.5

i
r

a p b
b a

σ
ρ

   
= − = − = −   − −   

.............................................. Ans. 
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( )
( )

( ) ( ) ( ) ( ) ( )
( )

2 22 2

2 2 2 2 2

2 22 2

2 2 22 2 2

25 85 125 30 25 125 85 30 35,80727.708  MPa
125 25 125 25

i oi o
t

a b p pa p b p
b a b a

σ
ρ

ρρ

−−
= +

− −

− −  
= + = − + − −  

 

 ( ) ( )
75

75

250
50

35,807 35,80727.708 27.708F dρ ρ
ρ ρ

  
= − + = − −  

  
∫





 

 .......................................................................... Ans. ( )3454 10  N/m 454 kN/mF = − = −
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(a) 
( )22 2 2

2 2 2 2 2 2

8 20
1 1 36 ksi

8 8
i

t
a p b b

b a a b
σ

   
= + = + ≤   − −   

 

 ............................................................................................. Ans. 14.967 in. 14.97 in.b ≥ ≅

(b)  ( )2 1E Gν= +
( )
30,000 1 0.29310

2 11,600
ν = − =  

 
( ) ( ) ( )

( )
( )( )( )

( )( ) ( )(

2
2 2

2 2

2
2 2

2 2

1 1

8 20
1 0.29310 8 1 0.29310 14.967

14.967 8 30,000 8

i
a

a p a b
b a Ea

δ ν ν = − + + −

) = − + + −

 

 0.01162 in.aδ =  ( )2 2 0.01162 0.0223 in.i aD δ∆ = = = .................... Ans. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

5-126*  
From Table B-18 250 MPayσ =  

 
( ) ( )3 6100 10 250 10

1.6
P
A A

σ = = ≤  

  ( )6 2640 10  m 640 mmA −≥ = 2

From Table B-14 ............................................................................................. Ans. min 51 mmd =

` 
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From Table B-17 36 ksiyσ =  

 
80 36

3
P
A A

σ = = ≤  

  26.667 in.A ≥

From Table B2, sections with  include 26.667 in.A ≥ W6 25,    W8 24,    W10 30,    W12 30× × × ×  

The lightest section is ....................................................................................................... Ans. W8 24×
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  ( )2000 9.81 19,620 NW = =

0 :xF→Σ =   cos30 cos50 0B AT T° − ° =

0 :yF↑Σ =   sin 30 sin 50 19,620 0B AT T° + °− =

  17,253.54 N (T)AT = 12,806.05 N (T)BT =  

From Table B-18 250 MPayσ =  

 
( )6250 1017,253.54

1.75A
P
A A

σ = = ≤  ( )6 2120.771 10  mA −≥  

 
( )6250 1012,806.05

1.75B A
σ = ≤  ( )6 289.642 10  mA −≥  

 2 24 120.771 mmA dπ= ≥   12.40 mmd ≥

 ................................................................................................................... Ans. min 13 mmd =
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From Table B-17 50 ksiyσ =  

 2

20 50
4 1.5AB

AB

P
A d

σ
π

= = ≤  

  Ans. min0.874 in.AB ABd ≥ = d

 2

30 50
4 1.5BC

BC

P
A d

σ
π

= = ≤  

  Ans. min1.070 in.BC BCd ≥ = d
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From Table B-18 concrete 34 MPafσ =  31 GPaE =  

 steel 250y  MPaσ =  200 GPaE =  

   2 2
S SA b b= − C

2
C CA b= 10C SA A=  

  1000 kNC SF F+ = C Sδ δ=  

 
( ) ( )9 931 10 200 10

C S

C S

F L F L
A A

=
× ×

 

  392,156.86 NSF = 607,843.14 NCF =  

Try 
( )634 10607,843.14
1.4C

C

P
A A

σ = = ≤  ( )3 225.0288 10  mCA −≥  

Then  ( )3 22.50288 10  mSA −=

 
( ) ( )6 2

3

392,156.86 156.7 10  N/m 250 MPa  (correct guess)
2.50288 10Sσ −

= = ≤  

 ( )325.0288 10 0.1582 m 158.2 mmCb −= = = ..................................................... Ans. 

  ( )2 2 32.50288 10S S CA b b −= − =

 ( ) ( )3 325.0288 10 2.50288 10 0.1659 m 165.9 mmSb − −= + = = ...................... Ans. 
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From Table B-17 53 ksiyσ =  

 
20 53
1 1.7AB

P
A w

σ = = ≤
5

  0.66038 in.w ≥

 
10 53
1 1.7BC w

σ = ≤
5

  0.33019 in.w ≥

 
50 53
1 1.7CD w

σ = ≤
5

  1.65094 in.w ≥

  Ans. min 1.651 in.w =
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0 :xF→Σ =   cos30 cos 60 85 0N V° + ° − =

0 :yF↑Σ =   sin 30 sin 60 0N V° − ° =

  73.6122 kNN = 42.500 kNV =  

 
( )

( )6

2

1035 1073,612.2
1.52 4

N
A d

σ
π

= = ≤  (There are two bolts) 

  ( )38.24 10  md −≥

 
( )

( )6

2

620 1042,500
1.52 4

V
A d

τ
π

= = ≤  ( )38.09 10  md −≥  

 ............................................................................................................... Ans. min 8.24 mmd =
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( )2

20 4.07 ksi (C)
2.50 4

AB
P
A

σ
π

= = = .......................... Ans. 

 
( )2

60 34.0 ksi (T)
1.50 4

BCσ
π

= = ................................... Ans. 

 
( )2
10 12.73 ksi (T)
1 4

CDσ
π

= = ........................................ Ans. 

 
( )( )

( ) ( )2

20 15

2.50 4 30,000
total

PL
AE

δ
π

−
= =

 
 

∑  

 
( )( )

( ) ( )
( )( )

( ) ( )2 2

60 15 10 15

1.50 4 30,000 1 4 30,000π π
+ +
   
   

 

 0.0213 in.δ = + ...................................................................................................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

5-134*  

 
( )

( )6
2 200 10

0.050 4
B

P P
A

σ
π

= = ≤  ( )3392.7 10  NP ≤  

 
( )

( )6
2 500 10

0.032 4
S

P P
A

σ
π

= = ≤  ( )3402.1 10  NP ≤  

 total B Sδ δ δ= +  

 
( )

( ) ( )
( )

( ) ( )2 29 9

1500 1000
5.60 mm

0.050 4 100 10 0.032 4 190 10

P P

π π
+ ≤

   × ×   

 

 ( )3394.8 10  NP ≤  

 .......................................................................................................... Ans. max 393 kNP =
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0 :xF→Σ =   cos30 cos 60 3000 0BC ABF T° + °− =

0 :yF↑Σ =   sin 30 sin 60 0BC ABF T° − ° =

  1500 lbABT =

  2598.076 lbBCF =

0 :xF→Σ =   cos30 0BC ACF T° − =

  2250 lbACT =

 
( )2
2.250 11.46 ksi
0.5 4

AC
N
A

σ
π

= = = .........................................Ans. 

 
( )( )

( ) ( )2

2.250 30
0.01146 in.

0.5 4 30,000
AC

PL
AE

δ
π

= = = +
 
 

.................................................... Ans. 
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0 :yF↑Σ =   50 0BD CET F− − =

0 :CMΣ =   ( )900 50 300 0BDT− =

  150 kN (T)BDT =

  100 kN (C)CEF =

 
( )
( ) ( )

3
6 2

6

150 10
120.0 10  N/m 120.0 MPa (T)

1250 10BD
N
A

σ
−

= = = = ................................. Ans. 

 
( )
( ) ( )

3
6 2

6

100 10
133.3 10  N/m 133.3 MPa (C)

750 10CEσ
−

= = = ............................................. Ans. 

 
( )( )

( )
3

6 9

150 10 600
0.98630 mm

1250 10 73 10BD
PL
AE

δ
−

×
= = =

 × × 
 

 
( )( )

( )
3

6 9

100 10 400
0.26667 mm

750 10 200 10CE
PL
AE

δ
−

×
= = =

 × × 
 

 
300 900

CE BD CE aδ δ δ+ +
=  

 ............................................................................................................. Ans. 3.49 mm Av a= = ↓
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0 :CMΣ =   5 10 6A BP T F− − = 0

  (a) 10 6 5A BT F+ = P

 ( )( ) ( )10 6 0.009 10 6 0.015 in.A B Bδ δ δ= + = +  

 
( )

( )( )
( )

( )( )
50 1510 0.015

1.24 30,000 6 4 15,000
A BT F 

=  
 

+  (b) 

If max 30 ksiAσ σ= = , then 

  ( )30 1.24 37.20 kipAT = =

  84.00 kipBF = 175.2 kipP =  

 
84.00 21 ksi 20 ksi  (wrong guess)

4Bσ = = >  

If max 20 ksiBσ σ= = , then 

  ( )20 4 80.00 kipBF = =

  35.9600 kipAT = 167.9 kipP =  

 
35.9600 29.00 ksi 230ksi  (correct guess)

1.24Aσ = = <  

  max 167.9 kipP =
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0 :FMΣ =   300 50 100 0D CP F T− − =

  (a) 2 6D CF T+ = P
 

  ( )2 0.09  mC Dδ δ= + m

 
( )

( )( )
( )

( )( )6 9 6 9

300 150
2 0

625 10 73 10 2500 10 12 10
C DT F
− −

 
 = +

× × × ×  
.09  

  (b) (1.52083 2737.50  NC DT F= + )
Guess that  

 ( )( )
max

6 6100 10 625 10 62,500 N
C CT T Aσ

−

= =

= × × =
 

Then  39,295.98 NDF = 27,383 NP =  

and 
( ) ( )6 2

6

39,295.98 15.72 10  N/m 15.72 MPa
2500 10D

N
A

σ
−

= = = =  

Since max15.72 MPa 30 MPaDσ σ= < = , the guess was correct and 

 ....................................................................................................................... Ans. max 27.4 kNP =
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0 :yF↑Σ =  8 16 0A BT T+ − − =  

0 :BMΣ =   ( ) ( )8 8 4 2 16 0AT− − =

  8.00 kip (T)AT =

  16.00 kip (T)BT =

 ( ) ( )4 tan 4 5 10,000 0.00200  in.A B B Bδ δ θ δ δ= + = + = +  

 
( )

( )
( )

( )
10 16

0.00200
10,600 15,000

A Bσ σ
= +  1.13067 2.12000A Bσ σ= +  

Guess that  

 max 15 ksiB Bσ σ= =  

Then 19.0802 ksiAσ =  

Since max20 ksiA Aσ σ< = , the guess was correct and 

(a) 
8 19.0802 ksiA

N
A A

σ = = ≤  

 ........................................................................................................ Ans. 2
min0.419 in.AA ≥ = AA

 
16 15 ksiB

N
A A

σ = = ≤  ............................................... Ans. 2
min1.067 in.B BA A≥ =

(b) 
( )( )

( )
19.0802 10

0.01800 in.
10,600A

L
E
σδ = = = ........................................................................ Ans. 

 
( )( )
( )
15 16

0.01600 in.
15,000Bδ = = .............................................................................................. Ans. 
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  (a) BT T= S

 0B Sδ δ+ =  

 
( )

( ) ( )
( )( )(6

2 9

800
17.6 10 70 800

0.090 4 100 10
BT

π
−+ × −

  × 
)  

 
( )

( ) ( )
( )( )( )6

2 9

480
11.9 10 70 480 0

0.050 4 200 10
ST

π
−+ + × −

  × 
=  

  (b) ( )60.97200 1.101724 10  NB ST T+ =

  558,683 kN  (both T)B ST T= =

 
( )

( )6 2
2

558,683 87.8 10  N/m 87.8 MPa (T)
0.090 4

B
N
A

σ
π

= = = = .................................... Ans. 

 
( )

( )6 2
2

558,683 285 10  N/m 285 MPa (T)
0.050 4

Sσ
π

= = = ............................................... Ans. 
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 sin 4 5CDθ =  cos 3 5CDθ =  

 sin 12 13ADθ =  cos 5 13ADθ =  

  ( ) 250 25 1250 mmAD BD CDA A A= = = × =

 ( ) ( )12 13 4 5 650 kNAD BD CDT T T+ + =  

 ( ) ( ) ( )612 13 4 5 1250 10 650 kNAD BD CDσ σ σ −+ + × =    

 ( ) ( ) ( )6 212 13 4 5 520 10  N/m 520 MPaAD BD CDσ σ σ+ + = =  (a) 

 ( )sin 12 13AD BD AD BDδ δ θ δ= =  (b) 

 ( )sin 4 5CD BD CD BDδ δ θ δ= =  (c) 

Assume all bars elastic: 

 
( ) ( )

12
180 13 40

AD BDL Lσ σ  =   
   

 4.15385AD BDσ σ=  (b) 

 
( ) ( )

4
200 5 40
CD BDL L

A A
σ σ  =   

   
 4.00000CD BDσ σ=  (c) 

 268.8468 MPa 400 MPa  (elastic)ADσ = <  

 64.7223 MPa 100 MPa  (elastic)BDσ = <  

 258.8893 MPa 240 MPa  (plastic)CDσ = >  

Therefore 

(a) 240 MPa (T)CD yσ σ= = .................................................................................................... Ans. 

 and from Eqs. (a) and (b) 

 67.8482 MPa (T) 67.8 MPa (T)BDσ = ≅ ....................................................................... Ans. 

 282 MPa (T)ADσ = .............................................................................................................. Ans. 

(b) 
( )( )

( )
6

9

67.8482 10 4000
6.78 mm 

40 10D BD
Lv

E
σδ

×
= = = =

×
↓ ............................................ Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

5-142*  
0 :FMΣ =   ( )300 100 50 100 0D CF T− − =

  2 600 kND CF T+ =

  ( ) ( )6 62000 10 2 600 10 600 kND Cσ σ− −× + × =

  (a) ( )6 25 3 1500 10  N/m 1500 MPaD Cσ σ+ = =

  (b) ( )2 0.09  mC Dδ δ= + m
 
Assume both bars elastic.  Then 

 
( )

( )
( )

( )9 9

300 150
2 0

200 10 100 10
C Dσ σ

.09
 
 = +

× ×  
 

  (b) ( )6 22 120 10  N/m 2 120 MPaC D Dσ σ σ= + = +

 327.273 MPa 240 MPa  (plastic)Cσ = >  

 103.636 MPa 410 MPa  (elastic)Dσ = <  

Therefore 

(a) 240.0 MPaC yσ σ= = .......................................................................................................... Ans. 

 and from Eq. (a) 156.0 MPaDσ = .............................................................................................. Ans. 

(b) ( ) ( )( )
( )

6

9

156.0 10 150
6 0.09 6 0.09 1.944 mm 

100 10A Dv a δ
 ×
 = = + = + = ↑

×  
.................. Ans. 
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 1 4tan 26.565
8

θ −= = °  

  ( )( )62.4 8 499.20 psf 3.46667 psip yγ= = = =

 
( ) ( ) ( )22 62.4 4 8

8364.176 lb
3 3
r hW V

πγπγ= = = =  

0 :yF↑Σ =  cos 26.565 0p mpA W Aσσ− − ° =  

 ( ) ( ) ( )( )2499.20 4 8364.176 2 48 1 8 cos 26.565 0mπ σ π− − °  =

 496.109 psi 496 psi (T)mσ = ≅ .......................................Ans. 

 m t

m t

p
r r t
σ σ

+ =  
cos 53.6656 in.

m

t

r
r r θ
= ∞
= =

 

 
( )( )3.46667 53.6656

1488 psi (T)
1 8

t
t

pr
t

σ = = = ........................................................... Ans. 
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2a x
pr
t

σ σ= =  h y
pr
t

σ σ= =  0xyτ =  

 
2

a h
a

pr p
E E tE tE

rσ νσ νε = − = −  

(a) 
( )

( )( )( )
( )( ) ( )

6 9
6 2

300 10 20 200 102 3.030303 10  N/m
1 2 1000 10 1 0.6
a tEp

r
ε

ν

−× ×
= = =

− − −
 

 ........................................................................................ Ans. 3.030303 MPa 3.03 MPap = ≅

(b) 
( )( )

( )
3.030303 1000 10

150.0 MPa
2 2 10a
pr
t

σ
−

= = = ......................................................... Ans. 

 
( )( )

( )
3.030303 1000 10

300.0 MPa
10h

pr
t

σ
−

= = = ......................................................... Ans. 

(c) 3.030303 MPaz pσ = − = −  

 
( ) ( )max min

max

300 3.030303
151.5 MPa

2 2
σ στ

− −−
= = = ............................................ Ans. 

(d) 
( ) ( )

( ) ( )
6 6

6
9

300 10 0.3 150 10
1275 10

200 10
h a

h E
σ νσε −

× − ×−
= = =  

 1275 m/mhε µ= .................................................................................................................... Ans. 
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2 22 2

2 2 2 2 2 2

1.5 3.51 1 50 ksi
3.5 1.5 1.5

i i
t

a p pb
b a a

σ
   

= + = + =   − −   
 

 .................................................................................................................... Ans. 34.5 ksiip =
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(a) 
( )22 2 2

2 2 2 2 2 2

100 125 2251 1 186.5 MPa
225 100 100

i
t

a p b
b a a

σ
   

= + = + =   − −   
.................................. Ans. 

(b) 
( ) ( ) ( )

2
2 2

2 2
1 1i

a
a p a b

b a Ea
δ ν = − + −

ν+  

 

( )
( )( )( )

( )( ) ( )(
2

2 2

2 2

100 125
1 0.30 100 1 0.30 225

225 100 210,000 100

0.106685 mm

aδ ) = − + + −

=

 

 ........................................................................... Ans. ( )2 2 0.106685 0.213 mmi aD δ∆ = = =
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(a) Free-body diagrams for parts of the shaft to the left of sections 

in the intervals AB, BC, CD, and DE of the shaft are shown. 
From the free-body diagrams: 

0 :MΣ =   80 0ABT − =

 .................................................Ans. 80 kip ftABT = + ⋅

0 :MΣ =   80 100 0BCT − + =

 .................................................Ans. 20 kip ftBCT = − ⋅

0 :MΣ =   80 100 40 0CDT − + − =

 .................................................Ans. 20 kip ftCDT = + ⋅

0 :MΣ =   80 100 40 25 0DET − + − − =

 .................................................Ans. 45 kip ftDET = + ⋅
(b) A torque diagram for the shaft is shown below the  

free-body diagrams. 
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 Free-body diagrams for parts of the shaft to the left of sections 

in the intervals AB, BC, CD, and DE of the shaft are shown. 
From the free-body diagrams: 

0 :MΣ =   30 0ABT − =

(b) .....................................Ans. max30 kN mABT = + ⋅ = T

0 :MΣ =   30 40 0BCT − + =

 ................................................Ans. 10 kN mBCT = − ⋅

0 :MΣ =   30 40 15 0CDT − + − =

 ...................................................Ans. 5 kN mCDT = + ⋅

0 :MΣ =   30 40 15 5 0DET − + − − =

 ................................................Ans. 10 kN mDET = + ⋅
(a) A torque diagram for the shaft is shown below the  

free-body diagrams. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

6-3  
(a) Free-body diagrams for parts of the shaft to the left of sections 

in the intervals AB, BC, CD, and DE of the shaft are shown. 
From the free-body diagrams: 

0 :MΣ =   10 0ABT − =

 .................................................Ans. 10 kip ftABT = + ⋅

0 :MΣ =   10 15 0BCT − − =

 .....................................Ans. max25 kip ftBCT = + ⋅ = T
 

0 :MΣ =   10 15 30 0CDT − − + =

 ...................................................Ans. 5 kip ftCDT = − ⋅

0 :MΣ =   10 15 30 15 0DET − − + + =

 .................................................Ans. 20 kip ftDET = − ⋅
 A torque diagram for the shaft is shown below the  

free-body diagrams. 

(b) ............................................Ans. max 25 kip ftBCT T= = + ⋅
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(a) Free-body diagrams for parts of the shaft to the left of sections 

in the intervals AB, BC, and CD of the shaft are shown. 
From the free-body diagrams: 

0 :MΣ =   500 0ABT − =

 ................................................Ans. 500 N mABT = + ⋅

0 :MΣ =   500 100 0BCT − + =

 ................................................Ans. 400 N mBCT = + ⋅

0 :MΣ =   500 100 150 0CDT − + + =

 ................................................Ans. 250 N mCDT = + ⋅
(b) A torque diagram for the shaft is shown below the  

free-body diagrams. 
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 ( )44 432 2 32 1.57080 in.J dπ π= = =  

(a) 
( )( )
( )

18 1
11.46 ksi

1.5708
Tc
J

τ = = = ........................................................................................... Ans. 

(b) 
( )( )

( )( )
18 6 12

0.0688 rad
1.5708 12,000

TL
JG

θ
×

= = = ..................................................................... Ans. 
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 ( ) ( )4 4 4 632 120 80 32 16.33628 10  mmJ dπ π= = − = 4  

(a) 
( )( )
( ) ( )6 2

6

28,000 0.060
102.8 10  N/m 102.8 MPa

16.33628 10o
Tc
J

τ
−

= = = =
×

................................ Ans. 

(b) 
( )( )
( ) ( )6 2

6

28,000 0.040
68.6 10  N/m 68.6 MPa

16.33628 10iτ −
= = =

×
.............................................. Ans. 

(c) 
( )( )

( )( )6 9

28,000 2
0.0429 rad

16.33628 10 80 10
TL
JG

θ
−

= = =
× ×

................................................... Ans. 

(d) ( )2 2120 80 4A r2π π= − =  44.72136 mmr =  

 ( ) ( )44 62 44.72136 2 6.28319 10  mmJ rπ π= = = 4  

 
( )( )

( )( )6 9

28,000 2
0.1114 rad

6.28319 10 80 10
TL
JG

θ
−

= = =
× ×

..................................................... Ans. 
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( )( )

( )4

2.2 12 2
14.5 ksi

32
dTc

J d
τ

π
×

= = ≤   2.10 in.d ≥

 
( )( )
( )( )4

2.2 12 6.5 12 5 rad
18032 4000

TL
JG d

πθ
π
× ×

= = ≤   2.78 in.d ≥

 ........................................................................................................................ Ans. min 2.78 in.d =
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 ( ) ( )44 632 80 32 4.02124 10  mmABJ dπ π= = = 4  

 ( ) ( )44 632 65 32 1.75248 10  mmACJ dπ π= = = 4  

(a) 
( )( )
( ) ( )6 2

6

6000 0.040
59.7 10  N/m 59.7 MPa

4.02124 10AB
Tc
J

τ
−

= = = =
×

................................... Ans. 

 
( )( )
( ) ( )6 2

6

4000 0.0325
74.2 10  N/m 74.2 MPa

1.75248 10AC
Tc
J

τ
−

= = = =
×

................................... Ans. 

(b) 
( )( )

( )( )/ 6 9

6000 2.25
0.04197 rad 0.0420 rad

4.02124 10 80 10B A
AB

TL
JG

θ
−

 = = = ≅  × × 
........... Ans. 

(c) 
( )( )

( )( )/ 6 9

4000 1.60
0.04565 rad

1.75248 10 80 10C A
AC

TL
JG

θ
−

 = = =  × × 
 

 / / / 0.04565 0.04197 0.00368 radC B C A B Aθ θ θ= + = − = ............................................... Ans. 
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 ( ) ( )44 632 100 32 9.81748 10  mmJ dπ π= = =  4

(a)  max 14 kN mT = ⋅

 
( )( )
( ) ( )6 2

max 6

14,000 0.050
71.3 10  N/m

9.81748 10
Tc
J

τ
−

= = =
×

 

 max 71.3 MPaτ = .................................................Ans. 

(b) 
( )( ) ( )( )

( )( )/ 6 9

7000 1.50 8000 1.50
0.001910 rad

9.81748 10 80 10D B
TL
JG

θ
−

− + +
= = = +

× ×
............................. Ans. 

(c) 
( )( )

( )( )/ 6 9

8000 7000 8000 14,000 1.50
0.0439 rad

9.81748 10 80 10E Aθ
−

− + +
= =

× ×
+ .................................... Ans. 
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 ( )4 4 432 4 2 32 23.56194 in.J dπ π= = − = 4  

(a)  max 11 kip ftBCT T= = ⋅

 
( )( )
( )max

11 12 2
11.20 ksi

23.56194
Tc
J

τ
×

= = = ......................... Ans. 

(b) 
( )( ) ( )( )

( )( )/

11 12 5 12 10 12 4 12
23.56194 12,000D B

TL
JG

θ
− × × + + × ×

= =  

 / 0.00764 radD Bθ = − ............................................................................................................. Ans. 

(c) 
( )( )

( )( ) ( )/

9 12 3 12
0.00764 0.00611 rad

23.56194 12,000D Aθ
+ × ×

= + − = .......................................... Ans. 
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(a)  max 5.5 kN mABT T= = ⋅

 
( )( )
( ) ( )6 2

max 4

5500 2
100 10  N/m

32
dTc

J d
τ

π
= = ≤  

 .......................................... Ans. 0.0654 m 65.4 mmd ≥ =

(b) 
( )( ) ( )( ) ( )( )

( ) ( )/ 4 9

5500 2 2500 2 1000 2

0.075 32 80 10
D Aθ

π

+ +
=

  × 

 

 / 0.0724 radD Aθ = .................................................................................................................. Ans. 
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( )

( )4

0.875
8 ksi

1.75 32

TTc
J

τ
π

= = ≤
 
 

 8.42 kip in.T ≤ ⋅  

 
( )

( ) ( )
( )

( ) ( )4 4

3 12 4 12
0.04 rad

2.5 32 4000 1.75 32 4000

T TTL
JG

θ
π π

× ×
= = + ≤

   
   

 

  2.60 kip in.T ≤ ⋅  

 .................................................................................................. Ans. max 2.60 kip in.T = ⋅
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 ( ) ( )4 6 4160 32 64.33982 10  mmAB BCJ J π= = =  

 ( ) ( )4 6 4100 32 9.81749 10  mmCDJ π= =  

 ( ) ( )4 6 450 32 0.61359 10  mmDEJ π= =  

(a) 
( )( )
( ) ( )6 2

3 6

25,000 0.050
127.3 10  N/m

9.81749 10
Tc
J

τ
−

= = =
×

 

 3 127.3 MPaτ = ...................................................................................................................... Ans. 

(b) 
( )( ) ( )( )
( )( )2 6 9

40,000 1 75,000 1
0.0223 rad

64.33982 10 80 10
TL
JG

θ
−

+
= = =

× ×
................................................. Ans. 

(c) 
( )( ) ( )( )
( )( )

( )( )
( )( )/ 6 9 6 9

40,000 1 75,000 1.5 25,000 2
64.33982 10 80 10 9.81748 10 80 10E Aθ

− −

+ −
= +

× × × ×
 

 
( )( )

( )( )6 9

5000 0.5
0.0850 rad

0.61359 10 80 10−

−
+ =

× ×
−  

 / 0.0850 radE Aθ = − ............................................................................................................... Ans. 
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  ABT T= 2CDT T=  

(a) 
( )

( )4

0.75
15 ksi

1.5 32
TTc

J
τ

π
= = ≤  9.94020 kip in.T ≤ ⋅  

 
( )( )
( )4

2 1
15 ksi

2 32
TTc

J
τ

π
= = ≤  11.78 kip in.T ≤ ⋅  

 ................................................................................................................. Ans. max 9.94 kip in.T = ⋅

 
( )( )

( ) ( )4

2 9.94020 3 12
0.03797 rad

2 32 12,000
CD

TL
JG

θ
π

× ×
= = =

 
 

 

 ( ) ( )( )
( ) ( )4

9.94020 4 12
2 0.03797 0.1559 rad

1.5 32 12,000
Aθ

π

×
= + =

 
 

.......................................... Ans. 
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(a) ( )( ) ( )6 22000 0.040 50 10  N/mTc J Jτ = = ≤  

  ( ) ( )6 4 61.600 10  m 1.600 10  mmJ −≥ = 4

 
( ) ( )

4 4
6 4

80
1.600 10  mm

32
id

J
π −

= ≥  .................................... Ans. 70.5 mmid ≤

(b) 
( )( )

( ) ( )
( )( )
( )4 99

2000 3.5 2000 2.5
0.25 rad

28 100.050 32 80 10
TL
JG J

θ
π

= = + ≤
  ×× 

 

 ( ) ( )6 4 61.66272 10  m 1.66272 10  mmJ −≥ = 4  

 
( ) ( )

4 4
6 4

80
1.66272 10  mm

32
id

J
π −

= ≥  70.0 mmid ≤ .................................... Ans. 
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(a) 
( )( )
( )4

30 12 2
12,000 psi

32
dTc

J d
τ

π
×

= = ≤  .................................. Ans. 0.535 in.ABd ≥

(b) ( )( )2 5 30 12 lb ftCDT = = ⋅  

 
( )( )
( )4

12 12 2
12,000 psi

32
dTc

J d
τ

π
×

= = ≤  ................................. Ans. 0.394 in.CDd ≥

(c) 
( )

( ) ( )4 6

12 12
0.5 rad

0.394 32 3.8 10

L
θ

π

×
= ≤
  × 

 ............................. Ans. 31.2 in.L ≤
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(a) 
( )( )

( )
( )6 2

max 4

45,000 0.075
67.9 10  N/m 67.9 MPa

0.075 2
Tc
J

τ
π

= = = = ................................. Ans. 

(b) ( )( )150 450 45 15 kN mCT = = ⋅  15 8 7 kN mDT = − = ⋅  

 
( )( )

( )
( )6 2

max 4

8000 0.040
79.6 10  N/m

0.040 2CEτ τ
π

= = =  

 max 79.6 MPaτ = .................................................................. Ans. 

(c) 
( )( ) ( )( )

( ) ( )4 9

8000 2.5 7000 1.5

0.040 2 80 10
TL
JG

θ
π

+ −
= =

  × 

 

 0.0295 radθ = ..................................................................... Ans. 
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(a) 
( )( )1

4
1

3.6 12 2
18 ksi

32AB

DTc
J D

τ
π
×

= = =  

 .................................................................. Ans. 1 2.30 in.D =

 
( )( )2

4
2

8.8 12 2
18 ksi

32BC

D
D

τ
π
×

= =  

 

 .................................................................................................................... Ans. 2 3.10 in.D =

(b) 
( )( ) ( )( )

( )( )4

3.6 12 5 12 8.8 12 4 12
0.15 rad

32 11,600
TL
JG D

θ
π

× × + × ×
= = =  

 ..................................................................................................................... Ans. 2.59 in.D =
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With the left end of the shaft at  0x =
and the right end of the shaft at x L=  
 r mxρ = +  

 ( )44 2 2J r mπρ π= = + x  

 
( ) ( )44

2
2

T dx T dx T dxd
JG G r mxr mx G

θ
ππ

= = =
  ++ 

 

 
( ) ( ) ( )4 40 0

0

2 2 2 1
3

L
L LT dx T dx Td

G GG r mx r mx m r mx
θ θ

π ππ 3

 −
= = = =  

+ + +  
∫ ∫ ∫  

 
( )
( )

3 3

33

2
3

r mL rT
Gmr r mL

θ
π

 + −
= 

+  
 ........................................................................................... Ans. 
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With the left end of the shaft at  0x =
and the right end of the shaft at x L=  

  T qx=
( )

( ) 44

2
2

qx dxT dx qx dxd
JG Gcc G

θ
ππ

= = =  

 
2

4 40 0

2 2L Lqx dx q qLd x
Gc Gc Gc

θ θ
π π π

= = = =∫ ∫ ∫ 4dx ................................................................ Ans. 
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With the left end of the shaft at x L=  
and the right end of the shaft at 2x L=  

 rx Lρ =  

 ( ) ( )4 4 4 4 4 4
42 2

J R r x R
L

Lπ πρ= − = −  

 
4

4 4 4 4

2T dx TL dxd
JG G r x R L

θ
π

 = =  − 
 

 
4 2

4 4 4 4

2 L

L

TL dxd
G r x R L

θ θ
π

 = =  − ∫ ∫  

 1 1
3

2 2ln 2 tan 2 tan
2 2

TL r R r R r r
GR r r R r R R R

θ
π

− − − +     = −      − +      

+ 


.......................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

6-23*  
With the left end of the shaft at x L=  
and the right end of the shaft at 2x L=  

 rx Lρ =  

 ( )
3 3 3

2 2 3
3

22 2 2 rx r txJ A t t t
L L

πρ ρ πρ πρ π  = = = = = 
 

 

 
3

3 32
T dx TL dxd
JG r tG x

θ
π

 = =  
 

 
3 2

3 3

3
2 16

L

L

TL dx TLd
r tG x Gt r

θ θ 3π π
= = =∫ ∫ ....... Ans. 
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With the left end of the shaft at  0x =
and the right end of the shaft at x L=  

 
2

2
qxT

L
=  

( )
( )

2 2

44

2

2

qx L dxT dx qx dxd
JG GLcc G

θ
ππ

= = =  

 
2

2
4 0 3

Lq qd x dx
GLc Gc

θ θ
π π

= = =∫ ∫ 4

L
................................................................................ Ans. 
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  ( )2 2 3 in.o iA r rπ= − = 2 ( )2 2 3i or r π= −  

 ( ) ( ) ( )24 4 4 2 22 2 3 2 3 4.5o i o o oJ r r r r rπ π π π = − = − − = −  π  

(a) 
( )( )
( ) ( ) 22

3 12 3 12 0.246758 rad
2 33 4.5 11,000 oo

TL
JG rr

θ
ππ

× ×  
= = =  − −   

 

(b) 
( )( )

( )2

3 12 75.3982 ksi
2 33 4.5

o o
c

oo

r rTc
J rr

τ
ππ

×  
= = =  − −   
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( ) ( )

( ) ( ) ( ) ( )

44 4 4

4 4 46 4

2 1 2

50 1 2 9.81748 10 1  mm

o i o i o

i o i o

J r r r r r

r r r r

π π

π

 = − = − 
   = − = × −   

 

 
( )( )

( ) ( ) ( ) ( )4 46 9

7500 2 0.0381972 rad
9.81748 10 1 40 10 1i o i o

TL
JG r r r r

θ
−

= = =
   × − × −   

 

 
( )( )

( ) ( ) ( )

6
2

4 46

7500 0.050 38.1972 10 N/m
9.81748 10 1 1

c

i o i o

Tc
J r r r r

τ
−

×
= = =

   × − −   
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  ( )0.25  in.i or r= −

 ( ) ( )44 4 42 2 0.25 2  in.o i o oJ r r r rπ π π = − = − − 
4  

(a) 
( )( )
( ) ( ) ( )44 44

3 12 3 12 0.0750054 rad
0.252 0.25 2 11,000 o oo o

TL
JG r rr r

θ
π π

 × ×
= = =  

  − −− −    

 

(b) 
( )( )

( ) ( )44 44

3 12 22.91831 ksi
0.252 0.25 2

o o
c

o oo o

r rTc
J r rr r

τ
π π

 ×
= = =  

  − −− −    

 

(c) As the outside radius increases, the shear stress decreases.  Between r 0.5 in.o =  and  the 1.5 in.or =
decrease in shear stress is very dramatic.  Between 1.5 in.or =  and 2.0 in.or =  the decrease in shear stress 

is much less dramatic.  And beyond r 2.0 in.o =  the decrease in shear stress is very slight.  Therefore, a 

reasonable maximum value for the outside radius would be around 1.5 in.or =  
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( ) ( )

/

1.5 0.75ABAB
D A

AB BC CD

T L TTL
J G J G J G

θ
−

= + +  ( )9 2

2500 N m

28 10  N/m
AB BC CD

AB BC CD

T T T T

G G G G

= = = = ⋅

= = = =
 

 ( ) ( )44 632 100 32 9.81748 10  mmBCJ dπ π= = = 4  

 ( ) ( )4 6 475 32 3.10631 10  mmCDJ π= =  

(a) For d  75 mm=

 
( )

( )

4 4

6 4

100 75 32

6.71117 10  mm

ABJ π= −

=
 

 ( )( )3
/ 4.20948 28.0135 10  radD A ABLθ −= +  

(b) For d  90 mm=

 
( )

( )

4 4

6 4

100 90 32

3.37623 10  mm

ABJ π= −

=
 

 ( )( )3
/ 17.3508 28.0135 10  radD A ABLθ −= +  
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(a) 
( )( )
( )max 4

15 1.5
2.83 ksi (T)

1.5 2c
Tc
J

σ τ
π

= = = = .................................................................... Ans. 

(b) 
( )( )
( )max 4

15 1
9.55 ksi (C)

1 2c
Tc
J

σ τ
π

= = = = ........................................................................ Ans. 

(c) 
( )( )
( ) ( )

( )( )
( ) ( )4 4

15 3 12 15 4 12
0.0439 rad

1.5 2 12,000 1 2 12,000
TL
JG

θ
π π

− × − ×
= = + = −

   
   

................. Ans. 
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 max max 75 MPa 80 MPaTc Jσ τ= = ≤ ≤  

 
( )

( ) ( )max 6 2
4 4

0.045
75 10  N/m

0.090 0.050 32
T

π
=

−
 

 ......................................................................................... Ans. max 9710 N m 9.71 kN mT = ⋅ = ⋅
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 0 ksix yσ σ= =  55θ = − °  

 
( )( )

( )4 4

1.00 0.75
4.38797 ksi

1.5 1.35 32xy
Tc
J

τ
π
−

= = = −
−

 

(a) 2 2cos sin 2 sin cosn x y xyσ σ θ σ θ τ θ= + + θ  

 ( ) ( ) ( )0 0 2 4.38797 sin 55 cos 55 4.12 ksi (T)nσ = + + − − ° − ° = ................................ Ans. 

 ( ) ( )2 2sin cos cos sinnt x y xyτ σ σ θ θ τ θ θ= − − + −  

 ( ) ( ) ( )2 20 4.38797 cos 55 sin 55 1.501 ksintτ  = + − − ° − − ° = +  ................................ Ans. 

(b) max 4.39 ksi (T)T xyσ τ= = ................................................................................................... Ans. 

 max 4.39 ksi (C)C xyσ τ= = ................................................................................................... Ans. 
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 ( ) ( )4 4 6

60 120 60 32 19.08517 10  mmJ π= − = 4  

 ( ) ( )4 4 6
100 120 100 32 10.54004 10  mmJ π= − = 4  

(a) 
( )( )

( ) ( )6 2
max 6

7500 0.060
23.6 10  N/m 23.6 MPa

19.08517 10
Tc
J

σ τ
−

= = = = = ........................... Ans. 

(b) 
( )( )

( ) ( )6 2
max 6

7500 0.060
42.7 10  N/m 42.7 MPa

10.54004 10
σ

−
= = = ............................................ Ans. 

(c) 
( )( )

( )( )60 6 9

7500 2
0.00982 rad

19.08517 10 80 10
TL
JG

θ
−

−
= = = −

× ×
........................................... Ans. 

 
( )( )

( )( )100 6 9

7500 2
0.01779 rad

10.54004 10 80 10
TL
JG

θ
−

−
= = = −

× ×
.......................................... Ans. 
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(a) ( )( )4 12 1500 500 lb ftBCT = = ⋅ ........................................................................................ Ans. 

(b) ............................................................................................... Ans. 500 250 250 lb ftCDT = − = ⋅

(c) ( ) ( )( )
( )max 4

1500 12 1
11,459 psi 11.46 ksi

1 2
Tcmotor
J

τ
π

×
= = = ≅  

 ........................................................... Ans. ( ) ( )max max 11.46 ksi (T&C)motor motorσ τ= =

 ( ) ( )( )
( )max 4

500 12 0.625
15,646 psi 15.65 ksi

1.25 32
powerτ

π

×
= = ≅  

 ......................................................... Ans. ( ) ( )max max 15.65 ksi (T&C)power powerσ τ= =
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( )( )
( )

( )6 2
4

4 0.080
150 10  N/m

0.080 2AB

TTc
J

τ
π

= = ≤  

  ( )330.2 10  N mT ≤ ⋅  

 ( ) ( )6 2 6150 10  N/m 260 10  N/mAB ABσ τ= = ≤ 2  

 
( )

( )
( ) ( )6 2 6 2

4

0.050
75 10  N/m 125 10  N/m

0.050 2BC BC

T
σ τ

π
= = ≤ ≤  

 ( )314.73 10  N mT ≤ ⋅  

 
( )( )

( ) ( )
( )( )

( ) ( )4 49 9

4 2 1.5 2.5  rad
1800.080 2 45 10 0.050 2 76 10

T TTL
JG

πθ
π π

= = + ≤
   × ×   

 

  9140 N mT ≤ ⋅
 ................................................................................................................. Ans. max 9.14 kN mT = ⋅
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0 :MΣ =   9 21 10Q− + − + = 0

  20 kip ftQ = ⋅

  max 11 kip ftBCT T= = ⋅

(a) 
( )( )
( )4 4

11 12 2
11.20 ksi

2 1 2BC
Tc
J

τ
π

×
= = =

−
 

 max 11.20 ksi (C)BCσ τ= = ......................................... Ans. 

(b) 
( )( )
( )4 4

11 12 1
5.60 ksi

2 1 2BC
Tc
J

τ
π

×
= = =

−
 

 max 5.60 ksi (C)BCσ τ= = ........................................... Ans. 

(c) 
( )( )

( ) ( )4 4

9 3 11 5 10 4 12 12
0.00611 rad

2 1 2 12,000
TL
JG

θ
π

× − × + × ×
= = = +

 − 
......................................... Ans. 
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 ( ) ( )44 632 20 2 0.251327 10  mmJ dπ π= = =  4

(a) 
( )( )

( ) ( )6 2
6

600 0.020
47.7 10  N/m

0.251327 10AB
Tc
J

τ
−

= = =
×

 

 47.7 MPaABτ = ..................................................Ans. 

 
( )( )

( ) ( )6 2
6

120 0.020
9.55 10  N/m

0.251327 10BCτ
−

= =
×

 

 9.55 MPaBCτ = ................................................... Ans. 

 
( )( )

( ) ( )6 2
6

840 0.020
66.8 10  N/m 66.8 MPa

0.251327 10CDτ
−

= = =
×

........................................... Ans. 

 
( )( )

( ) ( )6 2
6

120 0.020
9.55 10  N/m 9.55 MPa

0.251327 10DEτ
−

= = =
×

........................................... Ans. 

(b) max max max 66.8 MPa (T&C)T C Tσ σ τ= = = ...................................................................... Ans. 

(c) 
( )( )
( )( )6 9

600 120 840 120 1.5
0.1319 rad

0.251327 10 76 10
TL
JG

θ
−

+ + +
= = =

× ×
................................................. Ans. 
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(a) 
0.172  rad

6
TL
JG

θ = =  

 
( )( )
( ) ( )

( ) ( )
( ) ( )

11
4 4

9 12 4812 24 0.172 rad
61 2 12,000 2 2 12,000

TT

π π

− × ×  + =
   
   

 

 ................................Ans. 1 2.66776 kip ft 32.0 kip in.T = ⋅ ≅ ⋅

(b) 
( )( )

( )4

2.66776 12 1
20.4 ksi

1 2BC
Tc
J

τ
π

×
= = =  

 20.4 ksi (T)BC BCσ τ= = ..................................................Ans. 

(c) 
( ) ( )

( )4

2.66776 9 12 2
6.05 ksi (C)

2 2
CD CDσ τ

π

− ×  = = = ................................................... Ans. 
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( ) ( )32 1802 240 10  N m/s

60 60
TNTPower T

ππω= = = = ⋅  

  ( )312.73240 10  N mT = ⋅

 
( )( ) ( )6 2

4

12,732.40 2
80 10  N/m

32
dTc

J d
τ

π
= = =  

 ............................................................................................. Ans. 0.0932 m 93.2 mmd ≥ =
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( )

( ) ( )4

20 12
0.06 rad

4 32 12,000

TTL
JG

θ
π

×
= = =

 
 

 

  75.39822 kip in. 6.28319 kip ftT = ⋅ = ⋅

 
( )( )
( )( )

2 270 6283.192 323 hp
60 60 550
NTPower T

ππω= = = = .............................................. Ans. 
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( )

( ) ( )6 2
4 4

0.050
80 10  N/m

0.050 0.030 2
TTc

J
τ

π
= = =

−
 13,672.211 N mT = ⋅  

(a) 
( )( ) ( )32 200 13,672.2112 286 10  N m/s

60 60
NTPower T

ππω= = = = ⋅  

 ........................................................................................................... Ans. 286 kWPower =

(b) 
( )( )

( ) ( )4 4 9

13,672.211 3
0.0600 rad

0.050 0.030 2 80 10
TL
JG

θ
π

= = =
 − × 

...................................... Ans. 
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 ( ) ( )2 60 2 60 60 20,000 550  lb ft/sPower T NT Tω π π= = = = × ⋅  

 ( ) ( )6 61.750704 10  lb ft 21.00845 10  lb in.T = ⋅ = ⋅  

(a) 
( )( )

( )

3

4

21.00845 10 15
3.96 ksi

15 2
Tc
J

τ
π

×
= = = ...................................................................... Ans. 

(b) 
( )( )

( ) ( )

3

4

21.00845 10 20 12
0.00528 rad

15 2 12,000
TL
JG

θ
π

× ×
= = =

 
 

.................................................... Ans. 
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 ( ) ( )32 400 60 200 10  N m/sPower T Tω π= = = ⋅  4774.648 N mT = ⋅  

(a) 
( )( ) ( )6 2

4

4774.648 2
70 10  N/m

32
dTc

J d
τ

π
= = =  0.0703 md =  

 
( )( )

( )4 9

4774.648 1.5
0.045 rad

32 80 10
TL
JG d

θ
π

= = =
  × 

 0.0671 md =  

 ............................................................................................................... Ans. min 70.3 mmd =

(b) 
( )
( )

( )6 2
4

0.075 2
50 10  N/m

0.075 32
T

τ
π

= =  4141.748 N mT = ⋅  

 
( ) ( )32 4141.748

200 10  N m/s
60

N
Power

π
= = ⋅ 461 rpmN = ...................... Ans. 
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 ( ) ( )2 60 2 3800 60 162 550  lb ft/sPower T NT Tω π π= = = = × ⋅  

  223.90588 lb ft 2686.8705 lb in.T = ⋅ = ⋅

(a) 
( )( )

4

2686.8705 2
5000 psi

32
d

d
τ

π
= =  1.39878 in. 1.399 in.d = ≅ ...................... Ans. 

(b) 
( )( )2686.8705 1.5

5000 psiTc
J J

τ = = =   40.80606 in.J =

 
( )4 4

4
3

0.80606 in.
32

id
J

π −
= =  ....................... Ans. 2.92090 in. 2.92 in.id = ≅

(c) ( )
( ) ( )

( )

22 2

2

3 2.92090 4 1.39878 4
100 (100) 76.1

1.39878 4
h s

s

W W
W

π π

π

  − −−    = =
 
 

−  

 .............................................................................................. Ans. % 76.1%reduction =
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( ) ( )32 18002 1200 10  N m/s

60 60
TNTPower T

ππω= = = = ⋅  

  6366.1977 N mT = ⋅

 
( )( )

( )
( )6 2

44

6366.1977 2
100 10  N/m

0.75 32

dTc
J d d

τ
π

= = =
 − 

 0.0780 md =  

 
( )( )
( ){ }( )44 9

6366.1977 3
0.20 rad

0.75 32 80 10

TL
JG d d

θ
π

= = =
 − × 

 0.0844 md =  

 ............................................................................................................... Ans. min 84.4 mmd =

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

6-45*  

Motor shaft: 
( ) ( )2 18002 350 550  lb ft/s

60 60
TNTPower T

ππω= = = = × ⋅  

  1021.24422 lb ft 12,254.93 lb in.T = ⋅ = ⋅

 
( )( )

4

12.25493 2
15 ksi

32
dTc

J d
τ

π
= = =  1.61 in.d =  

 
( )( )
( )( )4

12.25493 10 12
0.10 rad

32 12,000
TL
JG d

θ
π

×
= = =  1.880 in.d =  

 ............................................................................................... Ans. ( )min 1.880 in.d motor =

Power shaft: 
( ) ( )2 2002 350 550  lb ft/s

60 60
TNTPower T

ππω= = = = × ⋅  

  9191.19796 lb ft 110,294.4 lb in.T = ⋅ = ⋅

 
( )( )

4

110.2994 2
15 ksi

32
dTc

J d
τ

π
= = =  3.35 in.d =  

 
( )( )
( )( )4

110.2994 10 12
0.10 rad

32 12,000
TL
JG d

θ
π

×
= = =  3.26 in.d =  

 ................................................................................................. Ans. ( )min 3.35 in.d power =
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 2 6Power T NT 0ω π= =  

 ( ) ( )32 250 60 200 10  N m/sABTπ = ⋅  7639.4373 N mABT = ⋅  

 ( ) ( )32 250 60 75 10  N m/sBCTπ = ⋅  2864.7890 N mBCT = ⋅  

(a) 
( )( ) ( )6 2

4

7639.4373 2
75 10  N/m

32
dTc

J d
τ

π
= = =  0.0804 md =  

 ................................................................................................................... Ans. 1 80.4 mmd =

(b) 
( )( ) ( )6 2

4

2864.7890 2
75 10  N/m

32
dTc

J d
τ

π
= = =  0.0579 md =  

 .................................................................................................................. Ans. 2 57.9 mmd =

(c) 
( )( ) ( )( )

( ) ( )4 9

7639.4373 1 2864.7890 2
0.0538 rad

0.075 32 80 10
TL
JG

θ
π

+
= = =

  × 

...................................... Ans. 
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(a) Motor shaft: 
( ) ( )12 3602 100 550  lb ft/s

60 60
TNTPower T

ππω= = = = × ⋅  

  1 1458.92031 lb ft 17,507.0 lb in.T = ⋅ = ⋅

 
( )( )1

4
1

17.5070 2
12 ksi

32
dTc

J d
τ

π
= = =  ........................................ Ans. 1 1.951 in.d =

(b) Power shaft: ( ) ( )96 16 6 360 2160 rpmpower motorN N= = =  

 
( ) ( )2 21602 100 550  lb ft/s

60 60
TNTPower T

ππω= = = = × ⋅  

 ( )2 1243.15339 lb ft 2917.84 lb in. 6T T= ⋅ = ⋅ =  

 
( )( )2

4
2

2.91784 2
12 ksi

32
d

d
τ

π
= =  2 1.074 in.d = ........................................ Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

6-48  
(a) Shaft D: ( ) ( )48 24 2 400 800 rpmD EN N= = =  

 
( ) ( )32 8002 40 10  N m/s

60 60
DTNTPower T

ππω= = = = ⋅   477.4648 N mDT = ⋅

 
( )( ) ( )6 2

4

477.4648 2
70 10  N/m

32
D

D

d
d

τ
π

= =  0.0326 m 32.6 mmDd = = ........... Ans. 

(b) Shaft E: 
( ) ( )32 4002 180 10  N m/s

60 60
DTNTPower T

ππω= = = = ⋅  

  4297.1835 N mET = ⋅

 
( )( ) ( )6 2

4

4297.1835 2
70 10  N/m

32
E

E

d
d

τ
π

= =  ............ Ans. 0.0679 m 67.9 mmEd = =

(c) Shaft F: ( ) ( )48 24 2 400 800 rpmF EN N= = =  

 
( ) ( )32 8002 80 10  N m/s

60 60
ETNTPower T

ππω= = = = ⋅   954.9297 N mET = ⋅

 
( )( ) ( )6 2

4

954.9297 2
70 10  N/m

32
E

E

d
d

τ
π

= =  0.0411 m 41.1 mmEd = = ............. Ans. 
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Equilibrium: Torque diagram 

Deformations: 0AB BCθ θ+ =  TL JGθ =  

 
( )( ) ( ) ( )3.5 12 32

0AA TT
JG JG

× − −  + =  

  25.200 kip in.A AT T= ⋅ = B−

  ( )3.5 12 16.800 kip in.BC AT T= × − = ⋅

(a) 
( )( )

( )max 4

25.200 1
16.04 ksi

2 32
ABT c
J

τ
π

= = = ................... Ans. 

(b) 
( )( )
( ) ( )4

25.200 2 12
0.0321 rad

2 32 12,000
AB

TL
JG

θ θ
π

− ×
= = = = −

 
 

................................................. Ans. 
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 ( ) ( )4 4 4 632 125 100 32 14.15097 10  mmSJ dπ π= = − = 4  

 ( ) ( )4 4 6175 125 32 68.10875 10  mmMJ π= − = 4  

Equilibrium:  (a) 10 kN mS MT T+ = ⋅

Deformations: S Mθ θ=  TL JGθ =  

 
( )( ) ( )( )6 9 614.15097 10 80 10 68.10875 10 65 10

S MT L T L
− −

=
× × × × 9

 

 3.91057M ST = T  (b) 

  2.03642 kN mST = ⋅ 7.96358 kN mMT = ⋅  

(a) 
( )( )
( ) ( )6 2

6

2036.42 0.0625
8.99 10  N/m 8.99 MPa

14.15097 10S
Tc
J

τ
−

= = = =
×

................................ Ans. 

 
( )( )
( ) ( )6 2

6

7963.58 0.0875
10.23 10  N/m 10.23 MPa

68.10875 10Mτ −
= = =

×
..................................... Ans. 

(b) 
( )( )

( )( )6 9

2036.42 2
0.00360 rad

14.15097 10 80 10S
TL
JG

θ θ
−

= = = =
× ×

........................................ Ans. 
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(a) 
( )

( )4

1.5
15 ksi

3 32
TTc

J
τ

π
= = ≤  ..................................................... Ans. 79.5 kip in.T ≤ ⋅

(b) S Aθ θ=  TL JGθ =  

 
( ) ( ) ( ) ( )4 4 43.5 3 32 40003 32 11,600

S AT L T L
ππ

=
   −  

  3.40127S AT T=

Guess that 
( )

( ) max4

1.5
15 ksi

3 32
S

S

TTc
J

τ τ
π

= = = =  

Then  79.52156 kip in.ST = ⋅ 23.37998 kip in.AT = ⋅  

and 
( )( )

( ) max4 4

23.37998 1.75
6.03 ksi 12 ksi   (correct guess)

3.5 3 32Aτ τ
π

= = ≤ =
−

 

Therefore ...................................................................................... Ans. max 102.9 kip in.A ST T T= + = ⋅
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 ( ) ( )4 4 4 632 80 60 32 2.74889 10  mmBJ dπ π= = − = 4  

 ( ) ( )4 6 460 32 1.272345 10  mmAJ π= =  

 
( )( ) ( )( )6 9 6 92.74889 10 45 10 1.272345 10 28 10

B AT L T L
− −

=
× × × ×

 

  3.47222B AT T=

(a) 
( )

( ) ( )6 2
6

0.040
150 10  N/m

2.74889 10
B

B

TTc
J

τ
−

= = =
×

 

  10,308.35 N mBT = ⋅ 2968.807 N mAT = ⋅  

 ...................................................................................... Ans. max 13.28 kN mB AT T T= + = ⋅

(b) 
( )( )
( ) ( )6 2

6

2968.807 0.030
70.0 10  N/m 70.0 MPa

1.272345 10A
Tc
J

τ
−

= = = =
×

............................... Ans. 
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Equilibrium: Torque diagram 

Deformations: 0AB BCθ θ+ =  TL JGθ =  

 
( )( )

( )
( )( )

( )
5 12 8 12

0
11,600 6500
A AT T T

J J
− × − ×

+ =  

  1.35022 AT T=

Guess that 
( )( )

( ) max4

1.5
6 ksi

3 32
A

B

T TTc
J

τ τ
π

−
= = = =  

Then  31.80863 kip in.AT T− = ⋅

  90.82586 kip in.A ST T= ⋅ = −

and 
( )( )

( ) max4

90.82586 1.5
17.13 ksi 18 ksi   (correct guess)

3 32Sτ τ
π

= = ≤ =  

Therefore .............................................................. Ans. ( )max 1.35022 90.82586 122.6 kip in.T = = ⋅
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 ( ) ( )44 632 40 32 0.251327 10  mmBJ dπ π= = =  4

 ( ) ( )4 4 680 40 32 3.76991 10  mmSJ π= − = 4  

 ( ) ( )4 4 6100 80 32 5.79624 10  mmAJ π= − = 4  

Equilibrium:  (a) A ST T T T= + + B

Deformations: A S Bθ θ θ= =  TL JGθ =  

 
( )( ) ( )( ) ( )( )6 9 6 9 65.79624 10 28 10 3.76991 10 80 10 0.251327 10 39 10

SA BT LT L T L
− −

= =
× × × × × × 9−

 

  (b) 16.5577AT = BT

  (c) 30.7693ST = BT

(a)  16.5577 30.7693 15 kN mB B BT T T+ + = ⋅

  0.31039 kN mBT = ⋅ 5.13928 kN mAT = ⋅  9.55034 kN mST = ⋅  

 
( )( )
( ) ( )6 2

6

310.39 0.020
24.7 10  N/m 24.7 MPa

0.251327 10B
Tc
J

τ
−

= = = =
×

.................................. Ans. 

 
( )( )
( ) ( )6 2

6

5139.28 0.050
44.3 10  N/m 44.3 MPa

5.79624 10Aτ −
= = =

×
............................................ Ans. 

 
( )( )
( ) ( )6 2

6

9550.34 0.040
101.3 10  N/m 101.3 MPa

3.76991 10Sτ −
= = =

×
........................................ Ans. 

(b)  16.5577 30.7693 10 kN mB B BT T T+ + = ⋅

  0.206924 kN mBT = ⋅ 3.42618 kN mAT = ⋅  6.36690 kN mST = ⋅  

 
( )( )

( )( )6 9

206.924 3
0.0633 rad

0.251327 10 39 10B
TL
JG

θ θ
−

= = = =
× ×

.......................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

6-55*  
Equilibrium:  (a) 1000 lb in.S PT T T+ = = ⋅

Deformations: , ,AB P AB Sθ θ=  TL JGθ =  

(a) 
( )

( ) ( )
( )

( ) ( )4 4 4

12 12
2.25 2 32 12,0002 32 150

P ST T
ππ

=
   −  

 

  (b) 48.1445ST = PT

  20.3482 lb in.PT = ⋅ 979.6518 lb in.ST = ⋅  

 
( )( ) ( )( )

( ) ( )4 3

20.3482 12 1000 4
0.01801 rad

2 32 150 10
TL
JG

θ
π

+
= = =

  × 

.......................................... Ans. 

(b) 
( )( )

( ) ( )4 3

1000 4
0.01698 rad

2 32 150 10
θ

π
= =
  × 

.................................................................... Ans. 

(c) ( )0.01801 0.01698% 100 5.75%
0.01801

error −
= = ................................................................. Ans. 
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 ( ) ( )4 4 6100 50 32 9.20388 10  mmSJ π= − = 4  

 ( ) ( )4 4 6125 102 32 13.34170 10  mmMJ π= − = 4  

 S Mθ θ=  TL JGθ =  

 
( )( ) ( )( )6 9 69.20388 10 80 10 13.34170 10 65 10

S MT L T L
− −

=
× × × × 9

  0.84906S MT T=

Guess that 
( )

( ) ( )6 2
max6

0.05
70 10  N/m

9.20388 10
S

S

TTc
J

τ τ
−

= = = =
×

 

Then  12,885.4 N mST = ⋅ 15,176.2 N mMT = ⋅  

and 

( )( )
( ) ( )6 2

6

max

15,176.2 0.0625
71.1 10  N/m

13.34170 10

85 MPa   (correct guess)

Mτ

τ

−
= =

×

≤ =

 

(a) .............................. Ans. max 12.885 15.176 28.061 kN m 28.1 kN mS MT T T= + = + = ⋅ ≅ ⋅

(b) 
( )( )

( )( )6 9

12,885.4 2.5
0.0437 rad

9.20388 10 80 10S
TL
JG

θ θ
−

= = = =
× ×

............................................ Ans. 
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Equilibrium:  1.5S AT T T T= + = A 0.5S AT T=  

Deformations: A Sθ θ=  TL JGθ =  

 
( ) ( )

( )
( )4

0.5
12,0002 32 4000

AA

S

T LT L
Jπ

=
 
 

  40.26180 in.SJ =

 
( )4 4

4
2

0.26180 in.
32S

d
J

π −
= =  ( )2.07858 in. 2 1d t= = +  

 .......................................................................................................................... Ans. 0.0393 in.t =
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  B ST T=

 B Sθ θ=  TL JGθ =  

 
( ) ( )9 945 10 80 10

SB

B S

T LT L
J J

=
× ×

 1.77778B SJ J=  

 
( ) ( )

4 4 4100
1.77778 1.77778

32 32B S

d dJ J
π π−

= = =  

 .......................................................................................................................... Ans. 77.5 mmd =
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Equilibrium: Torque diagram 

Deformations: 0AB BCθ θ+ =  TL JGθ =  

 
( )( )
( )

( ) ( )
( )4 4 4

25 12 10 125 12
0

4 2 324 32
AA TT

GG ππ

× − × − ×  + =
   −  

 

  204.255 kip in.A AT T= ⋅ = B−

  ( )25 12 95.7447 kip in.BC AT T= × − = ⋅

(a) 
( )( )

( )4

204.255 2
16.25 ksi

4 32AB
Tc
J

τ
π

= = =  

 
( )( )
( )4 4

95.7447 2
8.13 ksi

4 2 32BCτ
π

= =
−

 ............................ Ans. max 16.25 ksiABτ τ= =

(b) 
( )( )
( ) ( )4

204.255 5 12
0.0406 rad

4 32 12,000
AB

TL
JG

θ θ
π

− ×
= = = = −

 
 

................................................ Ans. 
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 ( ) ( )44 632 75 32 3.10631 10  mmBJ dπ π= = =  4

)

 ( ) ( )4 6 460 32 1.272345 10  mmMJ π= =  

Equilibrium: Torque diagram 

Deformations: 0AB BCθ θ+ =  TL JGθ =  

 
( )( )

( )( )
( )[ ]

( )(6 9 6 9

15,000 0.4500.300
0

3.10631 10 39 10 1.272345 10 65 10
AA TT

− −

−−
+ =

× × × ×
 

  10,308.49 N mA AT T= ⋅ B 15,000 4691.51 N mBC AT T= − = − = ⋅  

(a) 
( )( )
( ) ( )6 2

6

10,308.49 0.0375
124.4 10  N/m 124.4 MPa

3.10631 10AB
Tc
J

τ
−

= = = =
×

...................... Ans. 

 
( )( )
( ) ( )6 2

6

4691.51 0.030
110.6 10  N/m 110.6 MPa

1.272345 10BCτ
−

= = =
×

...................................... Ans. 

(b) 
( )( )

( )( )6 9

10,308.49 0.300
0.0255 rad

3.10631 10 39 10AB
TL
JG

θ θ
−

−
= = = = −

× ×
........................................ Ans. 

(c) max max 124.4 MPaT C ABσ σ τ= = = ..................................................................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

6-61  

 ( )44 432 6 32 127.2345 inJ dπ π= = =  

 

(a) 
( )

( )( )
6 12

0.0018 rad
127.2345 12,000

TTL
GJ

θ
×

= = =  

 ...............................................Ans. 38.17035 kip in. 3.18 kip ftT = ⋅ ≅ ⋅
 

(b) 
( )

( )( )
9 12

0.0018 rad
127.2345 12,000

bTTL
GJ

θ
×

= = =  

  25.44690 kip in.bT = ⋅

 
( )( )
( )

25.44690 3
0.600 ksi

127.2345
Tc
J

τ = = =  

 600 psiτ = ..................................................................... Ans. 

 
(c) Equilibrium: Torque diagram 

 Deformations: 0A AB BCθ θ θ+ + =  TL JGθ =  

 
( )( )

( )( )
( )( )

( )( )
3 12 6 12

0.0018 0
127.2345 12,000 127.2345 12,000

A AT T T− × − ×
− + + =  

Guess that 
( )( )

( ) max

3
10 ksi

127.2345
A

AB

TTc
J

τ τ= = = =  

Then  424.1150 kip in.A AT T= ⋅ B= −

  250.2279 kip in.A BT T T− = ⋅ = C

and 
( )( )
( ) max

250.2279 3
5.90 ksi 10 ksi   (correct guess)

127.2345BCτ τ= = ≤ =  

Therefore  max 250.2279 424.1150 674.3429 kip in.T = + = ⋅

 ........................................................................................................... Ans. max 56.2 kip ftT = ⋅
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0 :MΣ =   ( )4 0.075 0AT V− =

  
( )

( )( )6 6

0.300 0.300

0.300 60 10 150 10 2700 N m
AT V Aτ

−

= =

= × × = ⋅

Equilibrium: Torque diagram 

Deformations: 0AB BC CDθ θ θ+ + =  TL JGθ =  

 
( )( )

( ) ( )
( )( )

( ) ( )
( )( )

( ) ( )4 4 49 9 9

2700 0.3 2700 0.6 2700 0.3
0

0.075 32 28 10 0.075 32 80 10 0.075 32 80 10

T

π π π

− − −
+ +

   
   

 =
 × × × 

(a) .................................. Ans. 15,814.3 N m 15.81 kN mT = ⋅ ≅ ⋅

(b)  15,814.3 2700 13,114.3 N mCDT = − = ⋅

  ( )max 13,114.3 N mCDT steel T= = ⋅

 
( )(

( )
)

max 4

13,114.3 0.0375

0.075 32
CD

Tc
J

τ τ
π

= = =
 
 

 

 ........................... Ans. ( )6 2
max 158.3 10  N/m 158.3 MPaτ = =
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The torque of the shear force V  is C ( )1C CT V V= = C  and the 

torque of the shear force DV  is ( )1D D DV= =T V . 

Equilibrium: Torque diagrams 

Deformations: , ,CD h CD sθ θ=  TL JGθ =  

 
( )

( ) ( )
( )

( ) ( )44 4 6 6

1000
2 1 32 12 10 1 32 12 10

C CV L V L
π π

−
=

   − × ×   

 

Therefore  62.500 lbCV =

and  1000 1000 62.5 937.500 lbD CV V= − = − =

 ( )( )225,000 4 62.500 lbC CV A dτ π= = =  

 ...................................................... Ans. 0.0564 in.Cd =

 ( )( )225,000 4 937.500 lbD DV A dτ π= = =  

 ........................................................ Ans. 0.219 in.Dd =
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 ( ) ( )44 632 80 32 4.02124 10  mmSJ dπ π= = = 4  

 ( ) ( )4 4 6120 80 32 16.33628 10  mmBJ π= − = 4  

Equilibrium:  (a) 27 kN mS BT T+ = ⋅

Deformations: , ,AB S AB Bθ θ=  TL JGθ =  

 
( )

( )( )
( )

( )( )6 9 6

1.5 1.5
4.02124 10 86 10 16.33628 10 39 10

S BT T
− −

=
× × × × 9

 

  (b) 1.84230BT = ST

  17.50065 kN mBT = ⋅ 9.49935 kN mST = ⋅  

(a) 
( )( )
( ) ( )6 2

6

9, 499.35 0.040
94.5 10  N/m 94.5 MPa

4.02124 10S
Tc
J

τ
−

= = = =
×

................................ Ans. 

(b) 
( )( )
( ) ( )6 2

6

17,500.65 0.060
64.3 10  N/m 64.3 MPa

16.33628 10Bτ −
= = =

×
......................................... Ans. 

(c) max max 64.3 MPa (C)σ τ= = ................................................................................................ Ans. 

(d) 
( )( ) ( )( )
( )( )6 9

9, 499.35 1.5 9000 1
0.01518 rad

4.02124 10 86 10
TL
JG

θ
−

+ −
= = =

× ×
............................................ Ans. 
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Equilibrium: Torque diagram 

Deformations: 0AB BC CDθ θ θ+ + =  TL JGθ =  

 
( )

( )
( )

( )
( )( )

( )
24 24 24

0
6000 12,000 12,000

A A AT T T T
J J J

−
+ + =  

Guess that 
( )( )

( ) max4

2
12 ksi

4 32
A

CD

T TTc
J

τ τ
π

−
= = = = −  

Then  150.79645 kip in.A CT T T− = − ⋅ = D

BC  50.26548 kip in.A AT T= ⋅ = B T=

 
( )( )

( ) max4

50.26548 2
4.00 ksi 5 ksi   (okay)

4 32ABτ τ
π

= = ≤ =  

and 
( )( )

( ) max4

50.26548 2
4.00 ksi 12 ksi   (okay)

4 32BCτ τ
π

= = ≤ =  

Therefore .......................... Ans. max 50.26548 150.79645 201.062 kip in. 201 kip in.T = + = ⋅ ≅ ⋅
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 ( ) ( )44 632 100 32 9.81748 10  mmJ dπ π= = =  4

=

Equilibrium: Torque diagram 

Deformations: 0AB BC CDθ θ θ+ + =  TL JGθ =  

 
( )( )
( )

( )( )
( )

( )( )
( )9 9 9

2 20 2 40 1.5
0

80 10 80 10 40 10
A A AT T T

J J J
− − −

+ +
× × ×

 

  22.85714 kN mA AT T= ⋅ B= −
  20 2.85715 kN mBC AT T= − = − ⋅
  40 17.14286 kN mCD AT T= − = ⋅

(a) 
( )( )
( ) ( )6 2

6

17,142.86 0.050
87.3 10  N/m 87.3 MPa

9.81748 10B
Tc
J

τ
−

= = = =
×

............................... Ans. 

(b) 
( )( )
( ) ( )6 2

6

22,857.14 0.050
116.4 10  N/m 116.4 MPa

9.81748 10Sτ −
= = =

×
.................................... Ans. 

(c) 
( )( )

( )( )6 9

22,857.14 2
0.0582 rad

9.81748 10 80 10
TL
JG

θ
−

−
= = = −

× ×
................................................... Ans. 
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 ( )4 4 432 6 4 32 102.1018 inABJ dπ π= = − = 4  

 ( )4 44 32 25.1327 inBCJ π= =  

Initially 
( )( )

( )( )
40 12 6 12

0.02821 rad
102.1018 12,000i

TL
GJ

θ
× ×

= = =  

After the torque is removed , and AB CDT T=

Deformations: / /B A C D slip iθ θ θ+ + =θ  TL JGθ =  

 
( )

( )( )
( )

( )( )
6 12 4 12

0.010 0.02821 rad
102.1018 12,000 25.1327 4000

AB BCT T× ×
+ + =  

  33.9540 kip in.AB CDT T= = ⋅

(a) 
( )( )
( )

33.9540 2
2.70 ksi

25.1327A
Tc
J

τ = = = .................................................................................. Ans. 

(b) 
( )( )
( )
33.9540 3

0.998 ksi
102.1018Sτ = = .......................................................................................... Ans. 

(c) 
( )( )
( )( )

33.9540 6 12
0.001995 rad

102.1018 12,000
TL
GJ

θ
− ×

= = = − ......................................................... Ans. 
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 ( ) ( )44 632 80 32 4.02124 10  mmSJ dπ π= = =  4

 ( ) ( )4 4 6160 140 32 26.62500 10  mmBJ π= − = 4  

Initially 
( )( )

( )( )6 9

10,000 0.800
0.02487 rad

4.02124 10 80 10i
TL
GJ

θ
−

= = =
× ×

 

After the torque is removed , and ST T= B

Deformations: S B iθ θ θ+ =  TL JGθ =  

 
( )

( )( )
( )

( )( )6 9 6 9

0.800 0.800
0.02487 rad

4.02124 10 80 10 26.62500 10 40 10
S BT T

− −
+ =

× × × ×
 

  7680.1087 N mS BT T= = ⋅

(a) 
( )( )
( ) ( )6 2

6

7680.1087 0.080
23.1 10  N/m 23.1 MPa

26.62500 10B
Tc
J

τ
−

= = = =
×

............................. Ans. 

(b) 
( )( )
( ) ( )6 2

6

7680.1087 0.040
76.4 10  N/m 76.4 MPa

4.02124 10Sτ −
= = =

×
....................................... Ans. 

(c) 
( )( )

( )( )6 9

7680.1087 0.800
0.01910 rad

4.02124 10 80 10
TL
GJ

θ
−

−
= = = −

× ×
................................................ Ans. 
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 ( ) ( ) ( )4 44 4 4 432 2 1 2 8 1  in.o i o i o i oJ d r r r r r r rπ π π π   = = − = − = −   
4  

Equilibrium: Torque diagram 
Deformations: 0AC CBθ θ+ =  TL JGθ =  

 
( )( )

( )
( )( )

( )
3 12 7.5 2 12

0
4000 4000

A AT T
J J
− × − ×

+ =  

  3.000 kip ftA AT T= ⋅ = C

  7.5 4.500 kip ftCB AT T= − = ⋅

(a) 
( )( )

( ) ( )4

3 12 3 12
rad

8 1 4000i o

TL
JG r r

θ
π

− × ×
= =

 − 

 

(b) 
( )( )

( )4

4.5 12 2
 ksi

8 1 i o

Tc
J r r

τ
π

×
= =

 − 
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Equilibrium: Torque diagram 
Deformations: 0AC CBθ θ+ =  TL JGθ =  

 
( )( )
( )

( )( )
( )9 9

2 2
0

80 10 40 10
A A

s b

T T T
J J
− −

+ =
× ×

 

 ( )1 2A b sT J J+ =   T  

 4 32s sJ dπ=  4 32b bJ dπ=  

  200 mmb sd d+ =

In terms of the diameter ratio ( )b sr d d=  

 ( )200 1sd r= +  ( )200 1b sd rd r r= = +  

Method of solution: 

Guess 
( ) ( )2

maxs s
s s

s

T d
J

τ τ= =  

Compute , T T , T , A sT T= − A bT− = bτ , and ACθ  

Check  and (maxb bτ τ≤ ) maxACθ θ≤  

Guess 
( ) ( )2

maxb b
b b

b

T d
J

τ τ= =  

Compute , A bT T T− = s A= −T T , T , sτ , and ACθ  

Check  and (maxs sτ τ≤ ) maxACθ θ≤  

Guess maxACθ θ=  

Compute , T T , T , A sT T= − A bT− = bτ , and sτ  

Check  and  (maxb bτ τ≤ ) ( )maxs sτ τ≤
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( )4 44

4
4

 in.
32 32

a
S

ddJ
ππ −

= =  
4

4in.
32

a
Al

dJ π
=  

Equilibrium:  (a) 6.00 kip ft 72.00 kip in.St AlT T+ = ⋅ = ⋅

Deformations: ST Alθ θ=  TL JGθ =  

 
( ) ( )12,000 4000

St Al

St Al

T L T L
J J

=  
3 St Al

St
Al

J TT
J

=  (b) 

 
4

4

72 36  kip in.
3 384
Al a

Al
Al St a

J dT
J J d

= =
+ −

⋅  

 
( )4

4

108 256216 kip in.
3 384

aSt
St

Al St a

dJT
J J d

−
= =

+ −
⋅  

 
( )

4

2 183.3465 ksi
384

Al a a
Al

Al a

T d d
J d

τ = =
−

 

 
( )

4

2 72 550.0395 ksi
3 384

St a Al a
St

St Al St a

T d J d
J J J d

τ = = =
+ −

 

 
( ) 4

36 3.30024  rad
4000 384

Al

Al a

T
J d

θ = =
−
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( ) ( )

44
6 4120

20.3575 10  mm
32 32
dJ

ππ
= = =  

 
( )22

218
254.4690 mm

4 4b
dA

ππ
= = =  

Equilibrium:  (a) A CT T T+ =

Deformations: 0total slip AB BCθ θ θ θ= + + =  TL JGθ =  

 

( )( )
( )( )

( )

6 9

6

0.75
20.3575 10 80 10

0.460518 10  rad

A
AB

A

T

T

θ
−

−

−
=

× ×

= −

 

 

( )( )
( )( )

( )( )

6 9

6

1.50
20.3575 10 80 10

0.921036 10  rad

A
BC

A

T T

T T

θ
−

−

−
=

× ×

= −

 

If 1 0.0174533 radBCθ ≤ ° = , then 0A ABT θ= =  

  ( )61.08573 10  NBC A BCT T T T θ= − = =

If 1 0.0174533 radBCθ = ° = , then 0A ABT θ= =  

  18,949.63 NBCT T= =

If 1 0.0174533 radBCθ ≥ ° = , then 

 ( ) ( ) ( )( )6 60.0174533 0.460518 10 0.921036 10 0A AT T− −  − + − + −   T  =  
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  ( )0.666667 12,633.09  NA AT T= − = BT−

  ( )0.333333 12,633.09  NBC AT T T T= − = +

(a) 
( )( )

( ) ( ) 2
6

0.060
2947.32  N/m

20.3575 10
A

AB A

TTc T
J

τ
−

= = =
×

 

 
( )( )
( ) ( ) 2

6

0.060
2947.32  N/m

20.3575 10
A

BC A

T TTc T T
J

τ
−

−
= = = −

×
 

 [ ] [ ]( ) ( )6 68 0.150 8 0.150 254.4690 10 305.3628 10A b bT V bτ τ− −= = × =  

(b) 
( )

( )
( )

( )6 6

0.666667 12,633.09
305.3628 10 305.3628 10

A
b

T T
τ

− −

−
= =

× ×
 

 ( )6 22183.197 41.37076 10  N/mb Tτ  = −   

(c)  ( )( )60.921036 10  radB BC AT Tθ θ −= = −
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Assume that the steel shaft extends all the way through the aluminum shell and attaches to the wall at D. 

 
( )4 44

4
3 2

6.38136 in.
32 32a
dJ

ππ −
= = =  

( )4
4

2
1.57080 in.

32aJ
π

= =  

Equilibrium:  (a) s aT T T+ =

Deformations: , ,CD s CD aθ θ=  TL JGθ =  

 
( )

( )( )
( )

( )( )
12 12

1.57080 12,000 6.38136 4000
s aT T

=  

  (b) 1.35416aT = sT

  0.575221aT T= , 0.424779s CDT T=  ,s CBT T=  

(a) 
( )( )

( )
0.575221 1.5

0.135211  ksi
6.38136a

TTd T
J

τ = = =  

 
( )( )

( )
1

0.636618  ksi
1.57080s

T
Tτ = =  

(b)  ( )2 2a bT V Aτ= = b

 
( )2

0.575221 1.46479  ksi
2 2 0.5 4

b
p

V T T
A

τ
π

= = =
 
 

 

(c) 
( )( )
( )( )

( )( )
( )( )

0.424779 12 18
0.00122535  rad

1.57080 12,000 1.57080 12,000
T T

Tθ = + =  
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( ) ( )

44
6 4120

20.35752 10  mm
32 32s
dJ

ππ
= = =  TL JGθ =  

 
( ) ( )

4 4
6 4

120 60
19.08518 10  mm

32aJ
π −

= =  

 
( ) ( )

4
6 460

1.272345 10  mm
32bJ

π
= =  

Equilibrium:  s CT T= −  (a) 

 D C aT T T T− = + b  (b) 

Deformations: 0total CD slip EFθ θ θ θ= + + =  (c) 

 ,EF a EF b,θ θ=  (d) 

 

( )( )
( )( )

( )( )

6 9

6

2
20.35752 10 80 10

1.22805 10  rad

C
CD

C

T

T

θ
−

−

−
=

× ×

= −

 

 

( )( )
( )( )

( )( )

, 6 9

6

1.40
19.08518 10 28 10

2.61983 10  rad

a
EF a

a

T

T

θ
−

−

=
× ×

=
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( )( )

( )( ) ( )( )6
, 6 9

1.40
24.45179 10  rad

1.272345 10 45 10
b

EF b b

T
Tθ −

−
= =

× ×
 

If 3 0.0523599 radCDθ ≤ ° = , then C DT T=  0a b EFT T θ= = =  

If 3 0.0523599 radCDθ ≥ ° = , then 

 ( )( ) ( )( )62.61983 10 24.45179 10aT− = 6
bT−  (d) 

  9.33335a bT T=

 ( ) ( )( )6 31.22805 10 2.61983 10 0
180C aT T6π−− + + − =  (c) 

 [ ] [ ]42,636.60 2.13333  N 42,636.60 19.91107  NC aT T= + = + bT  

 ( ) ( )42,636.60 19.91107 9.33335D bT T= + + b bT T+  (b) 

  ( )0.0330639 1409.734  Nb DT T= − ( )0.308597 13,157.54  Na DT T= −  

  ( )0.658338 14,567.29  Ns DT T= − +

   
( )( )

( )6

0.030
20.35752 10

s
s

T
τ

−
=

×
 

( )( )
( )6

0.060
19.08518 10

a
a

T
τ

−
=

×
( )( )

( )6

0.030
1.272345 10

b
b

T
τ

−
=

×

 
( )( )

( )( )6 9

2
20.35752 10 80 10

s
D CD

T
θ θ

−
= =

× ×
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( )2
50 3.97887 ksi
4 4

x
N
A

σ
π

= = =  0 ksiyσ =  

 
( )( )
( )4

30 2
2.38732 ksi

4 32xy
Tc
J

τ
π

= = =  

 
( )

( ) ( )
1 12 2 2.387321 1tan tan 25.10 , 64.90

2 2 3.97887 0
xy

p
x y

τ
θ

σ σ
− −= = = ° −

− −
°  

 
2

2
1, 2 2 2

x y x y
p p xy

σ σ σ σ
σ τ

+ − 
= ± + 

 
 

 ( )
2

2
1, 2

3.97887 3.97887 2.38732 1.98944 3.10760 ksi
2 2p pσ  = ± + = ± 

 
 

 1 1.98944 3.10760 5.10 ksi (T)pσ = + =   ...................................................... Ans. 25.10°

 2 1.98944 3.10760 1.118 ksi 1.118 ksi (C)pσ = − = − =   ........................... Ans. 64.90°

 3 0 ksip zσ σ= = ..................................................................................................................... Ans. 

 max 3.10760 ksi 3.11 ksipτ τ= = ≅ .................................................................................... Ans. 
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( )

( ) ( )
3

6 2
2 2

1500 10
27.2837 10  N/m 27.3 MPa

0.400 0.300 4x
N
A

σ
π

= = = ≅
−

................... Ans. 

 
( )( )
( ) ( )

3
6 2

4 4

350 10 0.200
40.7437 10  N/m 40.7 MPa

0.400 0.300 32xy
Tc
J

τ
π

×
= = = ≅

−
............... Ans. 

 0 MPay z xz yzσ σ τ τ= = = = ............................................................................................... Ans. 

 
( )

( ) ( )
1 12 2 40.74371 1tan tan 35.74 , 54.26

2 2 27.2837 0
xy

p
x y

τ
θ

σ σ
− −= = = ° −

− −
°  

 
2

2
1, 2 2 2

x y x y
p p xy

σ σ σ σ
σ τ

+ − 
= ± + 

 
 

 ( )
2

2
1, 2

27.2837 27.2837 40.7437 13.6419 42.9668 MPa
2 2p pσ  = ± + = ± 

 
 

 1 13.6419 42.9668 56.6 MPa (T)pσ = + =   ................................................... Ans. 35.74°

 2 13.6419 42.9668 29.3 MPa 29.3 MPa (C)pσ = − = − =   ........................ Ans. 54.26°

 3 0 Mpap zσ σ= = ................................................................................................................. Ans. 

 max 42.9668 MPa 43.0 MPapτ τ= = ≅ ............................................................................ Ans. 
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( )2
2800 891.268 psi
2 4

x
N
A

σ
π

= = =  0 psiyσ =  

 
( ) ( )2 15002 360 550  lb ft/s

60 60
TNTPower T

ππω= = = = × ⋅  

  1260.50715 lb ft 15,126.09 lb in.T = ⋅ = ⋅

 
( )( )

( )4

15,126.09 1
9629.565 psi

2 32xy
Tc
J

τ
π

= = =  

 
( )

( ) ( )
1 12 2 9629.5651 1tan tan 43.68 , 46.32

2 2 891.268 0
xy

p
x y

τ
θ

σ σ
− −= = = ° −

− −
°  

 
2

2
1, 2 2 2

x y x y
p p xy

σ σ σ σ
σ τ

+ − 
= ± + 

 
 

 ( )
2

2
1, 2

0.891268 0.891268 9.629565 0.44563 9.63987 ksi
2 2p pσ  = ± + = ± 

 
 

 1 0.44563 9.63987 10.08 ksi (T)pσ = + =   .................................................... Ans. 43.68°

 2 0.44563 9.63987 9.19 ksi 9.19 ksi (C)pσ = − = − =   ............................... Ans. 46.32°

 3 0 ksip zσ σ= = ..................................................................................................................... Ans. 

 max 9.63987 ksi 9.64 ksipτ τ= = ≅ .................................................................................... Ans. 
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( )

( )
( )

3
6 2

2

125 10
44.20971 10  N/m

0.060 4x
N
A

σ
π

= = =   20 N/myσ =

 
( )

( )
2

4

0.030
23,578.51  N/m

0.060 32xy

TTc T
J

τ
π

= = =  

 
2

2
1 2 2

x y x y
p x

σ σ σ σ
yσ τ

+ − 
= + + 

 
 

 ( )
2

23
1

44.20971 44.20971 23.57851 10 100 MPa
2 2p Tσ − = + + × ≤ 

 
 

  3167.83 N mT ≤ ⋅ max 3.17 kN mT = ⋅ ........................................................ Ans. 
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( )( )
( )4

100 2
7.95775 ksi

4 32xy
Tc
J

τ
π

= = =  0 ksiyσ =  

 ( )
2 2

22
1 7.95775 18 ksi

2 2 2 2
x y x y x x

p xy

σ σ σ σ σ σσ τ
+ −   = + + = + + ≤   

  
 

 14.48190 ksixσ ≤  

 ( ) ( )2

max

4
14.48190 182.0 kip

4xP A
π

σ
 

= = = 
  

............................................................. Ans. 
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( )( )

( )

3
2

4

35 10 0.075
52.81586 N/m

0.150 32xy
Tc
J

τ
π

×
= = =   20 N/myσ =

 ( )
2 2

22 52.81586 60 MPa
2 2

x y x
p xy

σ σ στ τ
−   = + = + ≤   

  
 

 56.93802 MPaxσ ≤  

 ( )
2 2

22
2 52.81586 96 MPa

2 2 2 2
x y x y x x

p xy

σ σ σ σ σ σσ τ
+ −   = − + = − + ≥ −   

  
 

 66.94255 MPaxσ ≥ −  

 ( ) ( ) ( )
2

6 6
max

0.150
56.93802 10 1.006 10  N

4xP A
π

σ
 

= = × = 
  

 

 ............................................................................................................... Ans. max 1006 kN (C)P =
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( )2
175 6.18936 ksi
6 4

x
N
A

σ
π

= = =  0 ksiyσ =  

 
( )( )
( )4

175 3
4.12624 ksi

6 32xy
Tc
J

τ
π

= = =  

 
( )

( ) ( )
1 12 2 4.126241 1tan tan 26.57 , 63.43

2 2 6.18936 0
xy

p
x y

τ
θ

σ σ
− −= = = ° −

− −
°  

 
2

2
1, 2 2 2

x y x y
p p xy

σ σ σ σ
σ τ

+ − 
= ± + 

 
 

 ( )
2

2
1, 2

6.18936 6.18936 4.12624 3.09468 5.15780 ksi
2 2p pσ  = ± + = ± 

 
 

 1 3.09468 5.15780 8.25 ksi (T)pσ = + =   ...................................................... Ans. 26.57°

 2 3.09468 5.15780 2.06 ksi 2.06 ksi (C)pσ = − = − =   ............................... Ans. 63.43°

 3 0 ksip zσ σ= = ..................................................................................................................... Ans. 

 max 5.15780 ksi 5.16 ksipτ τ= = ≅ .................................................................................... Ans. 
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( )22

2100
7853.98 mm

4 4AB
dA

ππ
= = =  

( )2 2
2

160 100
12,252.21 mm

4BCA
π −

= =  

 
( ) ( )

4
6 4100

9.81748 10  mm
32ABJ

π
= =  

( ) ( )
4 4

6 4
160 100

54.5223 10  mm
32BCJ

π −
= =  

 
( )6

127.324
7853.98 10AB

AB

P P P
A

σ
−

= = =  

 
( )6

81.6180
12,252.21 10BC

BC

P P P
A

σ
−

= = =  

 
( )( )
( ) ( )6 2

6

10,000 0.050
50.9296 10  N/m 50.9296 MPa

9.81748 10AB
Tc
J

τ
−

= = = =
×

 

 
( )( )
( ) ( )6 2

6

30,000 0.080
44.0187 10  N/m 44.0187 MPa

54.5223 10BC
Tc
J

τ
−

= = = =
×

 

Since both ABσ  and ABτ  are larger than BCσ  and BCτ , the maximum stresses will occur in section AB, 

 ( )
2 2

22
1 50.9296 140 MPa

2 2 2 2
x y x y x x

p xy

σ σ σ σ σ σσ τ
+ −   = + + = + + ≤   

  
 

 121.473 MPaxσ ≤  

 ( )
2 2

22 50.9296 80 MPa
2 2

x y x
p xy

σ σ στ τ
−   = + = + ≤   

  
 

 123.389 MPaxσ ≤  

 ( )( ) ( )6 6
max 121.473 10 7853.98 10 954 10  NxP Aσ −= = × × = 3  

 ................................................................................................................. Ans. max 954 kN (C)P =
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( )22

2
4

4
12.5664 in.

4 4
dA

ππ
= = =  

( )2
2

6

6
28.2743 in.

4
A

π
= =  

 
( )44

4
4

4
25.1327 in.

32 32
dJ

ππ
= = =  

( )4
4

6

6
127.2345 in.

32
J

π
= =  

 4
4

125 9.94716 ksi
12.5664

P
A

σ = = =  
( )

( )4

2
0.0795776

25.1327
TTc T

J
τ = = =  

 6
6

125 4.42098 ksi
28.2743

P
A

σ = = =  
( )( )

( )6

3 3
0.0707355

127.2345
TTc T

J
τ = = =  

Since both 4σ  and 4τ  are larger than 6σ  and 6τ ,  

the maximum stresses will occur in the  section 4-in.

 
2 2

2 2
1

9.94716 9.94716 15 ksi
2 2 2 2

x y x y
p xy

σ σ σ σ
σ τ

+ −   = + + = + + ≤   
  

xyτ  

 8.70589 ksixyτ ≤  

 
2 2

2 29.94716 10 ksi
2 2

x y
p xy xy

σ σ
τ τ τ

−   = + = + ≤   
  

 

 8.67545 ksixyτ ≤  

 
( )( )2

8.67545 ksi
25.1327xy

TTc
J

τ = = =  

 ............................................................................................................... Ans. max 109.0 kip in.T = ⋅
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( )( )

( )

3
2

222

200 10 339,530.545 N/m
0.5 4

x
N
A dd d

σ
π

− −
= = =

 − 

  20 N/myσ =

 
( )( )

( )
2

344

7500 0.5 40,743.665 N/m
0.5 32

xy

dTc
J dd d

τ
π

= = =
 − 

 

 

( )

2
2

2

2 2
6 2

2 2 3

2 2

169,765.273 169,765.273 40,743.665 100 10  N/m

x y x y
p xy

d d d

σ σ σ σ
σ τ

+ − 
= − + 

 

− −   = − + ≤ −   
   

 

Simplifying yields 

  ( ) ( )6 6 3 410 10 33.9531 10 1.66005 0d d− − =

from which ...................................................................................... Ans. 0.0830 m 83.0 mmd = =
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 2 2

20 25.46479 ksi
4 dx

N
A d

σ
π

= = =  0 ksiyσ =  

 
( ) ( )2 18002 240 550  lb ft/s

60 60
TNTPower T

ππω= = = = × ⋅  

  700.28175 lb ft 8403.3810 lb in.T = ⋅ = ⋅

 
( )( )

4 3

8.403381 0.5 42.79807 ksi
32xy

dTc
J d d

τ
π

= = =  

 
2 2

1 2 2 3

12.73240 12.73240 42.79807 15 ksip d d d
σ    = + + ≤   

   
 

Simplifying yields 

  6 4225 381.9720 1831.6746 0d d− − =
from which 

 ........................................................................................................................... Ans. 1.662 in.d =
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 [ ] ( )
( )

( )( ) ( )
3

6
45 22

210 10
1084 0.30 754 10 197.9539 MPa

1 1 0.30a b
Eσ ε νε
ν

−= + = + − =  − −
 

 [ ] ( )
( )

( ) ( )( ) ( )
3

6
45 22

210 10
754 0.30 1084 10 98.9539 MPa

1 1 0.30b a
Eσ ε νε
ν

−
− = + = − + = −  − −

 

 ( ) ( ) ( ) ( )2 2
45 cos 45 sin 45 2 sin 45 cos 45x y xyσ σ σ τ= ° + ° + ° °  

 ( ) ( ) ( ) ( )2 2
45 cos 45 sin 45 2 sin 45 cos 45x y xyσ σ σ τ− = − ° + − ° + − ° − °  

For a shaft subjected to an axial load  and a torque T :  P 20 N/myσ =

Therefore 0.50 197.9539 MPax xyσ τ+ =  

 0.50 98.9539 MPax xyσ τ− = −  

Solving yields 99.0000 MPaxσ =  148.4539 MPaxyτ =  

 ( ) ( ) ( )
2

6 30.025
99 10 48.6 10  N 48.6 kN

4xP A
π

σ= = × = = ...................................... Ans. 

 
( ) ( )

( ) ( )
46

3
148.4539 10 0.025

455 10  N m 455 kN m
32 0.0125

xy JT
c

πτ ×
= = = ⋅ = ⋅ ............... Ans. 
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( ) ( ) ( ) ( ) ( ) ( )

2 2

2 2

cos sin sin cos

36 cos 45 150 sin 45 sin 45 cos 45 310
n x y xy

xy

ε ε θ ε θ γ θ θ

γ

= + +

= ° + ° + ° ° =

 434.00 radxyγ µ=  

 [ ]
( )

( )( ) ( )6
22

30,000 36 0.30 150 10 2.67033 ksi
1 1 0.30

a x a b
Eσ σ ε νε
ν

−= = + = + =  − −
 

 [ ]
( )

( ) ( )( ) ( )6
22

30,000 150 0.30 36 10 5.30110 ksi
1 1 0.30

b y b a
Eσ σ ε νε
ν

−= = + = + =  − −
 

 
( )( )2 2.67033 0.3752 200 psi

10
atp

r
σ

= = = .............................................................. Ans. 

 
( )

( )( )
( )

630,000 434.00 10
5.00769 ksi

2 1 2 1 0.30
xy

xy

Eγ
τ

ν

−×
= = =

+ +
 

 ( )4 4 432 20.75 20 32 2492.075 inJ dπ π= = − = 4  

 
( )(

( )
)5007.69 2492.075

10.375
xy JT
c

τ
= =  

 ................................................................... Ans. ( )61.20285 10  lb in. 100.2 kip ftT = ⋅ = ⋅
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 [ ] ( )
( )

( )( ) ( )
3

6
45 22

200 10
1414 0.30 212 10 296.7912 MPa

1 1 0.30a b
Eσ ε νε
ν

−= + = + − =  − −
 

 [ ] ( )
( )

( ) ( )( ) ( )
3

6
45 22

200 10
212 0.30 1414 10 46.6374 MPa

1 1 0.30b a
Eσ ε νε
ν

−
− = + = − + =  − −

 

 ( ) ( ) ( ) ( )2 2
45 cos 45 sin 45 2 sin 45 cos 45x y xyσ σ σ τ= ° + ° + ° °  

 ( ) ( ) ( ) ( )2 2
45 cos 45 sin 45 2 sin 45 cos 45x y xyσ σ σ τ− = − ° + − ° + − ° − °  

For a shaft subjected to an axial load  and a torque T :  P 20 N/myσ =

Therefore 0.50 296.7912 MPax xyσ τ+ =  

 0.50 46.6374 MPax xyσ τ− =  

Solving yields 343.4286 MPaxσ =  125.0769 MPaxyτ =  

 ( ) ( ) ( )
2

6 30.050
343.4286 10 674 10  N 674 kN

4xP A
π

σ= = × = = ........................... Ans. 

 
( ) ( )

( ) ( )
46

3
125.0769 10 0.050

3.07 10  N m 3.07 kN m
32 0.025

xy JT
c

πτ ×
= = = ⋅ = ⋅ ............. Ans. 
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( )( )
( )

360 24
14,400 psi 14.400 ksi

0.6x
pr
t

σ = = = =  

 
( )2 2

14.400 28.000 5.97741 ksi
2 2 24.6 24 4y
pr P
t A

σ
π

= − = − =
−

 

 
( )( )
( )4 4

550 12 24.6
48.01566 ksi

24.6 24 32xy
Tc
J

τ
π
− ×−

= = = −
−

 

(a) ( )1tan 4 3 53.130θ −= − = − °  

  ( ) ( ) ( ) ( )
( ) ( ) ( )

2 2

2 2

cos sin 2 sin cos

14.4 cos 53.130 5.97741 sin 53.130

                   2 48.01566 sin 53.130 cos 53.130

n x y xyσ σ θ σ θ τ θ θ= + +

= − ° + − °

+ − − ° − °

 55.1 ksi 55.1 ksi (T)nσ = + = ............................................................................................. Ans. 

 

( ) ( )
( ) ( ) ( ) ( )

( ) ( ) ( )

2 2

2 2

sin cos cos sin

14.4 5.97741 sin 53.130 cos 53.130

                   48.01566 cos 53.130 sin 53.130

nt x y xyτ σ σ θ θ τ θ θ= − − + −

= − − − ° − °  
 + − − ° − − ° 

 

 17.49 ksintτ = ........................................................................................................................ Ans. 

(b) 
( )

( ) ( )
1 12 2 48.015661 1tan tan 42.494 , 47.506

2 2 14.4 5.97741
xy

p
x y

τ
θ

σ σ
− − −

= = = − ° +
− −

°  

 

( ) ( ) ( ) ( ) ( )

2
2

1, 2

2
2

2 2

14.4 5.97741 14.4 5.97741
48.01566

2 2

x y x y
p p xy

σ σ σ σ
σ τ

+ − 
= ± + 

 

+ − 
= ± + − 

 

 

  ( ) ( )1 10.18871 48.19999 58.3887 ksipσ = + =

 1 58.4 ksi (T)pσ ≅   .................................................................................... Ans. 42.494°

  ( ) ( )2 10.18871 48.19999 38.0113 ksipσ = − = −

 2 38.0 ksi (C)pσ ≅   ................................................................................... Ans. 47.506°

 ............................................................... Ans. ( )3 0.360  ksi 0.360 ksi (C)p pσ = − = − =

 
( ) ( )max min

max

58.3887 38.0113
48.2 ksi

2 2
σ στ

− −−
= = = .................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

6-90  

 ( ) ( )22
2 2 0.120

4 4
s

o i
dA d d

πππ
= − = =

4
 ( )22 0.120i od d= −  

 ( )4 4 432 32o iJ d d dπ π= = −  

 
( )

( )
( )

3
6 2

2

250 10
22.10485 10  N/m

0.120 4x
P
A

σ
π

= = =  

 
( )( )
( )

( )
( )

3
2

4 4 4 4

101.85916 1020,000 2
N/m

32
oo

xy
o i o i

ddTc
J d d d d

τ
π

−−−
= = =

− −
 

 ( )
2

2

1 2 2
x x

p x
σ σσ τ = + + 

 
y  ( )

2
2

max 2
x

xy
στ τ = + 
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( ) ( )2 15002 360 550  lb ft/s

60 60
TNTPower T

ππω= = = = × ⋅  

  1260.50715 lb ft 15,126.09 lb in.T = ⋅ = ⋅

 2 2

2800 3565.071 psi
4x

P
A d d

σ
π

= = =  

 
( )( )

4 3

15,126.09 2 77,036.54 psi
32xy

dTc
J d d

τ
π

−− −
= = =  

 ( )
2

2

1 2 2
x x

p x
σ σσ τ = + + 

 
y  ( )

2
2

max 2
x

xy
στ τ = + 
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 12 100 0.12r d = =  

 135 100 1.35D d = =  

Therefore, from Fig. 6-25b  1.6tK ≅

 ( ) ( )4 632 100 4 32 9.81748 10  mmJ dπ π= = = 4  

 ( ) ( )( )
( )max 6

10,000 0.050
1.6

9.81748 10t
TcK
J

τ
−

= =
×

 

 .......................................................................... Ans. ( )6 2
max 81.5 10  N/m 81.5 MPaτ = =
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 0.15 3 0.05r d = =  

 4 3 1.3333D d = =  

Therefore, from Fig. 6-25b  2.0tK ≅

 ( )44 432 3 32 7.95216 in.J dπ π= = =  

 ( ) ( )( )
( )max

4 12 1.5
2 18.11 ksi

7.95216t
TcK
J

τ
×

= = = ................................................................... Ans. 
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( )( )
( )

( )6 2
4

614 0.025
40 10  N/m

0.050 32
t t
TcK K
J

τ
π

= = =
 
 

 

  1.60tK = 4.5 50 0.09r d = =  

Therefore, from Fig. 6-25b 1.2D d ≅  

 ............................................................................................. Ans. ( )1.2 1.2 50 60 mmD d= = =
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 0.125 6 0.021r d = =  8 6 1.3333D d = =  

Therefore, from Fig. 6-25b  2.6tK ≅

 ( ) ( )
( )max 4

3
2.6 12 ksi

6 32t

TTcK
J

τ
π

= = =  

 ............................................................................................................ Ans. 195.7 kip in.T = ⋅

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

6-96*  
 5 5 1h r = =  5 100 0.05r d = =  

Therefore, from Fig. 6-25a  1.85tK ≅

 ( ) ( )
( )

( )6 2
max 4

0.050
1.85 60 10  N/m

0.100 32t

TTcK
J

τ
π

= = =  

 ............................................................................ Ans. ( )36.37 10  N m 6.37 kN mT = ⋅ = ⋅
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 max 12 8 1.50t nomK τ τ= = =  5 4 1.25D d = =  

Therefore, from Fig. 6-25b 0.125r d ≅  

 ...................................................................................... Ans. ( )0.125 0.125 4 0.50 in.r d= = =
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( )( ) ( )6 2

max 4

3270 2
60 10  N/m

32t t

dTcK K
J d

τ
π

= = =  

  (a) ( )3 277.56622 10 td −= 6 K

 Guess  Then Eq. (a) 2.0tK ≅ 0.08219 md =  

 5 82.19 0.061r d = =  100 82.19 1.22D d = =  

 and from Fig. 6-25b  1.8tK ≅

 2nd guess  Then Eq. (a) 1.8tK ≅ 0.07935 md =  

 5 79.35 0.063r d = =  100 79.35 1.26D d = =  

 and from Fig. 6-25b  1.8tK ≅

Therefore, the 2nd guess was correct, and 79 mmd = ..................................................................... Ans. 
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 0.5 0.25 2h r = =  0.25 1 0.25r d = =  

Therefore, from Fig. 6-25a  1.65tK ≅

 ( ) ( )( )
( )max 4

500 0.5
1.65 4201.69 psi

31 32
y

t
TcK
J

σ
τ

π
= = = =  

 12,605.1 ksi 12.61 ksiyσ = ≅ ..................................................................................... Ans. 
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(a) 
( )

( )
( )6 2

4

0.050
120 10  N/m

0.100 32
TTc

J
τ

π
= = =  

 .................................Ans. ( )323.5619 10  N m 23.6 kN mT = ⋅ ≅ ⋅

(b) Plastic zone 0 cρ≤ ≤  120 MPayρτ τ= =  

 

( ) ( )( )

( ) ( )

0.050 6

0

3
6 3

120 10 2

0.050240 10 31.4159 10  N m
3

31.4159 kN m

T dA dρ τ ρ πρ ρ

π

= = ×

 
= = 

 
= ⋅

∫ ∫
⋅  

 ( )31.4159 23.5619% 100 33.3%
23.5619

Inc −
= = .................................................................... Ans. 
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Elastic zone 0 yrρ≤ ≤  
24 ksiy

y yr rρ

τ ρ ρτ = =  

Plastic zone yr cρ≤ ≤  24 ksiyρτ τ= =  

 

(a)  1.5 in.yr =

 

( ) ( ) ( )( )

( )

1.5 2

0 1.5

4 3 3

24 2 24 2
1.5

48 1.5 2 1.548
1.5 4 3

T dA d dρρ τ ρ πρ ρ ρ πρ ρ

π π

= = +

   −
= +   

   

∫ ∫ ∫
 

 ...................................................................................................................... Ans. 360 kip in.T = ⋅

(b) .  1.0 inyr =

 

( ) ( ) ( )( )

( )

1 2

0 1

4 3 3

24 2 24 2
1

48 1 2 148
1 4 3

T dA d dρρ τ ρ πρ ρ ρ πρ ρ

π π

= = +

   −
= +   

   

∫ ∫ ∫
 

 ...................................................................................................................... Ans. 390 kip in.T = ⋅
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Elastic zone 0 yrρ≤ ≤  
( )6

2
140 10

N/my

y yr rρ

ρτ ρ
τ = =  

Plastic zone yr cρ≤ ≤  ( )6 2140 10  N/myρτ τ= =  

(a)  40 mmyr =

 

( ) ( ) ( ) ( ) ( )

( ) ( )

6
0.040 0.050 6

0.025 0.040

6 4 4 3 3
6

140 10
2 140 10 2

0.040
280 10 0.040 0.025 0.050 0.040280 10

0.040 4 3

T dA d
ρ

dρ τ ρ πρ ρ ρ π

π
π

 = = +  

   − −
= +   

   

∫ ∫ ∫ ρ ρ
 

 ................................................................................... Ans. ( )329.8 10  N m 29.8 kN mT = ⋅ = ⋅

(b)  25 mmyr =

 

( ) ( ) ( )

( )

0.050 6

0.025

3 3
6

140 10 2

0.050 0.025280 10
3

T dA dρ τ ρ π

π

 = =  
 −

=  
 

∫ ∫ ρ ρ
 

 .................................................................................... Ans. ( )332.1 10  N m 32.1 kN mT = ⋅ = ⋅
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(a) 
1.50 24 0.004 4000 rad
0.75 12,000

y
c

c c
r r G

τ
γ γ µ

   = = = = =   
  

.......................................... Ans. 

(b) Elastic zone 0 0.75 in.ρ≤ ≤  24 0.75 32.00  ksiy yrρτ τ ρ ρ ρ= = =  

 Plastic zone 0.75 in. 1.5 in.ρ≤ ≤  24 ksiyρτ τ= =  

 

( ) ( )( ) ( )( )

( ) ( )

0.75 1.50

0 0.75

4 3 3

32 2 24 2

0.75 1.50 0.7564 48
4 3

T dA d dρ τ ρ ρ πρ ρ ρ πρ ρ

π π

= = +

   −
= +   

   

∫ ∫ ∫
 

 ................................................................................................................... Ans. 164.3 kip in.T = ⋅
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(a) 8 0.13963 radθ = ° =  r Lγ θ=  

 
( )

max

0.050 0.13963
0.002327 2330 rad

3
c
L
θγ µ= = = ≅ ....................................... Ans. 

(b) 
140 0.00175 rad

80,000
y

y G
τ

γ = = =  

 
( )0.00175 3

0.03760 m
0.13963

r
y

Lr γ
θ

= = =  

 Elastic zone 0.025 m 0.03760 mρ≤ ≤  
140 3723.40  MPa

0.03760
y

yr
ρ

τ ρ ρτ ρ= = =  

 Plastic zone 0.03760 m 0.050 mρ≤ ≤  140 MPayρτ τ= =  

 
( ) ( ) ( ) ( ) ( )

( ) ( )

0.0376 0.0506 6

0.025 0.0376

6 4 4 6 3 3

3723.40 10 2 140 10 2

5848.71 10 0.0376 0.025 293.215 10 0.050 0.0376

T dA d dρ τ ρ ρ πρ ρ ρ πρ ρ   = = +   
   = − + −   

∫ ∫ ∫  

 ................................................................................... Ans. ( )330.5 10  N m 30.5 kN mT = ⋅ = ⋅

(c) Elastic zone since  25 mm 37.6 mm<

 
( )25 140

93.1 MPa
37.6

y

yr
ρ

ρτ
τ = = = ...................................................................................... Ans. 
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(a) 5 0.0872665 radθ = ° =  r Lγ θ=  

 
( )
( )max

2 0.0872665
0.0029089 2910 rad

5 12
c
L
θγ µ= = = ≅

×
........................................ Ans. 

(b) 
18 0.00150 rad

12,000
y

y G
τ

γ = = =  
( )0.001500 5 12

1.03132 in.
0.0872665

r
y

Lr γ
θ

×
= = =  

 Elastic zone 0 in. 1.03132 in.ρ≤ ≤  
18 17.45330  ksi

1.03132
y

yr
ρ

τ ρ ρτ ρ= = =  

 Plastic zone 1.03132 in. 2.0 in.ρ≤ ≤  18 ksiyρτ τ= =  

 
( ) ( )( ) ( )( )

( ) ( )

1.03132 2.0

0 1.03132

4 3 3

17.45330 2 18 2

27.41558 1.03132 37.69911 2.0 1.03132

T dA d dρ τ ρ ρ πρ ρ ρ πρ ρ= = +

   = + −   

∫ ∫ ∫  

 ...................................................................................................................... Ans. 291 kip in.T = ⋅

(c) Elastic zone since  0.50 in. 1.03132 in.<

 
( )( )0.50 18

8.73 ksi
1.03132

y

ir
ρ

ρτ
τ = = = .................................................................................... Ans. 
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(a) 
( )7.5 25

15 mm
12.5

y o
y

o

r
r

γ
γ

= = =  

 
0.0125 0.500  rad

0.025
o

or
ρ

ργ ργ ρ= = =  

 
( ) ( )

6
9 2

1

210 10
28.00 10  N/m

0.0075
G = =  

 0 0.0075 radγ≤ ≤  

 
( )( ) ( )

6
9 2

2

230 210 10
4.00 10  N/m

0.0125 0.0075
G

−
= =

−
 0.0075 rad 0.0125 radγ≤ ≤  

 ( )( ) ( )9 9
1 1 28 10 0.5 14.00 10  N/mGρ ρτ γ ρ ρ = = =  

2 m 0 15 mρ≤ ≤  

 ( ) ( ) ( )6 6 9
2 2180 10 180 10 2.00 10  N/mGρ ρτ γ  = + = + 

2 15 mm 25 mmρ  ρ≤ ≤  

 

( ) ( ) ( )

( ) ( ) ( )

( ) ( )
( )

0.015 9

0

0.025 6 9

0.015

6 4 6 3

6 4

14 10 2

                               180 10 2 10 2

21,991.15 10 0.015 376.9911 10 0.025 0.015

                               3141.5927 10 0.025 0

T dA d

d

ρ τ ρ ρ πρ ρ

3

ρ ρ πρ

 = =  

 + + 
  = +  

+ −

∫ ∫
∫

4.015  

ρ

− 

 

 ................................................................................... Ans. ( )36.80 10  N m 6.80 kN mT = ⋅ = ⋅

(b) 
( )0.0075 1

0.500 rad 28.6
0.015

y

y

L
r
γ

θ = = = ≅ ° ...................................................................... Ans. 
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(a) 
( )( )

( )
2.00 0.0075

0.0120 rad 0.0125 rad
1.25

o i
o

i

r
r
γγ = = = <  

 
0.0075 0.00600  rad

1.25
i

ir
ρ

ργ ργ ρ= = =  

 2
33 30 600 ksi

0.0125 0.0075
G −

= =
−

 

 0.0075 rad 0.0125 radγ≤ ≤  

 [ ]225.5 25.5 3.600  ksiGρ ρτ γ= + = + ρ  1.25 in. 2.0 in.ρ≤ ≤  

  
( ) [ ]( )

2.0

1.25

3 3 4

25.5 3.6 2

53.40708 2.0 1.25 5.65487 2.0 1.25

T dA dρ τ ρ ρ πρ ρ= = + +

  = − + −  

∫ ∫
4 

 ...................................................................................................................... Ans. 400 kip in.T = ⋅

(b) 
( )0.0075 3 12

0.216 rad 12.4
1.25

y

y

L
r
γ

θ
×

= = = ≅ ° .............................................................. Ans. 
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0.300 0.150  rad

2L
θρ ργ ρ= = =  

 
( )
( )
0.0035

0.023333 m 23.333 mm
0.150

y
yr

ρ

γ ρ ρ
γ ρ

= = = =  

  ( )0.740.74 0.742910 2910 0.150 714.826  MPaτ γ ρ ρ = = =   0 23.333 mmρ≤ ≤  

  ( )0.440.44 0.44533 533 0.150 231.317  MPaτ γ ρ ρ = = =   23.333 mm 40 mmρ≤ ≤  

 

( ) ( ) ( )

( ) ( )

( ) ( )

0.02333 6 0.74

0

0.040 0.44 6

0.02333

6 3.74 6 3.44 3.44

714.826 10 2

                               231.317 10 2

1200.905 10 0.02333 422.502 10 0.040 0.02333

T dA d

d

ρ τ ρ ρ πρ ρ

ρ ρ πρ ρ

 = =  

 +  
  = +  

∫ ∫
∫

− 

 

 ................................................................................... Ans. ( )36.48 10  N m 6.48 kN mT = ⋅ = ⋅
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(a) ( ) ( )1 2

0
2

R
T dA k dρ τ ρ γ πρ = =  ∫ ∫ ρ  Lγ ρθ=  

 ( )
1 2

5 2 7 2

0 0

42 2
7

R R kT k d k L d R
L
ρθ π Lρ πρ ρ π θ ρ ρ θ = = =  ∫ ∫  

Solving for θ  yields 
2

2 2 7

49
16

LT
k R

θ
π

= ............................................................................................ Ans. 

(b) 
2

max 2 2 6

49
16

R T
L k
θγ

π
= =

R
 

 
1 22

1 2
max max 2 2 6 3

49 7
16 4

T Tk k
k R R

τ γ
π π

 
= = = 

 
................................................................... Ans. 
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  (all elastic) ( )max 60 MPa 84 MPabτ = ≤

 ( ) ( )44 632 80 32 4.02124 10  mmbJ dπ π= = = 4  

 
( )( )

( ) ( )
6 6

3max
60 10 4.02124 10

6.03186 10  N m 6.03186 kN m
0.040b

JT
c

τ
−× ×

= = = ⋅ = ⋅  

 
( )( )
( )( )

6

/ 9

60 10 2.5
0.083333 rad

0.040 45 10b B C s
b

L
cG
τθ θ θ

× = = = = =  × 
 

 ( ) ( )( )0.040 0.083333
max 0.002222 rad 0.0015 rad

1.5s
c
L
θγ = = = >  

Therefore, part of the steel shaft will be in plastic deformation,  
and the yield surface location is located using 

 
( )( )0.0015 1.5

0.02700 m 27.00 mm
0.083333

y
y

L
r

γ
θ

= = = =  

 Elastic zone 0 m 0.027 mρ≤ ≤  
120 4444.44  MPa
0.0270

y

yr
ρ

τ ρ ρτ ρ= = =  

 Plastic zone 0.027 m 0.040 mρ≤ ≤  120 MPayρτ τ= =  

 
( ) ( ) ( ) ( ) ( )

( ) ( )

0.027 0.0406 6

0 0.027

6 4 6 3 3

4444.44 10 2 120 10 2

6981.32 10 0.0270 251.327 10 0.040 0.0270

sT dA d dρ τ ρ ρ πρ ρ ρ πρ ρ   = = +   
   = + −   

∫ ∫ ∫  

  ( )314.8482 10  N m 14.8482 kN mT = ⋅ = ⋅

 ............................ Ans. 6.03186 14.8482 20.8801 kN m 20.9 kN mb sT T T= + = + = ⋅ ≅ ⋅
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 ( ) ( )( )1 0.30
max 0.00500 rad

60b
c
L
θγ = = =  

 ( ) ( ) ( )max max 5000 0.005 25.0 ksi 30 ksib bGτ γ= = = ≤  (all elastic) 

 ( )44 432 2 32 1.57080 inbJ dπ π= = =  

 
( )( )

( )
max 25.0 1.57080

39.2700 kip in.
1b

JT
c

τ
= = = ⋅  

 ( ) ( )( )2 0.30
min 0.01000 rad

60
i

s
r
L
θγ = = =  

Therefore, all of the steel shaft will be in plastic deformation, and 

 18 ksis yτ τ= =  

  ( ) [ ]( )
3 3 3

2
18 2 37.69911 3 2 716.283 kip in.sT dA dρ τ ρ πρ ρ  = = = − = ∫ ∫ ⋅

 ................................ Ans. 39.270 716.283 755.55 kip in. 756 kip in.b sT T T= + = + = ⋅ ≅ ⋅
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(a) ( ) ( )44 632 160 32 64.3398 10  mmABJ dπ π= = = 4  

0 :MΣ =   200 125 0ABT− − = 75 kN mABT = + ⋅  

 
( )( )
( ) ( )6 2

6

75,000 0.080
93.2549 10  N/m 120 MPa   (elastic)

64.3398 10AB
Tc
J

τ
−

= = = <
×

 

 93.3 MPaABτ ≅ .............................................................................................................. Ans. 

  125 kN m 75 kN m   (assume steel is fully plastic)BC ABT T= ⋅ > = ⋅

 
( ) ( ) ( ) ( )

( )

0.080 6 6

0.050

3

120 10 2 251.3274 10 0.080 0.050

97.2637 10  N m 97.2637 kN m

sT dA dρ τ ρ πρ ρ  3 3 = = = −  

= ⋅ = ⋅

∫ ∫  

  125 97.2637 27.7363 kN mb BC sT T T= − = − = ⋅

 ( ) ( )44 632 100 32 9.81748 10  mmbJ dπ π= = = 4  

 
( )( )
( ) ( )6 2

6

27,736.3 0.050
141.2598 10  N/m 240 MPa   (elastic)

9.81748 10b
Tc
J

τ
−

= = = <
×

 

 141.3 MPabτ ≅ ............................................................................................................... Ans. 

At r  50 mm=
( )

( )
6

9

141.2598 10
0.0035315 rad

40 10
b

s b
bG

τγ γ= = = =  

For the steel: 
( )
( )

6

9

120 10
0.001500 rad 0.0035315 rad

80 10
y

y
bG

τ
γ = = = <  

Therefore, the steel is fully plastic in AB as assumed and 

  97.3 kN msT ≅ ⋅ 120 MPas yτ τ= = ............................................................... Ans. 

(b) Since the steel in AB is elastic and the bronze in BC is elastic: 

 
( )( )

( )( )
( )( )

( )( )

/ / / /

6 9 6

0

75,000 2 27,736.3 1.5
64.3398 10 80 10 9.81748 10 40 10

b BCAB AB
D A B A C B D C

AB s b b

T LT L
J G J G

θ θ θ θ

− −

   
= + + = + +   

   

= +
× × × × 9

 

 / 0.0769 radD Aθ = − ............................................................................................................... Ans. 
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(a) For section AB (steel) 

 
18 0.001500 rad

12,000
y

y
sG

τ
γ = = =  

 

( )( )
( )

2 0.072
4 12

0.003 rad 0.001500 rad   (steel yields)

AB B
AB

AB

r
L
θγ = =

×

= >

 

 
( )( )

( )
0.0015 4 12

1.00 in.
0.072

y AB
y

B

L
r

γ
θ

×
= = =  

 Elastic zone 0 in. 1.00 in.ρ≤ ≤  
18 18  ksi
1.00

y

yr
ρ

τ ρ ρτ ρ= = =  

 Plastic zone 1.00 in. 2.0 in.ρ≤ ≤  18 ksiyρτ τ= =  

 
( ) ( )( ) ( )( )

( ) ( )

1.0 2.0

0 1.0

4 3 3

18 2 18 2

28.2743 1.0 37.69911 2.0 1.0 292.168 kip in.

A ABT T dA d dρ τ ρ ρ πρ ρ ρ πρ ρ= − = = +

   = + − =   

∫ ∫ ∫
⋅

 

 In section BD assume elastic action since 35 ksi 18 ksiyb ysτ τ= =?  

0 :MΣ =   2 0A DT T T+ − = ( )44 432 4 32 25.1327 in.J dπ π= = =  

  2 2 292.168 kip in.D AT T T T= − = − ⋅

 
( ) ( )

/ / / /

2
0 0.072 radA CD A BC

D A D C C B B A
s s

T T L T T L
JG JG

θ θ θ θ
− −   

= = + + = + −   
   

 

 
( )( )
( )( )

( )( )
( )( )

2 292.168 3 12 292.168 4 12
0.072 0

25.1327 6000 25.1327 12,000
T T− × − ×

+ − =  

 ................................................................................... Ans. 295.702 kip in. 296 kip in.T = ⋅ ≅ ⋅

(b)  295.702 292.168 3.534 kip in.BC AT T T= − = − = ⋅

 
( )( )
( )
3.534 2

0.2812 ksi 18 ksi   (elastic)
25.1327s ys

Tc
J

τ τ= = = < =  

  ( )2 2 295.702 292.168 299.236 kip in.CD AT T T= − = − = ⋅

 
( )( )
( )

299.236 2
23.812 ksi 35 ksi   (elastic)

25.1327b b
Tc
J

τ τ= = = < =  

Therefore ........................................................ Ans. ( )max 18 ksi  (in section )ysteel ABτ τ= =

 ......................................................... Ans. ( )max 23.8 ksi  (in section )bronze CDτ =
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 50 MPa 60 MPa  (elastic)AB b ybτ τ τ= = < =  

 50 MPa 120 MPa  (elastic)BC s ysτ τ τ= = < =  

 ( ) ( )44 632 100 32 9.81748 10  mmJ dπ π= = =  4

 
( )(

( )
)6 650 10 9.81748 10

0.050
9817.48 N m 9.81748 kN m

b
A AB

JT T
c

τ
−× ×

= = =

= ⋅ = ⋅

 

 ( ) ( )
/ / / /

/

0D A D C C B B A

A BC A AB
D C

s b

T L T L
JG JG

θ θ θ θ

θ

= = + +

  
= + +  

  





 

 
( )( )

( )( )
( )( )

( )( )/ 6 9 6 9

9,817.48 0.600 9,817.48 0.600
0

9.81748 10 80 10 9.81748 10 40 10D Cθ
− −

+ +
× × × ×

=  

 / 0.02250 radD Cθ = −  

For segment CD: 

 
( )
( )

6

9

120 10
0.001500 rad

80 10
ys

ys
sG

τ
γ = = =  

 
( )( )

( )
50 0.0225

0.001875 rad 0.001500 rad   (part plastic)
600

CD
CD

CD

r
L
θγ = = = >  

 
( )( )

( )
0.0015 0.600

0.0400 m 40.0 mm
0.0225

y CD
y

C

L
r

γ
θ

= = = =  

 Elastic zone 0 in. 40 mmρ≤ ≤  
120 3000  MPa
0.040

y

yr
ρ

τ ρ ρτ ρ= = =  

 Plastic zone 40 mm 50 mmρ≤ ≤  120 MPayρτ τ= =  

 

( ) ( ) ( ) ( ) ( )

( ) ( )
( )

0.040 0.0506 6

0 0.040

6 4 6 3 3

3

3000 10 2 120 10 2

4712.3889 10 0.040 251.3274 10 0.050 0.040

27.3947 10  N m 27.3947 kN m

D CDT T dA d dρ τ ρ ρ πρ ρ ρ πρ ρ   = − = = +   
   = + −   

= ⋅ = ⋅

∫ ∫ ∫
 

 ............................................................ Ans. 9.81748 27.3947 37.2 kN mA DT T T= + = + = ⋅
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 ( )44 432 4 32 25.13274 in.J dπ π= = =  y yT c Jτ =  

 
( )( )

( )
max 18 25.13274

226.1947 kip in. 18.8496 kip ft
2y

JT
c

τ
= = = ⋅ = ⋅  

For  0 18.85 kip ftT≤ ≤ ⋅

 
( )( )
( )

12 2
0.95493  ksi

25.13274
TTc T

J
τ

×
= = =  

 

( )( )
( )( )
( )3

12 10 12
25.13274 12,000

4.77465 10  rad

TTL
JG

T

θ

−

× ×
= =

=

 

For 18.85   kip ft 25 kip ftT⋅ ≤ ≤ ⋅

 
( ) ( ) ( ) ( )( )

2.0

0

4 3 3 3

1812 2 18 2

9 12 2.0 96 3

r

r
T dA d

r

r r r
r

ρ dρ τ ρ πρ ρ ρ πρ ρ

π π π π

 × = = + 
 

   = + − = −   

∫ ∫ ∫
 

 ( )3 32 4yr T π= −  max 18 ksiyτ τ= =  

 
( )( )
( )
18 10 12 0.1800
12,000

y y

y y y y

L L
r Gr r r
γ τ

θ
×

= = = =  
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 ( ) ( )44 632 120 32 20.35752 10  mmJ dπ π= = = 4  y yT c Jτ =  

 
( )( )

( )

6 6
max

44.3 10 20.35752 10
15,030.636 N m

0.060y
JT

c
τ

−× ×
= = = ⋅  

 
For  0 15.03 kN mT≤ ≤ ⋅

 
( )

( )
2

6

0.060
2947.314  N/m

20.35752 10
TTc T

J
τ

−
= = =  

 

( )
( )(
( )

6 9

6

3
20.35752 10 16.66 10

8.84548 10  rad

TTL
JG

T

θ
−

−

= =
× ×

=

 )

 
 
When T  15,030.636 N m= ⋅ 0.13295 rad 7.618θ = ≅ °  

For 7.618 θ° ≤  

 
( )( )
( )

( )6 3

9

44.3 10 3 7.97719 10

16.66 10
y y

y y yy

L L
r Gr rr
γ τ

θ
−×

= = = =
×

 

 
( )37.97719 10 7.97719 m  myr θ θ

−

= = m  

 
0.44 0.44

0.44
max

0.060602 602 602  MPa
3L

ρθ θτ γ    = = =   
   

 

 

( ) ( ) ( ) ( )

( ) ( )

0.446 0.060 6

0

0.44
6 3 6 3.44 3.44

44.3 10 2 602 10 2
3

22.15 10 350 10 0.060  N m
3

r

r

y y

T dA d
r

r r

ρ ρ dθρ τ ρ πρ ρ ρ πρ ρ

θπ π

 ×  = = + ×   
  

   = + − ⋅    

∫ ∫ ∫
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 ( )4 41 32 0.09817477 inaJ π= =  ( )4 40.5 32 0.00613592 insJ π= =  

 
( )( )

( )
max 30,000 0.09817477

5890.49 lb in. 490.874 lb ft
0.5

a
ya

a

JT
c

τ
= = = ⋅ = ⋅  

 
( )( )

( )
max 18,000 0.00613592

441.786 lb in. 36.8155 lb ft
0.25

s
ys

s

JT
c

τ
= = = ⋅ = ⋅  

For  0 yT T≤ ≤ TL JGθ =  

 
( )( )

( )( ) ( )312 10
0.3055775 10  rad

0.09817477 30,000 0.0075
a

a a

T
Tθ −×

= =  (1) 

 
( )( )

( )( ) ( )312 30
4.88924 10  rad

0.00613592 18,000 0.0015
s

s s

T
Tθ −×

= =  (2) 

 a sθ θ=  a sT T T= +  

  16.000a sT T= 17.000 sT T=  

If T T , then 5890.49 lb in.a ya= = ⋅ 368.1556 lb in.sT = ⋅  

  max 6258.6456 lb in. 521.5538 lb fta sT T T= + = ⋅ = ⋅
 
If s ysT≥T  (where r  is the yield boundary) 

 
( ) ( ) ( )( )

0.25

0

4 3 3

18,00012 2 18,000 2

9000 12,000 0.25 187.50 3000

r

s r
T d

r

r r
r

ρρ πρ ρ ρ πρ

π 3

d

r

ρ

π π π

 × = + 
 

   = + − = −   

∫ ∫
 (3) 

 ( )3 62.500 0.004 sr T π= −  max 18 ksiyτ τ= =  

 
( )( )

( )
max 18 30 0.04500 rad

18 0.0015s
L

Gr r r
τθ = = =  (4) 
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6-117 (cont.) 
 
If T  (where  is the yield boundary) a yT≥ a r
 30a rτ ρ=  30 ksiτ ≤  rρ ≤  

 
( )3 0.0075 4.530 25.5

0.0125 0.0075a r
γ ρτ
−

= + = +
−

 

 30 ksiτ ≥  rρ ≥  

 

( ) ( ) ( )
0.50

0

4 3 3 4

3

30,000 450012 2 25,500 2

15,000 225017,000 0.50 0.50

140.6252125.0 4250

r

a r
T d

r r

r r
r r

r
r

ρ ρ

4

d

r

ρ πρ ρ ρ πρ ρ

π ππ

ππ π

   × = + +   
   

     = + − + −     

= + −

∫ ∫

 (5) 

 
( )( )

( )
max 30 10 0.07500 rad

30 0.0075a
L

Gr r r
τθ = = =  (6) 

Computer approach: 

1. Increment a sθ θ θ= =  

2. Compute sT  and T  using Eqs. (1) and (2) a

 If T ≥ ⋅ , 36.82 ls b ft
 use Eqs. (3) and (4). 
 If T ≥ ⋅ , 490.9 la b ft
 use Eqs. (5) and (6). 

3. Compute T T  a sT= +

4. Plot θ  versus T  

5. Repeat until T  750 lb ft= ⋅
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6-118  

 ( ) ( )4 3 420 32 15.70796 10  mmaJ π= =  

 ( ) ( )4 3 425 32 38.34952 10  mmsJ π= =  

 
( )( )

( )

6 9
max

210 10 15.70796 10
329.867 N m

0.010
a

ya
a

JT
c

τ
−× ×

= = = ⋅  

 
( )( )

( )

6 9
max

120 10 38.34952 10
368.155 N m

0.0125
s

ys
s

JT
c

τ
−× ×

= = = ⋅  

For  0 yT T≤ ≤ TL JGθ =  

 
( )( )

( )( ) ( )6
9 6

0.250
568.411 10  rad

15.70796 10 210 10 0.0075a

T
Tθ −

−
= =

× ×
 

 
( )( )

( )( ) ( )6
9 6

0.300
97.7848 10  rad

38.34952 10 120 10 0.0015s

T
Tθ −

−
= =

× ×
 

If T  (where  is the yield boundary) ysT≥ r

 

( ) ( ) ( )( )

( ) ( ) ( ) (

6
6

0

6
4 6 3 3 6 3

120 10
2 120 10 2

60 10
80 10 20 10 4

r c

r
T d

r

r c r
r

ρ
ρ πρ ρ ρ πρ ρ

π
π π

 
 = + ×
  

   = + − =   

∫ ∫

)3

d

c r−

 

 
( )

3
3 6

4
20 10

Tr c
π

= −  where c 0.0125 m=  (1) 

 
( )( )
( )

( )6 6
max

6

120 10 0.300 450 10
rad

120 10 0.0015s
L

Gr rr
τθ

−×
= = =

×
 (2) 
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6-118 (cont.) 
If T  (where  is the yield boundary) yaT≥ r

 210 MPaτ ≤   ( )rρ ≤ 210a rτ ρ=  

 210 MPaτ ≥   ( )rρ ≥ ( )210 4000 0.0075 180 4000aτ γ γ= + − = +  

   
0.0075 30180 4000 180

r r
ρ ρ = + = + 

 
 

 

( )( ) ( )( )

( ) ( ) ( )

6 6

0

6 6
4 6 3 3 4 4

210 3010 2 180 10 2

105 10 15 10
120 10

r c

r
T d

r r

r c r c
r r

ρ ρ d

r

ρ πρ ρ ρ πρ ρ

π π
π

   = + +   
   

     = + − +     

∫ ∫

−

 

 ( )
4

6 3 7.52 10 60 15cc
r

π
 

= +
 

3r−   where 0.010c  m=  

For a given torque T , solve for .  For example, using the Newton-Raphson iteration method, let r

 ( ) ( )
4 4 3

6
15 7.5 60 0

2 10
Trf r r c c r

π
= + − − =  

 ( ) ( )
3 3

6
60 60

2 10
Tf r r

π
′ = + − c  

 Then ( ) ( ) ( )1n n f f+ ′= −r r  

 Guess that ( )0 =r  and iterate until the value for  c
  no longer changes. r
 
Using the r  from the Newton-Raphson solution, calculate 

 
( )( )
( )

( )6 3
max

6

210 10 0.250 1.875 10
rad

210 10 0.0075a
L

Gr rr
τθ

−×
= = =

×
 (3) 

Use Eqs. (1) and (2) to determine sθ  and Eq. (3) to determine aθ .  Then, 

 a sθ θ θ= +  
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6-119*  
For the square bar: 1 1 1b a = =  

The value of α  from Fig. 6-30 is: 0.21α ≅  

 ..................................................... Ans. ( )( )( ) ( )22
max max 12 0.21 1 1 2.52 kip in.T a bτ α= = = ⋅
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6-120*  
(a) For the rectangular bar: 75 40 1.875b a = =  

 The value of α  from Fig. 6-30 is: 0.245α ≅  

 .......................... Ans. ( )( )( ) ( )22 6
max max 25 10 0.245 0.040 0.075 735 N mT a bτ α= = × = ⋅

 For the square bar: 1 1 1b a a a= = =  

 The value of α  from Fig. 6-30 is: 0.21α ≅  

 and ( )( )40 75 54.77 mma = =  

 ................... Ans. ( )( )( ) ( )22 6
max max 25 10 0.21 0.05477 0.05477 863 N mT a bτ α= = × = ⋅

(b) For the rectangular bar: 0.225β ≅  

 
( )( )

( )( ) ( )( )33 9

735 0.400
0.00972 rad

0.225 0.040 0.075 28 10
TL
a bG

θ
β

= = =
×

............................ Ans. 

 For the square bar: 0.15β ≅

 
( )( )

( )( ) ( )( )33 9

863 0.400
0.15 0.05477 0.05477 28 10

TL
a bG

θ
β

= =
×

0.00913 rad=  Ans. 
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6-121  
(a) For the square bar: 1.5 1.5 1b a = =  

 The value of α  from Fig. 6-30 is: 0.21α ≅  

 ................ Ans. ( )( )( ) ( )22
max max 12 0.21 1.5 1.5 8.505 kip in. 8.51 kip in.T a bτ α= = = ⋅ ≅ ⋅

 For the circular bar: ( )44 432 1.5 32 0.4970 in.J dπ π= = =  

 
( )( )max

max

12 0.4970
7.952 kip in. 7.95 kip in.

0.75
JT

c
τ

= = = ⋅ ≅ ⋅ .................................... Ans. 

(b) For the square bar: 0.15β ≅  

 
( )( )

( )( ) ( )( )33

8.505 3 12
0.1008 rad

0.15 1.5 1.5 4000
TL
a bG

θ
β

×
= = = ................................................ Ans. 

 For the circular bar: 

 
( )( )
( )( )

7.952 3 12
0.1440 rad

0.4970 4000
TL
JG

θ
×

= = = ........................................................................ Ans. 
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6-122*  

 
2
T
At

τ =  ( )22 24 100 4 7854.0 mmA rπ π= = =  

 
( )

( )( )6 6

2000
0.00318 m 3.18 mm

2 2 7854.0 10 40 10
Tt
Aτ −

= = = =
× ×

.............................. Ans. 
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6-123  

 
2
T
At

τ =   ( )( ) ( )2 26 8 3 76.274 inA π= + =

 
( )

( )( )
125

0.1229 in.
2 2 76.274 8
Tt
Aτ

= = = ............................................................................. Ans. 
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6-124  
(a) For the circle: 500 159.155 mmd π= =  

 
2
T
At

τ =  ( )22 24 159.155 4 19,894.38 mmA rπ π= = =  

 ( )( )( )3 6
max max2 2 19.89438 10 0.003 75 10T Atτ −= = × ×  

 ............................................................................... Ans. ( )3
max 8.95 10  N m 8.95 kN mT = ⋅ = ⋅

(b) For the equilateral triangle: 500 3 166.667 mma = =  

 
2
T
At

τ =  
( )2

2166.667 cos30
12,028.13 mm

2
A

°
= =  

 ( )( )( )3 6
max max2 2 12.02813 10 0.003 75 10T Atτ −= = × ×  

 ............................................................................... Ans. ( )3
max 5.41 10  N m 5.41 kN mT = ⋅ = ⋅

(c) For the square: 500 4 125 mma = =  

 
2
T
At

τ =   ( )2 2125 15,625 mmA = =

 ( )( )( )3 6
max max2 2 15.625 10 0.003 75 10T Atτ −= = × ×  

 ............................................................................... Ans. ( )3
max 7.03 10  N m 7.03 kN mT = ⋅ = ⋅

(d) For the rectangle: 100 mma =  150 mmb =  

 
2
T
At

τ =  ( )( ) 2100 150 15,000 mmA = =  

 ( )( )( )3 6
max max2 2 15 10 0.003 75 10T Atτ −= = × ×  

 ............................................................................... Ans. ( )3
max 6.75 10  N m 6.75 kN mT = ⋅ = ⋅
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6-125*  
 For the rectangle:  2 in.a = 3 in.b =  3 2 1.5b a = =  

(a) The value of α  from Fig. 6-30 is: 0.23α ≅  

  max 2 1 30 10 20 kip in.ABT T T T= = − = − = ⋅

 
( ) ( )

max
max 22

20 7.25 ksi
0.23 2 3

T
a b

τ
α

= = = ............................................................................ Ans. 

(b) The value of β  from Fig. 6-30 is: 0.20β ≅  

 
( )( )

( )( ) ( )( )
( )( )

( )( ) ( )( )

/ / / 3 3
/ /

3 3

10 30 20 30
0.20 2 3 4000 0.20 2 3 4000

C A C B B A
C B B A

TL TL
a bG a bG

θ θ θ
β β

   
= + = +   

   
−

= +
 

 0.01563 radθ = + .................................................................................................................. Ans. 
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6-126*  

 
2
T
At

τ =  ( )( ) 265 95 6175 mmA = =  

  2 1 2 2 0 kNABT T T T T= − = − = ⋅m

 ( )( )( ) ( )
max 1 min max

6 6

2 2

2 6175 10 0.005 80 10 4.940 10  N m
BCT T T T At

3

τ
−

= = = =

= × × = ⋅
 

 4.94 2 2.47 kN mT = = ⋅ .................................................................................................... Ans. 
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6-127  
(a) For the square bar: 1b a a a= =  

 The value of α  from Fig. 6-30 is: 0.21α ≅  

 ( )( ) ( )22 3
max max max max0.21 0.21T a b a a aτ α τ τ= = =  

 For the circular bar: 2 2 4A a dπ= =  1.12838d a=  

 
( )4

max 3max
max max

1.12838 32
0.28209

1.12838 2

aJT a
c a

τ πτ τ
 
 = = =  

 
3

max
3

max

0.28209 1.34329 1.343
0.21

circle

square

T a
T a

τ
τ

= = ≅ ..................................................................... Ans. 

(b) For the square bar: 0.15β ≅  

 
( )3 3

6.667
.15

TL TL TL
a bG a aG a G

θ
β

= = = 4  

 For the circular bar:  

 
( ) 44

1.34329 8.44009
1.12838 32

TL TL TL
JG a Ga G

θ
π

= = =
 
 

 

 
4

4

8.44009 1.266
6.667

circle

square

TL a G
TL a G

θ
θ

= = ...................................................................................... Ans. 
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6-128  
   ABT T= 2BCT T= CDT T= −  

 For the square bar: 50 50 1b a = =  

 From Fig. 6-30: 0.21α ≅  0.15β ≅  

 For the stress specification: max 80 MPaτ ≤  

 ( )( )( ) ( )22 6
max max2 80 10 0.21 0.050 0.050 2100 N mBCT T T a bτ α= = ≤ = × = ⋅  

  1050 N mT ≤ ⋅
 For the deformation specification: 0.035 radθ ≤  

 / / / /D A B A C B D Cθ θ θ θ= + +  

 
( ) ( )( )

( )( ) ( )( )/ 33 9

2 0.400
0.035 rad

.15 0.050 0.050 28 10
AB BC CD

D A

T T T L T T T
a bG

θ
β
+ + + −

= = ≤
×

 

  1148 N mT ≤ ⋅
 ................................................................................................................... Ans. max 1050 N mT = ⋅
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6-129*  

 
2
T
At

τ =  ( )( ) 212.5 40 500 inA = =  

 ( )( )( )min max2 2 500 0.04 8 320 kip in.T At τ= = = ⋅ ......................................................... Ans. 

 
237 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

6-130  

 
( ) ( ) ( )

( )

2 2

6 2 2

210 150 500 320500 320 2 695cos15
360 360 2

1.142671 10  mm 1.142671 m

A π π + = + +   

= =

°
 

 
( )

( )( )
3

6

200 10
0.001750 m 1.750 mm

2 2 1.142671 50 10
Tt
Aτ

= = = =
×

................................. Ans. 
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6-131  
 Equilibrium: T T  8 0 0A D− − + = 8 kip in.A DT T+ = ⋅  

  AB AT T= − ( )8  kip in.BCD AT T= − ⋅  

 For the square bar: 1.5 1.5 1b a = =  

 From Fig. 6-30: 0.21α ≅  0.15β ≅  

 Deformation: / / / 0D A B A D Bθ θ θ= + =  

 
( )( ) ( )( )

/ 3 3

1.5 8 3.0
0 radA A

D A

T T
a bG a bG

θ
β β
− −

= + =  

  4.5 24 kip in.AT = ⋅

 .................................................................................... Ans. 5.3333 kip in. 5.33 kip in.AT = ⋅ ≅ ⋅

 .................................................................................. Ans. 2.6667 kip in. 2.67 kip in.DT = ⋅ ≅ ⋅
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6-132*  
 max 250 1.25 200 MPay FSσ σ= = =  max max 2 100 MPaτ σ= =  

For 60 rpm: 

 
( ) ( )32 602 150 10  N m/s

60 60
TNTPower T

ππω= = = = ⋅  

  23,873.24 N mT = ⋅

 
( )( ) ( )6 2

4

23,873.24 2
100 10  N/m

32
dTc

J d
τ

π
= = =  0.1067 md =  

 ..................................................................................... Ans. Use shaft with    110 mmd =
For 6000 rpm: 

 
( ) ( )32 60002 150 10  N m/s

60 60
TNTPower T

ππω= = = = ⋅  

  238.7324 N mT = ⋅

 
( )( ) ( )6 2

4

238.7324 2
100 10  N/m

32
dTc

J d
τ

π
= = =  0.0230 md =  

 ....................................................................................... Ans. Use shaft with    25 mmd =
 Use a speed of 6000 rpm if weight is critical. ...................................................................... Ans. 
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6-133*  
 max 62 1.5 41.3333 ksiy FSσ σ= = =  max max 2 20.6667 ksiτ σ= =  

 
( )( )1200 12

20,666.7 psi
cTc

J J
τ

×
= = ≤  

 30.69677 inJ c ≥  

 32 2 0.69677 inx yI IJ I S
c c c

+
= = = ≥  

  30.34839 inS ≥
From Table A-13 Use a 2-in. diameter pipe. ............................................................................... Ans. 
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6-134  
 max 250 1.5 166.6667 MPay FSσ σ= = =  max max 2 83.3333 MPaτ σ= =  

 
( ) ( )32 602 150 10  N m/s

60 60
TNTPower T

ππω= = = = ⋅  

  23,873.24 N mT = ⋅

(a) 
( ) ( )6 223,873.24

83.3333 10  N/m
cTc

J J
τ = = ≤  

 ( ) ( )6 3 3286.4789 10  m 286.4789 10  mmJ c −≥ = 3  

 ( )3 32 2 286.4789 10  mmx yI IJ I S
c c c

+
= = = ≥   ( )3 3143.239 10  mmS ≥

 .............................................................................................. Ans. Use   203 mm  diameter

(b) 
( )( ) ( )6 2

4

23,873.24 2
83.3333 10  N/m

32
dTc

J d
τ

π
= = =  0.1134 md =  

 ..................................................................................... Ans. Use shaft with    120 mmd =

(c)  ( ) 42.46 kg/mW pipe = ( ) ( ) ( )20.120
7870 89.01 kg/m

4
W solid

π
= =  

 ( ) ( ) 89.01 42.46 2.10W solid W pipe = = ............................................................. Ans. 

 
242 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

6-135  
 max 36 2 18 ksiy FSσ σ= = =  max max 2 9 ksiτ σ= =  

 
( ) ( )2 2002 100 550  lb ft/s

60 60
TNTPower T

ππω= = = = × ⋅  

  2626.057 lb ft 31,512.38 lb in.T = ⋅ = ⋅

(a) 
( )( )31.51238

9 ksi
cTc

J J
τ = = ≤  33.50141 inJ c ≥  

 32 2 3.50141 inx yI IJ I S
c c c

+
= = = ≥   31.75070 inS ≥

 Use a 3-in. diameter pipe...................................................................................................... Ans. 

(b) 
( )( )

4

31.51238 2
9 ksi

32
dTc

J d
τ

π
= = ≤   2.6126 in.d ≥

 5
8Use shaft with    2  in.d = ....................................................................................... Ans. 

(c) ( ) 7.58 lb/ftW pipe =

 ( ) ( ) ( )22.625
1.54 lb/in. 18.44 lb/ft

4
= = =0.284W solid

π
 

 Use hollow pipe if weight is critical..................................................................................... Ans. 
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6-136*  
 max 360 3 120 MPay FSσ σ= = =  max max 2 60 MPaτ σ= =  

  max 1000 N mABT T= = ⋅

 
( )( ) ( )6 2

4

1000 2
60 10  N/m

32
dTc

J d
τ

π
= = =  

  0.04395 m 43.95 mmd ≥ =
 ....................................................................................... Ans. Use shaft with    50 mmd =
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6-137  
 max 36 2.25 16 ksiy FSσ σ= = =  max max 2 8 ksiτ σ= =  

  max 30 kip in.ABT T= = ⋅

 
( )( )

4

30 2
8 ksi

32
dTc

J d
τ

π
= = ≤   2.673 in.d ≥

 3
4Use shaft with    2  in.d = ....................................................................................... Ans. 
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6-138*  
 max 360 3 120 MPay FSσ σ= = =  

 max max 2 60 MPaτ σ= =  

0 :AMΣ =   ( )50 650 490 0BT − =

  6370 NBT =
If the drum is tending to rotate clockwise, then 

 ( )0.2 3 26370 AT e π=  2482.14 NAT =  

and the torque on the axle of the drum is 

  ( ) ( )6370 0.25 2482.14 0.25 971.965 N mT = − = ⋅

If the drum is tending to rotate counter-clockwise, then 

 ( )0.2 3 26370AT e π=  16,347.54 NAT =  

and the torque on the axle of the drum is 

  ( ) ( )16,347.54 0.25 6370 0.25 2494.38 N mT = − = ⋅

 
( )( ) ( )6 2

4

2494.38 2
60 10  N/m

32
dTc

J d
τ

π
= = ≤  

  0.05960 m 59.60 mmd ≥ =
 ....................................................................................... Ans. Use shaft with    60 mmd =
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6-139  
  max 380 lb ft 4560 lb in.ABT T= = ⋅ = ⋅

(a) For the shaft: max 53 2 26.5 ksiy FSσ σ= = =  max max 2 13.25 ksiτ σ= =  

 
( )( )

4

4.560 2
13.25 ksi

32
dTc

J d
τ

π
= = ≤   1.206 in.d ≥

 1
4Use shaft with    1  in.d = ........................................................................................ Ans. 

(b) For the bolts: max 36 1.5 24 ksiy FSσ σ= = =  max max 2 12 ksiτ σ= =  

 ( )
2 2

11 1
14 4 2

2 2 4
b b

AB
d dd dT V A dπ τπτ τ

    = = = =    
      2

d
 

 
( ) ( )212 3.5

4.560
2

bdπ
=   0.2629 in.bd =

 5
16Use bolts with     in.d = ......................................................................................... Ans. 
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6-140  
For a given value of power, the values of torque are the same in the shaft and in the collar. 

 
( )

4 4

2 16
32

s s
s

s s

T d TdTc
J d d

τ
π π

= = =  
( )

( ) ( )4 4 4 4

2 16
32

c c
c

c s c s

T d TdTc
J d d d d

τ
π π

= = =
− −

 

For the same shear stress in the shaft and in the collar 

 
( )4 4 4

16 16s c

s c s

Td Td
d d dπ π

=
−

 
4 4

4
c s c

s s

d d d
d d
−

=  

 

4

1 0c c

s s

d d
d d

   
− − =   

   
 

 1.221   (independent of the material)c sd d = ............................................................... Ans. 
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6-141*  

(a) 
( )( )

( )4

48 12 3
13.58 ksi

6 32AB
Tc
J

τ
π

×
= = =  

 
( )( )

( )4

13 12 2
12.41 ksi

4 32CD
Tc
J

τ
π

×
= = =  

 
( )( )
( )4

2 12 1
15.28 ksi

2 32DE
Tc
J

τ
π

×
= = =  

 max 15.28 ksiDEτ τ= = .......................................Ans. 

(b) / / / /E A B A C B D C E D/θ θ θ θ θ= + + +  

 

( )( )
( ) ( )

( )( )
( ) ( )

( )( )
( ) ( )

( )( )
( ) ( )

/ 4 4

4 4

48 12 3 12 37 12 4 12

6 32 12,000 6 32 12,000

13 12 5 12 2 12 2 12
                          

4 32 12,000 2 32 12,000

E A
TL
JG

θ
π π

π π

× × − × ×
= = +

   
   

× × − × ×
+ +
   
   

 

 ..................................................................................................... Ans. ( )3
/ 0.1002 10  radE Aθ −=

(c) / /C A B A C B/θ θ θ= +  

 
( )( )
( ) ( )

( )( )
( ) ( )

/ 4 4

48 12 3 12 37 12 4 12

6 32 12,000 6 32 12,000
C Aθ

π π

× × − × ×
= +
   
   

 

 ..................................................................................................... Ans. ( )3
/ 0.377 10  radC Aθ −= −
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6-142*  

(a) 
( )( ) ( )1 6 2

4
1

4000 2
80 10  N/m

32AB

dTc
J d

τ
π

= = ≤  

 .......................................Ans. 1 0.0634 m 63.4 mmd ≥ =

 
( )( ) ( )2 6 2

4
2

8000 2
80 10  N/m

32BC

dTc
J d

τ
π

= = ≤  

 ......................................Ans. 2 0.0799 m 79.9 mmd ≥ =

(b) TL JGθ =  

 
( )( ) ( )( )
( ) ( )/ 4 9

4000 1 8000 2
0.0483 rad

0.075 32 80 10
C Aθ

π

+ −
= =
  × 

− ................................................. Ans. 
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(a) 
( )

( )4 4

0.625
8 ksi

1.25 1.12 32
TTc

J
τ

π
= = ≤

−
 

 ............................................................................................................ Ans. 1.091 kip in.T ≤ ⋅

(b) 
( )( )

( ) ( )/ 4 4

1 3 12
0.1112 rad

1.25 1.12 32 3800
C Aθ

π

×
=
 − 

= .................................................... Ans. 
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(a) 
( )( )

( )
( )6 2

44

18,000 2
100 10  N/m

0.5 32

dTc
J d d

τ
π

= = ≤
 − 

 

 ...................................... Ans. min 0.0993 m 99.3 mmd = =

(b) 
( )( ) ( )( ) ( )( )
{ }( )4 4 9

8000 2 18,000 4 4000 3
0.120 0.060 32 80 10

TL
JG

θ
π

+ − +
= =

 − × 
 

 0.0288 radθ = − ........................................................... Ans. 
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( )

( ) ( )4

3 12
0.052 rad

2.5 32 4000

TTL
JG

θ
π

×
= = ≤

 
 

 
22.1575 kip in.
1.84646 kip ft

T ≤ ⋅
= ⋅

 

 
( )

( )4

1.25
10 ksi

2.5 32
TTc

J
τ

π
= = ≤  

30.6796 kip in.
2.55663 kip ft

T ≤ ⋅
= ⋅

 

 
( )( ) ( )2 500 1846.462 96,680.3  lb ft/s

60 60
NTPower T

ππω= = = = ⋅  

 96,680.3 550 175.8 hpPower = = ........................................................................... Ans. 
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(a) 
( )( )

( )
( )6 2

4

55,000 0.075
83.0 10  N/m

0.150 32AB
Tc
J

τ
π

= = ≤  

 83.0 MPa (T)AB ABσ τ= = ......................................Ans. 

(b) 
( )( )

( )
( )6 2

4

15,000 0.050
76.4 10  N/m

0.100 32BCτ
π

= ≤  

 76.4 MPa (C)BC BCσ τ= = ......................................Ans. 

(c) TL JGθ =  

 
( )( )
( ) ( )

( )( )
( ) ( )4 49 9

55,000 0.300 15,000 0.400

0.150 32 80 10 0.100 32 80 10
Cθ

π π

− −
= +
   × ×   

 

 0.01179 radCθ = − ......................................................................................................... Ans. 
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(a) First look at equilibrium of the aluminum shell and the ends of the pins: 

 ( ) ( ) ( ) ( )
20.5

2 5 2 1.963495 kip in.
4aT V

π 
= = = ⋅ 

  
 

 
( )4 44

4
3 2

6.38136 in.
32 32a
dJ

ππ −
= = =  

( )4
4

2
1.57080 in.

32sJ
π

= =  

Assume that the steel shaft extends all the way through the aluminum shell and attaches to the wall at D.  Then, the 
portion of the shafts between the wall and the pin must rotate the same amount 

 , ,CD s CD aθ θ=  TL JGθ =  

 
( )

( )( )
( )

( )( )
12 12

1.57080 12,000 6.38136 4000
s aT T

=  

 
( )0.73846 0.73846 1.963495

1.44997 kip in.
s aT T= =

= ⋅
 

 ........................ Ans. 1.963495 0.73846 3.41346 kip in. 3.41 kip in.a sT T T= + = + = ⋅ ≅ ⋅

(b) 
( )( )

( )
1.963495 1.5

0.462 ksi 462 psi
6.38136a

Td
J

τ = = = = ....................................................... Ans. 

(c) 
( )( )

( )( )
( )( )

( )( )
1.44997 12 3.41346 18

0.00418 rad
1.57080 12,000 1.57080 12,000

θ
− −

= + = − ................................ Ans. 
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 ( ) ( )44 6
, 32 160 32 64.33982 10  mmAB sJ dπ π= = = 4  

 ( ) ( )4 4 6
, 160 100 32 54.52234 10  mmBC sJ π= − = 4  

 ( ) ( )4 6 4
, 100 32 9.81748 10  mmBC bJ π= =  

Equilibrium:  (a) 75 kN ms bT T+ = ⋅

Deformations: , ,BC s BC bθ θ=  TL JGθ =  

 
( )

( )( )
( )

( )( )6 9 6

1.5 1.5
54.52234 10 80 10 9.81748 10 40 10

s bT T
− −

=
× × × × 9

 

 11.10720s bT = T  (b) 

  6.19466 kN mbT = ⋅ 68.80534 kN msT = ⋅  

In AB: 
( )( )
( ) ( )6 2

6

85,000 0.08
105.6888 10  N/m 105.6888 MPa

64.33982 10s
Tc
J

τ
−

= = = =
×

 

In BC: 
( )( )
( ) ( )6 2

6

68,805.34 0.08
101.0 10  N/m 101.0 MPa

54.52234 10sτ −
= = =

×
 

 
( )( )
( ) ( )6 2

6

6194.66 0.05
31.5 10  N/m 31.5 MPa

9.81748 10bτ −
= = =

×
 

(a) max, 105.7 MPasτ = ....................... max, 31.5 MPabτ = .............................................. Ans. 

(b) / / /D B A C B D Cθ θ θ θ= + +  D TL JGθ =  

 
( )( )

( )( )
( )( )

( )( )6 9 6 9

85,000 2 68,805.34 1.5
0

64.33982 10 80 10 54.52234 10 80 10Dθ − −

−
= +

× × × ×
+  

 0.00937 radDθ = ........................................................................................................... Ans. 
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2
T
At

τ =  ( ) ( )2 26 2 1 2 13.57080 inA π= × + =  

 
( )

( )( )
1850 12

0.1022 in.
2 2 13.57080 8000
Tt
Aτ

×
= = = ................................................................. Ans. 
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( )

( )( )6

12,000
2 2 53,000 10 0.0013
T
At

τ
−

= =
×

 

 ............................................................................... Ans. ( )6 287.1 10  N/m 87.1 MPaτ = =

 
258 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

6-151*  

 
( ) ( )2 3002 200 550  lb ft/s

60 60
TNTPower T

ππω= = = = × ⋅  

  3501.4087 lb ft 42,016.9 lb in.T = ⋅ = ⋅

 
( )( )

4

42.0169 2
15.9 ksi

32
dTc

J d
τ

π
= = ≤   2.3787 in.d ≥

 
( )( )
( )( )4

42.0169 3 12
1.5 0.026180 rad

32 11,600
TL
JG d

θ
π

×
= = ≤ ° =   2.6689 in.d ≥

 3
4 use   2  in.d = ............................................................................................................ Ans. 
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6-152  

 ( ) ( )44 632 100 32 9.81748 10  mmJ dπ π= = = 4  

 
( )( )

( )( )6 9

15,000 1.2
0.04584 rad

9.81748 10 40 10o
TL
JG

θ
−

= = =
× ×

 

After the torque at B is removed 0total ABC slip CDθ θ θ θ= + + =  

 
( )( )

( )( )
( )( )

( )( )6 9 6 9

2.2 1.6
0.04584 0

9.81748 10 40 10 9.81748 10 80 10
T T

− −

− −
+ +

× × × ×
=  

 ............................................................................................................... Ans. 2149.808 N mT = ⋅

 
( )( )
( ) ( )6 2

6

2149.808 0.030
50.7 10  N/m 50.7 MPa

9.81748 10
Tc
J

τ
−

= = = =
×

................................. Ans. 
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( )( )33

44 6
72.00 in.

12 12
bhI = = =  

 
( )( )1000 72.00

24,000 lb in. 24.0 kip in.
3r

IM
c
σ

= = = ⋅ = ⋅ ....................................... Ans. 
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( ) ( )( ) ( ) ( )( ) ( ) ( )( )

( )( )
100 200 50 25 200 50 100 200 50

75 mm
3 200 50

xMd
A

+ +          = = =
  

 

 

( )( ) ( )( ) ( )( )

( )

3 3

6 4

100 125 300 75 200 25
3 3 3

106.25 10  mm

I = + −

=

3

 

 
( )(
( )

)
6

10,000 0.125
106.25 10

rM y
I

σ
−

− −−
= =

×
 

 ...................................................................... Ans. ( )6 211.76 10  N/m 11.76 MPa (T)σ = + =
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( ) ( )( ) ( ) ( )( )

( )( )
1 6 2 5 6 2

3 in.
2 6 2

xMd
A

+      = = =
  

 

 
( )( ) ( )( ) ( )( )3 3 3

42 5 6 3 4 1
136.00 in.

3 3 3
I = + − =  

 
( )( )
( )

4000 12 5
667 psi 667 psi (C)

136.00
rM y

I
σ

− ×−
= = = − = ........................................... Ans. 
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( )( ) ( )( ) ( )

3 3
6 4200 300 150 200

350 10  mm
12 12

I = − =  

 
( )( )6 67.5 10 350 10

17,500 N m
0.150

A
r

A

IM
y
σ

−− − × ×−
= = = ⋅  

(a) 
( )( )
( ) ( )6 2

6

17,500 0.100
5.00 10  N/m 5.00 MPa (T)

350 10
r

B
M y
I

σ
−

− −−
= = = =

×
............... Ans. 

(b) 
( )( )
( ) ( )6 2

6

17,500 0.050
2.50 10  N/m 2.50 MPa (C)

350 10Cσ −

−
= = − =

×
................................ Ans. 

(c) 
( )( )
( ) ( )6 2

6

17,500 0.125
6.25 10  N/m 6.25 MPa (T)

350 10Dσ −

− −
= = =

×
................................ Ans. 
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( )( ) ( )( )3 3

46 10 4 6
428 in.

12 12
I = − =  

 
( )( )1200 428

102,700 lb in. 102.7 kip in.
5r

IM
c
σ

= = = ⋅ = ⋅ ....................................... Ans. 
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( ) ( )( ) ( ) ( )( )

( )( ) ( )( )
25 100 50 150 200 37.5

100 mm
100 50 200 37.5

xMd
A

+      = = =
+

 

 

( )( ) ( )( ) ( )( )

( )

3 3

6 4

100 100 62.5 50 37.5 150
3 3 3

72.92 10  mm

I = − +

=

3

 

 
( )( ) ( )

6 6
3

200 10 72.92 10
97.2 10  N m 97.2 kN m

0.150r
IM

c
σ

−× ×
= = = ⋅ = ⋅ ................ Ans. 
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(a) 
( )( )33

44 2
2.667 in.

12 12
bhI = = =  

 
( )( )8 2.667

21.3 kip in.
1r

IM
c
σ

= = = ⋅ ..................................Ans. 

(b) 
( )( )33

42 4
10.667 in.

12 12
bhI = = =  

 
( )( )8 10.667

85.3 kip in.
2r

IM
c
σ

= = = ⋅ ..............................................Ans. 
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( ) ( )( ) ( ) ( )( )

( )( ) ( )( )
12.5 100 25 125 200 25

87.5 mm
100 25 200 25

xMd
A

+      = = =
+

 

 

( )( ) ( )( ) ( )( )

( )

3 3

6 4

100 87.5 50 62.5 25 137.5
3 3 3

39.93 10  mm

I = − +

=

3

 

(a) 
( )( )

( ) ( )6 2
6

10,000 0.1375
34.4 10  N/m

39.93 10
r

bot
M y
I

σ
−

− − −−
= = = −

×
 

 34.4 MPa (C)botσ = ............................................................................................................. Ans. 

(b) 
( )( )
( ) ( )6 2

6

10,000 0.0875
21.9 10  N/m

39.93 10
r

top
M y
I

σ
−

− −−
= = = +

×
 

 21.9 MPa (T)topσ = ............................................................................................................. Ans. 
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(a) From Table B-3 for an S  24 80 section× 2 24.00 in.d c= =   42100 in.I =

 
( )( )18 2100

3150 kip in.
12.00r

IM
c
σ

= = = ⋅ .......................................................................... Ans. 

(b) 
( )( ) ( )( )

3
2 48 0.75

2100 2 8 0.75 12.375 3938 in.
12

I
 

= + + × = 
  

 

 
( )( )18 3938

5560 kip in.
12.75r

IM
c
σ

= = = ⋅ .......................................................................... Ans. 
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From Table B-8 for an L  102 102 12.7-mm angle× ×

  ( )3 332.3 10  mmS =

 ........................ Ans. ( )( )6 6120 10 2 32.3 10 7752 N m 7.75 kN mrM Sσ −= = × × × = ⋅ ≅ ⋅
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( )( ) ( )( )3 3

416 28 15 24
11,989 in.

12 12
I = − =  

 
( )( )
( )

1000 12 14
14.01 ksi 14.01 ksi (C)

11,989
r

top
M y
I

σ
− ×−

= = = − =  

 
( )( )

( )
1000 12 14

14.01 ksi 14.01 ksi (T)
11,989

r
bottom

M y
I

σ
− × −−

= = = + =  

 max 14.01 ksi (T, on bottom; C, on top))σ = ................................................................... Ans. 
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( ) ( )( ) ( ) ( )( ) ( ) ( )( )

( )( ) ( )( ) ( )( )
237.5 100 25 125 25 200 12.5 200 25

100 25 25 200 200 25
102.5 mm

xMd
A

+ +        = =
+ +

=


 

 

( )( ) ( )( ) ( )( ) ( )( )

( )

3 3 3 3

6 4

100 147.5 75 122.5 200 102.5 175 77.5
3 3 3 3

105.65 10  mm

I = − + −

=
 

 
( )( )
( ) ( )6 2

6

3000 0.1475
4.19 10  N/m

105.65 10
r

top
M y
I

σ
−

− −−
= = = +

×
 

 4.19 MPa (T)topσ = ............................................................Ans. 

 
( )( )
( ) ( )6 2

6

3000 0.1025
2.91 10  N/m

105.65 10bottomσ
−

− − −
= = −

×
 

 2.91 MPa (C)bottomσ = ........................................................Ans. 
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( )4 34 1.2732 in.

3 3
rd
π π

= = =  

 
( ) ( )4 44 4

43 8 38 8.890 in.
8 9 8 9
r rI

ππ
π π

= − = − =  

 
( )( )

( )
20 1.7268

3.88 ksi 3.88 ksi (T)
8.890

r
top

M y
I

σ
− −−

= = = + = ..................................... Ans. 

 
( )( )

( )
20 1.2732

2.86 ksi 2.86 ksi (C)
8.890bottomσ

− − −
= = − = .............................................. Ans. 
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( )( ) ( )( ) ( )

3 3
3 450 50 20 20

507.5 10  mm
12 12

I = − =  

 
( )( )6 9110 10 507.5 10

2233 N m
0.025r

IM
c
σ

−× ×
= = = ⋅  

 .................................................................Ans. 2.23 kN mrM ≅ ⋅
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( ) ( )( ) ( ) ( )( ) ( ) ( )

( )( ) ( )( ) ( )
2 2

2 2

0.5 8 1 3 4 1 7 4 3 4
3.113 in.

8 1 4 1 4 3 4
xMd

A

π

π

 + + −        = = =
+ + −

 

 

( )( ) ( )( ) ( )( )

( ) ( ) ( )

3 3 3

4 4 2 2
2 4

8 3.113 7 2.113 1 1.887
3 3 3

4 3 4 3
            3.887 152.33 in.

64 4

I

π π

= − +

− −
+ + =

 

(a) 
( )( )

( )
30 12 5.887

13.91 ksi
152.33

r
top

M y
I

σ
− ×−

= = = +  

 13.91 ksi (T)topσ = ...................................................... Ans. 

(b) 
( )( )

( )
30 12 3.113

7.36 ksi 7.36 ksi (C)
152.33bottomσ

− × −
= = − = ........................................... Ans. 
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(a) ( )( ) ( )9 6 6 2210 10 1200 10 252.00 10  N/m 252 MPaEσ ε −= = × × = = .................... Ans. 

(b) 
( )( ) ( )

3
6 450 50

0.5208 10  mm
12

I = =  

 
( )( )6 6252.00 10 0.5208 10

5250 N m
0.025r

IM
y
σ

−− × ×−
= = = − ⋅  

 ................................................................................................................ Ans. 5.25 kN mrM = − ⋅
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 ( ) ( )2 12 2  inR h hρ = + = + .  

 
( )
( )

2
12 2x x

E hcE E
h

σ ε
ρ

= = =
+

 

 
( )24 3624 0.0298 in.

29,000 36
x

x

h
E

σ
σ

= = =
− −

........................................................................... Ans. 
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 ( ) ( ) ( )2 25 2 12.5  mmR h R Rρ = + = + = +  

 
( )12.5

12.5x x

EcE E
R

σ ε
ρ

= = =
+

 

 
( ) ( )( )12.5 73,000 12.5

12.5 12.5 9113 mm 9.11 m
100x

E
R

σ
= − = − = ≅ ........................ Ans. 
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0 :cutMΣ =   0rM M− − =

  15 kip in.rM M= − = − ⋅
(The internal resisting moment is the same over the entire length of the beam.) 

 
( )( )3

42 2
1.3333 in.

12
I = =  

 
( )( )
( )

15 1
11.25 ksi 11.25 ksi (T)

1.3333
r

top
M y
I

σ
− −−

= = = + = ........................................... Ans. 
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( ) ( )( ) ( ) ( )( ) ( ) ( )

( )( ) ( )( ) ( )

2

2

12.5 250 25 100 25 150 225 100 4
124.36 mm

250 25 25 150 100 4
xMd

A

π

π

 + +        = = =
 + +        

 

 

( )( ) ( )( ) ( )( )

( ) ( ) ( ) ( )

3 3 3

4 2
2 6 4

250 124.36 225 99.36 25 50.64
3 3 3
100 100

           100.64 172.24 10  mm
64 4

I

π π

= − +

+ + =

 

 
( )( )

( ) ( )
3

6 2
6

100 10 0.15064
87.5 10  N/m

172.24 10
r

bottom
M y
I

σ
−

− × −−
= = = +

×
 

 87.5 MPa (T)bottomσ = .................................................................................................. Ans. 
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0 :CMΣ =  ( ) ( )20 3 1000 18 2000 0DR − − =  

  1950 lb DR = ↑

0 :cutMΣ =  ( ) ( )5 1950 3 2000 0rM− + − =  

  3750 lb ft 3.750 kip ftrM = ⋅ = ⋅

 
( )4 4

4
2 1.5

8.590 in.
4

I
π −

= =  

 
( )( )

( )
3.750 12 2

10.48 ksi 10.48 ksi (C)
8.590

r
A

M y
I

σ
− ×−

= = = − = ................................. Ans. 

 
( )( )

( )
3.750 12 1.5

7.86 ksi 7.86 ksi (T)
8.590Bσ

− × −
= = + = ................................................ Ans. 
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( ) ( )( ) ( ) ( )( )

( )( ) ( )( )
140 120 40 60 40 120

100 mm
120 40 40 120

xMd
A

+      = = =
+      

 

 

( )( ) ( )( ) ( )( )

( )

3 3

6 4

120 60 80 20 40 100
3 3 3

21.76 10  mm

I = − +

=

3

 

0 :cutMΣ =   0rM M− − =

 rM M= −  

(The internal resisting moment is the same over the entire length of the beam.) 

 At the top of the beam ( )90 MPa Tσ =  

 
( )( )

( )

6 690 10 21.76 10
32.6 kN m

0.060r
IM M

y
σ

−× ×
= − = = = + ⋅  

 At the bottom of the beam  ( )140 MPa Cσ =

 
( )( )

( )

6 6140 10 21.76 10
30.5 kN m

0.100r
IM M

y
σ

−− × ×
= − = = = + ⋅

−
 

 ................................................................................................... Ans. max 30.5 kN m M = ⋅
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  0.5i od d= −

(a) 
( )( )
( )

max 44

100 2

0.5 64
or

o o

dM c
I d d

σ
π

= =
 − − 

 

 
( )
( )

max 44

32 100
 ksi

0.5
o

o o

d

d d
σ

π
=

 − − 

 

(b) .............................................Ans. min 3.9 in.d ≅
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( )33 42 8

12 12 12
b bbh bI = = =  

(a) 
( )( )
( )

( )( )
max 44

6000 2 12 6000
88 12

r h bM c
I bb

σ = = =  

 
( )( ) ( ) 2

max 4 3

12 6000 9000
N/m

8
b

b b
σ = =  

(b) .............................................Ans. min 150 mmh ≅
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From Table B-3 for an S  4 9.5 section× 2 4.00 ind c .= =   22.79 in.A =

   46.79 in.I = 33.39 in.S =

  ( )( )1 20 3.39 67.8 kip in.M Sσ= = = ⋅

  ( )( )1.75 1.75 67.8 118.65 kip in.RM M= = = ⋅

 ( )( )
3

26.79 2 2 0.5
12R
btI bt t
 

= + + + 
 

 

 
( )( )118.65 2

20 ksiR R

R R

tM c
I I

σ
+

= = ≤  

 
( )( ) ( ) 4118.65 2

5.9325 2  in.
20R

t
I t

+
≥ = +  

 ( )( ) ( )
3

26.79 2 2 0.5 5.9325 2
12
bt bt t t
 

+ + + ≥ + 
 

 

 
( )23

30.45 35.595
12 2 0.5

tb
t t t

+
≥

+ +
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  ( )( ) 2200 30 6000 mmaA = = ( ) ( ) 22 150 200 6000 mmbA t w= + =  

  ( )30 1.5  mmw t= −

 
( )( ) ( )

3
6 430 200

20.00 10  mm
12aI = =  

 
( )( )6 6150 10 20 10

30,000 N m
0.100a

IM
c
σ

−× ×
= = = ⋅  

 

( ) ( ) ( )( )

( ) ( )

3 3
2

3 6 6

200 150
2 150 100 0.5

12 12

100 30,000 2 10 20 10  mm

b

w t

4

I t t

t t

 
= + + + 

 

= + + +

 

 

 
( )6150 10

 N m
0.100

b
b

IIM
c t
σ ×

= = ⋅
+

 

 

( )

( )

% 100

1 100
30,000

b a

a

b

M MInc
M

M

−
=

 = − 
 

 

 ( )5000% 1 100
0.100

bIInc
t

 = − + 
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0 :yF↑Σ =   1000 0rV− − =

 ...............................................................................Ans. 1000 lbrV = −

0 :cutMΣ =   1000 0rM x+ =

 .................................................................Ans. ( )1000  lb ftrM x= − ⋅
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0 :yF↑Σ =   ( )2 0rx V− − =

 .............................................................................Ans. ( )2  kNrV x= −

0 :cutMΣ =  ( )( )2 2rM x x+ = 0  

 .....................................................................Ans. ( )2  kN mrM x= − ⋅
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0 :BMΣ =  ( )( ) ( )( )200 10 5 500 2 10 0AR× − − =  900 lbAR =  

0 10x≤ ≤  ft  

0 :yF↑Σ =   ( )900 200 0rx V− − =

 .......................................................... Ans. (900 200  lbrV = − )x

0 :cutMΣ =  ( )( )200 2 900 0rM x x x+ − =  

 ............................................... Ans. ( )2900 100  lb ftrM x x= − ⋅
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0 :BMΣ =   ( )( )15 4 6 8 0AR× − = 45 kNAR =  

0 :yF↑Σ =   ( )45 15 0rx V− − =

 .....................................................................Ans. ( )45 15  kNrV x= −

0 :cutMΣ =  ( )( )45 15 2 0rM x x x− + =  

 .......................................................Ans. ( )245 7.5  kN mrM x x= − ⋅
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0 :BMΣ =  ( )( ) ( )( )5000 4 2000 8 12 0AR+ − =  3000 lbAR =  

4 ft 8 ftx≤ ≤  

0 :yF↑Σ =   3000 2000 0rV− − =

 ...................................................................... Ans. ( )1000  lbrV =

0 :cutMΣ =  ( )( )3000 2000 4 0rM x x− + − =  

 .............................................. Ans. ( )1000 8000  lb ftrM x= + ⋅
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0 :yF↑Σ =  ( ) ( )2 0AR wL wL+ − =   AR wL= ↑  

0 :AMΣ =  ( )( ) ( )( )2 2 3 2AM wL L wL L+ − 0=  25 2  AM wL=  

0 :yF↑Σ =   ( ) ( ) 0rwL wx V+ − =

 ...........................................................Ans. (rV wL wx w L x= + = + )
0 :cutMΣ =  ( ) ( ) ( )( )25 2 2rM wL wL x wx x 0+ − − =  

 (
2 2

25 2 5
2 2 2r

wx wL w )2M wLx x Lx L= + − = + − ...................Ans. 
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0 :AMΣ =  ( )( ) ( )( )12 2000 4 5000 8 0BR − − =  4000 lbBR =  

0 :cutMΣ =  ( )( )4000 2 0rM− =  

  ( )8000  lb ftrM = ⋅

 
( )( )33

43 8
128.00 in.

12 12
bhI = = =  

On the bottom of the beam ( )4 in.y = −  

 
( )( )
( )
8 12 4

3.00 ksi 3.00 ksi (T)
128.00

rM y
I

σ
− × −−

= = = + = ............................................. Ans. 
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From Table B-4 for an S  254 52 section× 2 254.00 mmd c= =   ( )6 461.2 10  mmI =

0 :AMΣ =  ( )( )8 15 4 2BR − × =  0 15 kNBR =  

0 :cutMΣ =   ( )( )15 3 0rM− + = 45 kN mrM = ⋅  

On the bottom of the beam ( )127.0 mmy = −  

 
( )( )
( ) ( )6 2

6

45,000 0.127
93.4 10  N/m

61.2 10
rM y

I
σ

−

− −−
= = =

×
 

 93.4 MPa (T)σ = .......................................................................................................... Ans. 

On the top of the beam ( )  127.0 mmy = +

 
( )( )
( ) ( )6 2

6

45,000 0.127
93.4 10  N/m 93.4 MPa (C)

61.2 10
σ

−

− +
= = − =

×
............................... Ans. 
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0 :BMΣ =  ( )( ) ( )( )2000 13 1000 6 5 10 0AR+ × − =  5600 lbAR =  

0 :AMΣ =  ( )( ) ( )( )2000 3 1000 6 5 10 0BR− × + =  2400 lbBR =  

(a) ..................................................................................................................... Ans. ( )2000  lbrV = −

 ( ) [ ]2000 3 2000 6000  lb ftrM x x= − + = − − ⋅ ................................................................ Ans. 

(b) ......................................................................................... Ans. ( )2000 5600 3600  lbrV = − + =

 ( ) [ ]2000 3 5600 3600 6000  lb ftrM x x x= − + + = − ⋅ ................................................... Ans. 

(c) ( ) ( )2000 5600 1000 2 1000 5600  lbrV x= − + − − = − +x ............................................ Ans. 

 ( ) ( )( )2000 3 5600 1000 2 2 2rM x x x x= − + + − − −  

 ............................................................................. Ans. 2500 5600 8000  lb ftrM x x= − + − ⋅ 

(d) ( ) ( )2000 5600 1000 6 2400  lbrV = − + − = − ................................................................... Ans. 

 ( ) ( )( )2000 3 5600 1000 6 5rM x x= − + + − −x  

 [ ]2400 24,000  lb ftrM x= − + ⋅ .......................................................................................... Ans. 
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0 :BMΣ =  ( )( ) ( )( )12 6 9 24 4 10 0AR× + − =  74.4 kNAR =  

0 :AMΣ =  ( )( ) ( )( )12 6 1 24 6 10 0BR− × − + =  21.6 kNBR =  

 

(a) ................................................................................... Ans. ( ) ( )12 2 12 24  kNrV x x= − + = − −

 ( )( ) ( ) 212 2 2 2 6 24 24  kN mrM x x x x = − + + = − − − ⋅     .................................... Ans. 

(b) ................................................................... Ans. ( ) ( )12 2 74.4 12 50.4  kNrV x x= − + + = − +

 ( )( ) ( ) 212 2 2 2 74.4 6 50.4 24  kN mrM x x x x x= − + + + = − + − ⋅     .................. Ans. 

(c) .......................................................................................... Ans. ( ) ( )12 6 74.4 2.4  kNrV = − + =

 ( ) ( ) [ ]12 6 1 74.4 2.4 72  kN mrM x x x= − − + = + ⋅   ................................................... Ans. 

(d) ............................................................................ Ans. ( ) ( )12 6 74.4 24 21.6  kNrV = − + − = −

 ( ) ( ) ( ) [ ]12 6 1 74.4 24 6 21.6 216  kN mrM x x x x= − − + − − = − + ⋅   ...................... Ans. 
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0 :BMΣ =  ( )( )( ) ( )1 2 1500 12 4 12 0AR− =    3000 lbAR =  

0 :AMΣ =  ( )( )( ) ( )12 1 2 1500 12 8 0BR − =    6000 lbBR =  

(a) ( ) ( 21 15003000 62.5 3000  lb
2 12r

xV x x  = − = − +  
  

) .................................................. Ans. 

 ( ) 31 15003000 20.83 3000  lb ft
2 12 3r

x xM x x x x      = − = − −           
 ⋅ ...................... Ans. 

(b) 125 0rdV x
dx

= − =  Solving yields: 0x =  

 Therefore, the maximum shear force occurs either at the beginning or end of the region: 

  0 3000 lbxV = = 12 6000 lbxV = = −  

 .................................................................................................... Ans. ( )max 12 6000  lbxV V == = −

 262.5 3000 0rdM x
dx

= − + =  Solving yields: 6.928 ftx =  

  

  0 0 lb ftxM = = ⋅ 6.928 13,858 lb ftxM = = ⋅  12 0 lb ftxM = = ⋅  

 ............................................................... Ans. max 6.928 13,858 lb ft 13.86 kip ftxM M == = ⋅ ≅ ⋅
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0 :BMΣ =  ( )( ) ( )( )9 4 15 2 1.5 3 0AR+ × − =  27.0 kNAR =  

0 :AMΣ =  ( )( ) ( )( )3 9 1 15 2 1.5BR + − × 0=  12.0 kNBR =  

(a) ............................................................. Ans. ( ) ( )9 27 15 0.5 15 25.5  kNrV x x= − + − − = − +

 ( ) ( )( ) ( )9 1 27 15 0.5 0.5 2rM x x x x= − + + − − −    

 ............................................................................ Ans. 27.5 25.5 10.88  kN mrM x x= − + − ⋅ 
(b) From Table B-4 for an S  178 30 section× 2 177.8 mmd c= =  

 ( )6 417.6 10  mmI =  ( )3 3198 10  mmS =  

 ( ) ( ) ( )( ) ( )1.5 9 2.5 27 1.5 15 1 0.5 10.5 kN mM = − + − = + ⋅    

  15 88.9 15 73.9 mmy c= − + = − + = −

 
( )( )

( ) ( )6 2
6

10,500 0.0739
44.1 10  N/m

17.6 10
rM y

I
σ

−

− −−
= = = +

×
 

 44.1 MPa (T)σ = ................................................................................................................. Ans. 

(c) 
( )
( ) ( )6 2

6

10,500
53.0 10  N/m

198 10
rM

S
σ

−
= = =

×
 

 max 53.0 MPa (C, top; T, bottom)σ = .............................................................................. Ans. 
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0 :BMΣ =  ( )( ) ( ) ( )( ) ( )500 6 7 800 5 2.5 10 0AR+ −       =   1100 lbAR =

0 :AMΣ =  ( )( ) ( ) ( )( ) ( )10 500 6 3 800 5 12.5 0BR − −       =   5900 lbBR =

(a) .................................................................................. Ans. ( )( ) ( )1100 500 6 1900  lbrV = − = −

 ( )( ) ( ) [ ]1100 500 6 3 1900 9000  lb ftrM x x x= − − = − +   ⋅ ....................................... Ans. 

(b) From Table B-3 for an S  8 23 section× 2 8.00 ind c .= =  

  464.9 in.I = ( )3 316.2 10  in.S =  

  ( ) ( )( ) ( )3 1100 3 500 3 1.5 1050 lb ftM = − =   ⋅ .1 4 1 3 iny c= − = − = +  

 
( )( )

( )
1050 12 3

582 psi 582 psi (C)
64.9

rM y
I

σ
− ×−

= = = − = ........................................... Ans. 

(c) 
( )
( )max

1050 12
778 psi (C, top; T bottom)

16.2
rM

S
σ

×
= = = .............................................. Ans. 
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0 :BMΣ =   ( )( )3 2 3 4 0AR× − = 4.50 kNAR =  

0 :AMΣ =  ( )( )4 3 2 1BR − × =  0 1.50 kNBR =  

 
( ) ( )( ) ( ) ( )( )

( )( ) ( )( )
140 120 40 60 40 120

100 mm
120 40 40 120

xMd
A

+      = = =
+      

 

 
( )( ) ( )( ) ( )( ) ( )

3 3 3
6 4120 60 80 20 40 100

21.76 10  mm
3 3 3

I = − + =  

  ( ) ( )( )3 1 1.50 1 1.500 kN mBM R= = = ⋅

At the top of the section  ( )60 mmy = +

 
( )( )
( ) ( )6 2

6

1500 0.060
4.14 10  N/m

21.76 10
rM y

I
σ

−

−−
= = = −

×
 

 4.14 MPa (C)σ = ................................................................................................................. Ans. 

At the bottom of the section ( )  100 mmy = −

 
( )( )
( ) ( )6 2

6

1500 0.100
6.89 10  N/m 6.89 MPa (T)

21.76 10
σ

−

− −
= = + =

×
.................................... Ans. 
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10

10

0
0

1 5000 10,0001000sin cos  lb
2 10 10A B

s sR R dsπ π
π π

−      = = = =            
∫  

(a) 
0 0

10,000 1000sin
10

x x

r A
sV R wds dπ

π
   = − = −   
   ∫ ∫ s  

 
0

10,000 10,000 10,000cos cos  lb
10 10

x

r
s xV π π

π π π
       = + =              





............................... Ans. 

 

( ) ( )
0 0

2
0 0

10,000 1000 sin
10

10,000 10,000 100,000 10,000cos sin cos
10 10 10

x x

r A

x x

x sM R x w x s ds x s ds

0

x
x x s s s s

π
π

π π
π π π π

   = − − = − −   
   

           = + + −                      

∫ ∫
π 




 

 2

100,000 sin  lb ft 10.13sin  kip ft
10 10r

x xM π π
π

     = ⋅ =          


⋅


..................................... Ans. 

(b) max 0 10
10,000 3183 lb 3.18 kipx xV V V
π= == = = = ≅ ........................................................ Ans. 

 max 5 2

100,000 10,132 lb ft 10.13 kip ftxM M
π== = = ⋅ ≅ ⋅ ............................................... Ans. 
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0 :BMΣ =   ( )
4

0
4 4 Aw s ds R− − =∫ 0

 

( )
4

0

4 4 4

2 2
0 0 0

1 4 25cos
4 8

200 400 50 400sin cos sin  kN
8 8 8

A
sR s dx

s s s s

π

π π π
π π π π

  = −     

            = − − =                        

∫
 

(a) 2 20 0
0

400 400 20025cos sin
8 8

x
x x

r A
s sV R wds dsπ π

π π π
        = − = − = −                

∫ ∫  

 2

400 200 sin  kN
8r
xV π

π π
    = −       

 .................................................................................... Ans. 

 

( ) ( )20 0

2 2
0 0

400 25cos
8

400 200 1600 200sin cos sin
8 8

x x

r A

x x

x sM R x w x s ds x s ds

08

x
x s s s

π
π

π π
π π π π

    = − − = − −        

           = − + +                      

∫ ∫

sπ 



 

 
( )

2 2

400 4 1600 cos  kN m
8r

x xM π
π π

−  = +  
  

⋅ ................................................................. Ans. 

(b) max 0 2

400 40.5 kNxV V
π== = = .............................................................................................. Ans. 

 2

400 200 sin 0
8

rdM x
dx

π
π π

 = − = 
 

 1.7573 mx =  

 ........................................................................................... Ans. max 1.7573 34.1 kN mxM M == = ⋅
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0 :BMΣ =   ( )
10

0
10 10 0Aw s ds R− − =∫

 ( )( ) ( )
103 410 2

0
0

1 1010 10 833.3  lb
10 3 4A

s sR s s ds
 

= − = − = 
 

∫  

(a) ( )2

0 0
833.3 10 833 3.33  lb

x x

r AV R wds s ds x= − = − = −∫ ∫ 3 .......................................... Ans. 

 ( ) ( )2

0 0
833.3 10

x x

r AM R x w x s ds x s x s ds= − − = − −∫ ∫  

 ........................................................................................... Ans. ( 4833 0.8333  lb ftrM x x= − ) ⋅

(b) ................................................................ Ans. ( )3
max 10 833.3 3.333 10 2500 lbxV V == = − = −

 3833.3 3.333 0rdM x
dx

= − =  6.300 ftx =  

 ............................................................................................ Ans. max 6.300 3.94 kip ftxM M == = ⋅
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0 :BMΣ =   ( )
8

0
8 8 Aw s ds R− − =∫ 0

 ( )( ) ( )8 82 3 2

0 0

1 164 8 8 64 512 213.3 kN
8 8AR s s ds s s s ds= − − = − − + =∫ ∫  

(a) ( )
3

2

0 0
213.3 64 213.3 64

3
x x

r A
xV R wds s ds x= − = − − = − +∫ ∫  

 ..................................................................................... Ans. 30.333 64.0 213  kNrV x x= − + 

 
( ) ( )( )2

0 0

4 4
2 2

213.3 64

213.3 32 64
4 3

x x

r AM R x w x s ds x s x s ds

x xx x x

= − − = − − −

= − + + −

∫ ∫
 

 ...................................................................... Ans. 4 20.0833 32.0 213  kN mrM x x x= − +  ⋅

(b) 2 64 0rdV x
dx

= − =  8 mx =  

 Therefore, the maximum shear force occurs  
either at the beginning or end of the region: 

  0 213.3 kNxV = = + 8 128.0 kNxV = = −  

 ............................................................................................................ Ans. max 0 213 kNxV V == =

 30.3333 64.0 213.3 0rdM x x
dx

= − + =  3.570 mx =  

 ............................................................................................. Ans. max 3.570 367 kN mxM M == = ⋅
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0 :BMΣ =   ( )( ) ( )1000 10 5 5 10 0AP R+ − =   ( )5000 0.5  lbA BR R P= = +  

 ( )( ) ( )( ) ( ) ( )5000 0.5 5 1000 5 2.5 12,500 2.5  lb ftPM P P= + − = +   ⋅  

From Table B-5 for a C  10 15.3 section×
  313.5 in.S =
  ( )( )max 16 2 13.5 432 kip in. 36 kip ftPM Sσ= = × = ⋅ = ⋅

 
12.5 36 12.5 9.40 kip

2.5 2.5
PMP − −

= = = ............................................................................. Ans. 
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0 :AMΣ =   5 5DR b− = 0 ( ) kNDR b=  

0 :DMΣ =   ( )5 5 5 0Ab R− − = ( )5  kAR b= − N  

(a)  ( )0 0.25x b≤ ≤ −  m ( )5  kNrM b x m= − ⋅    

  ( ) ( )0.25  m 0.25  mb x b− ≤ ≤ + ( ) ( )5 2.5 0.25  kN mrM b x x b= − − − + ⋅    

  ( )0.25  m 5 mb x+ ≤ ≤ ( )5  kNrM x b m= − ⋅    

 (Note that for any position of the crane,  
the maximum bending moment occurs  
under the wheel closest to the center of  
the beam.) 

(b)  ( ) ( ) (0.25 5 0.25B x bM M b b= −= = − − )

  2 5.25 1.25  kN mBM b b = − + − ⋅ 

  ( ) ( )0.25 4.75  kN mC x bM M b b= += = −   ⋅

(c) 2 5.25 0BdM b
dx

= − + =  

  2.625 mb = max 5.64 kN mBM = ⋅  

 4.75 2 0CdM b
dx

= − =  2.375 mb =  max 5.64 kN mCM = ⋅  
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 ( )( )2 1200 15 2 9000 lbB CR R wL= = = =  

(a) 0  ftx d≤ ≤  ( )( )( ) 21200 2 600  lb ftrM x x x = − = −  ⋅  

  ( )15  ftd x d≤ ≤ − ( )( )( ) (1200 2 900r )M x x x d= − + −  

  2600 9000 9000  lb ftx x d = − + −  ⋅  

  ( )15  ft 15 ftd x− ≤ ≤ ( )( )( )1200 15 15 2rM x= − − − x  

  2600 18,000 135,000  lb ftx x = − + −  ⋅  

(b)  :AB 2
max 600  lb ftAB x dM M d=  = = − ⋅   

 :BC  1200 9000 0dM x
dx

= − + =  7.5 ftx =  

  [ ]max 7.5 33,750 9000  lb ftBC xM M d== = − ⋅  

(c)   max maxAB BCM M− = 2600 33,750 9000d d= − 3.107 ftd =  
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0 :BMΣ = ( ) ( )( )5 15 6 2Cd R− − × = 0  
180 kN
5CR

d
 =  − 

 

0 :CMΣ = ( )( ) ( )15 6 3 5 0Bd d R× − − − =  
( )90 3

 kN
5A

d
R

d
− 

=  − 
 

(a)  0 1x≤ ≤  m ( )( ) ( )215 2 7.5  kN mrM x x x= − = − ⋅  

  ( )1 m 6  mx d≤ ≤ − ( )( ) ( ) ( )90 3
15 2 1

5r

d
M x x x

d
−

= − +
−

−  

  
( ) ( )2 90 3

7.5 1  kN m
5r

d
M x x

d
− 

= − + − ⋅ − 
 

  ( )6  m 6d x− ≤ ≤  m ( )( )15 6 6 2rM x x= − − −  

  27.5 90 270  kN mrM x x = − + − ⋅   

(b)  ( )2
max 7.5 1 7.5 kN mABM = − = − ⋅

  ( )1 m 6  mx d≤ ≤ −
( )90 3

15 0
5

r ddM x
dx d

−
= − + =

−
 

( )6 3
 m

5
d

x
d
−

=
−

 

 Note that when d , this gives a location for the maximum bending moment which is outside the 2.6 m≥
range for which the bending moment equation is valid ( )1.0 mx ≤ .  Furthermore, when , the 1.369 md =
bending moment at the right support is greater than the internal maximum.  Therefore, for  the 1.369 md ≥
maximum bending moment in the region BC is the same as the maximum bending moment in the region CD. 

 
( )

2

max 2
180 900 1080 kN m

5BC
d dM

d

 − +
= ⋅ 

−  
 1.369 md ≤  

   2
max max 7.5  kN mBC CDM M d = = −  ⋅ 1.369 md ≥

  2
max 7.5  kN mCDM d = − ⋅ 

(c)  max maxBC CDM M= −
( )

2
2

2
180 900 1080 7.50

5
d d d

d
− +

=
−

  1.369 md =
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0 :DMΣ =  

 ( )( ) ( )( )2000 12 6000 4 16 0AR+ − =  

  3000 lbAR = ↑
 

0 :AMΣ =  

 ( )( ) ( )( )16 2000 4 6000 12 0DR − − =  

  5000 lbDR = ↑
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0 :AMΣ =  

  ( )( ) ( )( )15 7.5 20 2 5 0CR+ − =

  30.5 kNCR = ↑
 

0 :CMΣ =  

 ( )( ) ( )( )5 15 2.5 20 3AR + − 0=  

  4.50 kNAR = ↑
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0 :CMΣ =  

  ( )( ) ( )( )2000 12 10 8000 8 16 0AR× − − =

  11,000 lbAR = ↑
 

0 :AMΣ =  

 ( )( ) ( )( )16 2000 12 6 8000 24 0CR − × − =  

  21,000 lbCR = ↑
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0 :DMΣ =  

  ( )( ) ( )( ) ( )( )10 7 20 3 15 5 10 0AR+ − − =

  5.50 kNAR = ↑
 

0 :AMΣ =  

 ( )( ) ( )( ) ( )( )10 10 3 20 7 15 15 0DR − − − =  

  39.5 kNDR = ↑
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0 :DMΣ =  

 ( )( ) ( )( ) ( )( )300 5 13.5 400 5 2.5 2000 7 11 0BR× − × + − =  

  2659 lbBR = ↑
 

0 :BMΣ =  

 ( )( ) ( )( ) ( )( )11 300 5 2.5 400 5 13.5 2000 4 0DR + × − × − =  

  2841 lbDR = ↑
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0 :DMΣ =  

  ( )( ) ( )( )30 4 2 20 6 8 0AR× + − =

  45 kNAR = ↑
 

0 :AMΣ =  

 ( )( ) ( )( )8 20 2 30 4 6DR − − × 0=  

 95 kNDR = ↑  
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0 :DMΣ =  

 ( )( ) ( )( ) ( )250 10 5 1500 15 1000 20 0AR× + + − =  

  1800 lbAR = ↑
 

0 :AMΣ =  

 ( ) ( )( ) ( )( )20 1000 1500 5 250 10 15 0DR + − − × =  

  2200 lbDR = ↑
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0 :DMΣ =  

  ( )( ) ( )( ) ( )( )10 9 10 6 3 20 3 6 0BR+ × − − =

 35 kNBR = ↑  

 

0 :BMΣ =  

 ( )( ) ( )( ) ( )( )6 10 3 10 6 3 20 9 0DR + − × − =  

 55 kNDR = ↑  

 
 
 
 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

7-57*  
0 :CMΣ =  ( )( ) ( )( )400 10 5 1000 2 10 0BR× − − =  

  1800 lbBR = ↑

0 :AMΣ =  ( )( ) ( )( )10 400 10 5 1000 12 0CR − × − =  

  3200 lbCR = ↑

 
( ) ( )( ) ( ) ( )( )

( )( ) ( )( )
7 6 2 3 2 6

6 2 2 6

5.00 in.

d
+      =
+      

=

 

 
( )( ) ( )( ) ( )( )3 3

4

6 3 4 1 2 5
3 3 3

136.0 in.

I = − +

=

3

 

From the moment diagram: max 4050 lb ft ,   2000 lb ftM = + ⋅ − ⋅  

 
At the section where  4050 lb ftM = + ⋅

 
( )( )
( )

4050 12 3
1072 psi 1072 psi (C)

136.00
r

top
M y
I

σ
− ×−

= = = − =  

 
( )( )

( )
4050 12 5

1787 psi 1787 psi (T)
136.00bottomσ

− × −
= = + =  

At the section where  2000 lb ftM = − ⋅

 
( )( )

( ) max

2000 12 3
529 psi 529 psi (T)

136.00top Tσ σ
− − ×

= = + = = ....................................... Ans. 

 
( )( )

( ) max

2000 12 5
882 psi 882 psi (C)

136.00bottom Cσ σ
− − × −

= = − = = ................................ Ans. 
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0 :EMΣ =  

 ( )( ) ( ) ( )( ) ( )( )3 2 7 6 5 4 2 3 2 6 0BR× + + × + − =  

  15.667 kNBR = ↑

0 :BMΣ =  

 ( )( ) ( ) ( )( ) ( )( )6 3 2 1 6 5 4 4 3 4ER + × + − × − = 0  

  13.333 kNER = ↑

From the moment diagram:  max 16.357 kN m , 6 kN mM = + ⋅ − ⋅

From Table B-2 for a : W102 19 section× ( )3 389.5 10  mmS =  

 
( )

( ) ( )6 2
6

16.357
182.8 10  N/m

89.5 10
rM

S
σ

−
= = = +

×
 

 182.8 MPa (T, bottom; C, top)σ = ................................................................................. Ans. 

Both stresses would be less at the section where 6 kN mM = − ⋅ . 
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7-59  
0 :DMΣ =  

 ( )( ) ( )( ) ( )( )3 17.5 10 7.5 5 7.5 27.5 0AR+ − − =  

  3.2727 kipAR = ↑

0 :AMΣ =  

 ( )( ) ( )( ) ( )( )27.5 3 10 10 20 5 35 0DR − − − =  

  14.7272 kipDR = ↑
 

From the moment diagram:  max 35,460 lb ft , 37,500 lb ftM = + ⋅ − ⋅

From Table B-3 for an S : 18 70 section×
   2 18.00 in.d c= = 4926 in.I =

 
( )( ) ( )( )

3
2 410 1

926 2 10 1 9.5 2733 in.
12C PI I I

 
= + = + + × = 

  
 

At the top of the section : 9 1 10 in.y = + =

 
( )( )

( )
37.5 12 10

1.647 ksi 1.647 ksi (T)
2733

r
top

M y
I

σ
− − ×−

= = = + = ............................. Ans. 

At the bottom of the section : 10 in.y = −

 
( )( )

( )
37.5 12 10

1.647 ksi 1.647 ksi (C)
2733bottomσ

− − × −
= = − = ...................................... Ans. 

Both stresses would be less at the section where 35, 460 lb ftM = + ⋅ . 
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0 :DMΣ =  ( )( ) ( )( )30 4 6 40 2 8 0AR× + − =  

  100 kNAR = ↑

0 :AMΣ =  ( )( ) ( )( )8 30 4 2 40 6DR − × − = 0  

  60 kNDR = ↑

From the moment diagram:  max 166.67 kN mM = + ⋅

From Table B-6 for a C : 254 45 channel× 2 254.0 mmd c= =  

 ( )6 442.9 10  mmX XI − =  

 ( ) ( )( ) ( )(

( )

3
26

6 4

250 25
2 42.9 10 2 250 25 139.5

12

329.4 10  mm

C PI I I= +

 
= × + + × 

  

=

)  

At the top of the section : 25 127 25 152 mmy c= + = + =

 
( )( )

( ) ( )
3

6 2
6

166.67 10 0.152
76.9 10  N/m

329.4 10
r

top
M y
I

σ
−

− ×−
= = = −

×
 

 76.9 MPa (C)topσ = ............................................................................................................. Ans. 

At the bottom of the section : 152 mmy = −

 
( )( )

( ) ( )
3

6 2
6

166.67 10 0.152
76.9 10  N/m

329.4 10
r

top
M y
I

σ
−

− × −−
= = = +

×
 

 76.9 MPa (T)bottomσ = ......................................................................................................... Ans. 
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0 :BMΣ =  ( )( ) ( )( )1000 12 6 6000 6 12 0AR× + − =  

  9000 lbA BR R= = ↑

From the moment diagram:  max 36 kip ftM = + ⋅

From Table B-11 for a : WT8 25 section×
  2 8.130 in.d c= = 1.89 in.top Cy y= =  

  442.3 in.I = ( ) 6.24 in.bottom Cy d y= − − = −  

 
( )( )

( )
36.0 12 1.89

19.30 ksi
42.3

r
top

M y
I

σ
− ×−

= = = −  

 19.30 ksi (C)topσ = .............................................. Ans. 

 
( )( )

( )
36.0 12 6.24

63.7 ksi
42.3

r
bottom

M y
I

σ
− × −−

= = = +  

 63.7 ksi (T)bottomσ = ............................................ Ans. 
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0 :yF↑Σ =   3 0AR − =

  3 kNAR = ↑

0 :AMΣ =   ( ) ( )( )4 3 2AM + − = 0

  2 kN m AM = ⋅
 

From the moment diagram:  max 1 kN m ,  3 kN mM = + ⋅ − ⋅

From Table B-6 for a C : 254 30 channel×
   69.6 mmfw = 15.4 mmtop Cy x= =

  ( )6 41.17 10  mmI = ( ) 54.2 mmbottom f Cy w x= − − = −  

At the section where : 3.00 kN mM = − ⋅

 
( )( )
( ) ( )6 2

6

3000 0.0154
39.5 10  N/m 39.5 MPa (T)

1.17 10topσ
−

− −
= = + =

×
 

 
( )( )
( ) ( )6 2

6

3000 0.0542
139.0 10  N/m 139.0 MPa (C)

1.17 10bottomσ
−

− − −
= = − =

×
 

At the section where : 1.00 kN mM = + ⋅

 
( )( )
( ) ( )6 2

6

1000 0.0154
13.16 10  N/m 13.16 MPa (C)

1.17 10topσ
−

−
= = − =

×
 

 
( )( )
( ) ( )6 2

6

1000 0.0542
46.3 10  N/m 46.3 MPa (T)

1.17 10bottomσ
−

− −
= = + =

×
 

Therefore, max 46.3 MPaTσ = ................................................................................................... Ans. 

 max 139.0 MPaCσ = ................................................................................................. Ans. 
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0 :CMΣ =  ( )( ) ( )( )1.8 20 2.2 10 20 0AR+ − =  

  2.90 kipA BR R= = ↑
 

From the moment diagram:  max 11.00 kip ftM = + ⋅

From Table B-15 for an 8 8 : -in. timber×

  370.3 in.S =
At the top and bottom of the timber: 

 
( )

( )max

11,000 12
1878 psi

70.3
rM

S
σ

×
= = =  

 max 1878 psi (T, bottom; C, top)σ = ........................ Ans. 
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0 :DMΣ =  

 ( )( ) ( ) ( )( ) ( ) ( )( )5 1 5 5 3 5 8 1.5 3.25 4 0AR+ + − + × − =  

  14.75 kNAR = ↑

0 :AMΣ =  

 ( )( ) ( )( ) ( ) ( ) ( )( )4 8 1.5 0.75 5 1 5 5 5 3DR − × − − + − = 0  

  7.25 kNDR = ↑
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0 :CMΣ =  ( )( ) ( )3 2 2 Bw L L LR 0− =    

 ( )3 4  BR wL= ↑  

0 :BMΣ =  ( ) ( )( ) ( )2 3 2CL R w L L− =    0

 ( )3 4  CR wL= ↑  

The maximum moment occurs  
where the shear force goes to zero, 

 
( )( )33 0

4 2r

wx L xwLV = − =  

 3 2 2.121x L L= ≅  

 ( ) ( )( )3

2.121

2

3 2.1213 1.121
4 6

0.3107

L

w L LwLM L

wL

 = − 
 

=

 

 
From the moment diagram: 2

max 0.3107M wL=  

From Table B-3 for an S1 :  5 50 section× 364.8 in.S =
Therefore 

 
( )20.3107 5 12

15 ksi
64.8
wM

S
σ

×
= = ≤   

 
( )( )

( )2

15 64.8
0.869 kip/in. 10.43 kip/ft

0.3107 5 12
w ≤ = =

×
..................................................... Ans. 
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For the complete structure: 

0 :DMΣ =  ( )( ) ( )( )3 3 1.5 1.5 3 1.5 0CR − − × =  

  3.75 kN 3.75 kNCR = = ↑

0 :yF↑Σ =  ( ) ( ) ( )3 1.5 3 3.75 0DR − − × + =  

  3.75 kN 3.75 kNDR = = ↑
For the member AB: 

0 :yF↑Σ =   ( )3 0BV− − =

  3 kN 3 kNBV = − = ↑

0 :BMΣ =   ( )( )3 1.5 0BM + =

  4.5 kN m 4.5 kN m BM = − ⋅ = ⋅
For the member CD: 

0 :yF↑Σ =   ( ) ( )3.75 1.5 3 0CV− × − =

  0.75 kN 0.75 kNCV = − = ↑

0 :CMΣ =  ( )( ) ( )( )1.5 3 1.5 3.75 3 0CM + × − =  

  4.5 kN m 4.5 kN m CM = + ⋅ = ⋅
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(a) For pipe AB: 

0 :AMΣ =  ( )( ) ( )( )64 16 27.5 48 27.5 0yB − − =  

  27.5 lbyB = ↑

0 :yF↑Σ =   27.5 27.5 27.5 0yA − − + =

  27.5 lbyA = ↑

From the moment diagram:  max 440 lb in.M = ⋅

From Table B-13 for a 1
2 -in. diameter pipe:  30.041 in.S =

Therefore 

 
440 10,732 psi

0.041
M
S

σ = = =   

 10.73 ksi (T, bottom; C top)σ ≅ ...................................................................................... Ans. 

(b) siny BCB F θ=  ( )1tan 35 64 28.673θ −= = °  

 sin 27.5 sin 28.673 57.314 lbBC yF B θ= = ° =  

 ( )2 23 16 4 0.02761 in.BCA π= =  

 
57.314 2076 psi 2.08 ksi (T)
0.02761

BC
BC

BC

F
A

σ = = = ≅ .......................................................... Ans. 

(c)   0 :xF→Σ = 57.314cos 28.673 0xA − ° =

  50.29 lb 50.29 lbxA = + = →

 ( ) ( )2 22 2 50.29 27.5 57.32 lbA x yF A A= + = + =  

 ( )2 21 4 4 0.04909 in.AA π= =  

 
57.32 584 psi

0.04909
A

A
A

F
A

τ = = = ............................................................................................ Ans. 
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0 :DMΣ =  ( )( ) ( )1.5 40 1.5 2 2.5 0ER − =    50 kNER = ↑  

0 :yF↑Σ =  ( )( )50 40 1.5 2 0DR + − =    

  20 kN 20 kNDR = − = ↓

0 :CMΣ =   ( )( ) (2 80 1.5 2.75BR −    )

 ( )( ) ( ) ( )( )40 2 1 20 1 0− −   =  

  215 kNBR = ↑

0 :BMΣ =   ( )( ) (2 80 1.5 0.75CR +    )

 ( )( ) ( ) ( )( )40 2 1 20 3 0− +   =  

  35 kN 35 kNCR = − = ↓
(a) Shear force and bending moment graphs are shown 

to the right. 

(b) From the moment diagram: max 90 kN mM = − ⋅  

 From Table B-4 for an S : 457 81 section× ( )3 31465 10  mmS =  

 
( )

( ) ( )6 2
max 6

90,000
61.4 10  N/m

1465 10
M
S

σ
−

= = =
×

 

 max 61.4 MPa (T, top; C, bottom)σ = ....................................................................... Ans. 
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0 :BMΣ =  

  ( )( ) ( )( )4050 40 1010 30.5 40 0Ax x− + − − =R

  ( )4820 126.5  lbAR x= − ↑

0 :AMΣ =  

 ( )( ) ( )( )40 4050 1010 9.5 0BR x x− − + =  

  ( )239.9 126.5  lbBR x= + ↑

Note that the maximum moment occurs under one of the wheels –  
probably under the rear wheels (  but possibly under the front  )C

wheels ( .  Finding the position )D x  which gives the maximum  
moment under the rear wheels, 

  ( )2126.5 4820  lb ftC AM R x x x= = − + ⋅

 ( )253 4820 0CdM x
dx

= − + =  19.05 ftx =  

  ( ) ( )2
max 19.05 126.5 19.05 4820 19.05C CM M= = − +

  max 45,914 lb ft 45.9 kip ftCM = ⋅ ≅ ⋅
Finding the position x  which gives the maximum moment under the front wheels, 

 ( ) ( )( ) ( )230.5 239.9 126.5 30.5 126.5 3618 7317  lb ftD BM R x x x x x= − = + − = − + + ⋅  

 ( )253 3618 0DdM x
dx

= − + =  14.30 ftx =  

  ( ) ( )2
max 14.30 126.5 14.30 3618 14.30 7317 33,186 lb ftD DM M= = − + + = ⋅

 ............................................................................ Ans. max 45,914 lb ft 45.9 kip ftM = ⋅ ≅ ⋅
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(a)  ( )1500 9.81 14,715 N 14.715 kNP mg= = = =

0 :BMΣ =   ( ) ( )10 10 0AP x R− − =

  ( )0.1  kNAR P Px= −

0 :AMΣ =   ( )10 0BR Px− =

  ( )0.1  kNBR Px=

(b)  ( )20.1  kN mAM R x Px Px= = − ⋅

 0.2 0dM P Px
dx

= − =  

 ............................................................... Ans. 5.00 mx =

  ( )( ) ( )( )2
max 5 14.715 5 0.1 14.715 5 36.8 kN mM M= = − = ⋅
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For the combined system of beams: 

0 :HMΣ =   ( )22.5 10 37.5 0AR− =

  6.00 kip 6.00 kipAR = = ↑

0 :AMΣ =   ( )37.5 15 10 0HR − =

  4.00 kip 4.00 kipHR = = ↑

For the beam ABD: 

0 :DMΣ =   ( )5 15 6BCT − = 0

  18.00 kip 18.00 kip (T)BCT = =

0 :yF↑Σ =   6.00 18.00 10 0DR− − + =

  22.00 kip 22.00 kipDR = = ↑
For the beam EGH: 

0 :EMΣ =   ( )15 4 5 0FGT− =

  12.00 kip 12.00 kip (T)FGT = =

0 :yF↑Σ =   4.00 12.00 0ER− + =

  8.00 kip 8.00 kipER = = ↑
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0 :CMΣ =   ( )( )10 2 4 0BR− = 5 kN 5 kNBR = = ↑  

0 :yF↑Σ =   5 0AV− = 5.00 kN 5.00 kNAV = = ↓  

 
( )( ) ( )

3
6 4150 200

100.0 10  mm
12

I = =  

  0aQ = 0 MPaaτ = ........................................ Ans. 

 ( ) ( )3 375 150 50 562.5 10  mmb CQ y A= = × =  

 
( )( )
( )( ) ( )

6
3 2

6

5000 562.5 10
187.5 10  N/m

100.0 10 0.150b
VQ
It

τ
−

−

×
= = =

×
 

 187.5 kPabτ = ............................................................... Ans. 

 ( ) ( )3 350 150 100 750.0 10  mmc CQ y A= = × =  

 
( )( )
( )( ) ( )

6
3 2

6

5000 750.0 10
250 10  N/m

100.0 10 0.150b
VQ
It

τ
−

−

×
= = =

×
 

 250 kPabτ = ................................................................. Ans. 
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( )( ) ( )( )3 3

48 12 4 8
981.3 in.

12 12
I = − =  

(a)  ( ) 3
2 5 8 2 80.0 inCQ y A= = × =

 
( )( )
( )( )
7000 80.0

142.7 psi
981.3 4

VQ
It

τ = = = .............................. Ans. 

(b)  ( ) ( ) 3
3 5 8 2 3.5 4 1 94.0 inCQ y A= = × + × =

 
( )( )
( )( )
7000 94.0

167.6 psi
981.3 4

VQ
It

τ = = = ................................................................................ Ans. 

(c)  ( ) ( ) 35 8 2 2 4 4 112.0 inNAQ = × + × =

 
( )( )
( )( )max

7000 112.0
199.7 psi (at neutral axis)

981.3 4
VQ
It

τ = = = .......................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

7-74  
0 :CMΣ =   ( )( ) ( )( )25 3 25 1 5 0BR+ − =

  20.0 kN 20.0 kNBR = = ↑

0 :yF↑Σ =   20 25 0AV− − =

  5.00 kN 5.00 kNAV = − = ↑

From Table B-2 for a : W 254 89 section× ( )6 4142 10  mmI =  

  2 260 mmd c= = 10.7 mmwt =  

  256 mmfw = 17.3 mmft =  

(a) ( ) ( ) ( )3 3121.35 256 17.3 56.35 112.7 10.7 605.4 10  mmNA CQ y A= = × + × =  

 
( )( )
( )( ) ( )

6
6 2

max 6

5000 605.4 10
1.992 10  N/m

142 10 0.0107
VQ
It

τ
−

−

×
= = =

×
 

 max 1.992 MPaτ = ........................................................................Ans. 

(b)  ( ) ( ) 2260 2 17.3 10.7 2412 mmwA = − =  

 
( ) ( )6 2

6

5000 2.07 10  N/m
2412 10avg

w

V
A

τ
−

= = =  

 max 2.07 MPaτ = ..........................................................................Ans. 
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 ( )1000 8 2 4000 lbB CR R= = × = ↑  

0 :yF↑Σ =   ( )4000 1000 2 0rV− × − =

  2000 lbrV =

From Table B-11 for a : WT 7 34 section× 7.020 in.d =  

   0.415 in.st = 432.6 in.I = 1.29 in.Cy =  

  ( ) 3
3 2.865 5.73 0.415 6.813 inCQ y A= = × =

 
( )( )
( )( )
2000 6.813

1007 psi (at neutral axis)
32.6 0.415

VQ
It

τ = = = ................................................ Ans. 
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( )( ) ( )( ) ( )

3 3
6 4180 200 140 120

99.84 10  mm
12 12

I = − =  

 ( ) ( )3 380 40 180 576 10  mmJ CQ y A= = × =  

 ( ) ( ) ( )3 380 40 180 30 40 60 648 10  mmNA CQ y A= = × + × =  

 ( )( )max 6 3.5 2 10.5 kNA BV R R= = = =  

(a) 
( )( )
( )( ) ( )

6
6 2

6

10,500 576 10
1.514 10  N/m

99.84 10 0.040J
VQ
It

τ
−

−

×
= = =

×
 

 1.514 MPaJτ = ..................................................................................................................... Ans. 

(b) 
( )( )
( )( ) ( )

6
6 2

6

10,500 648 10
1.721 10  N/m 1.721 MPa

99.84 10 0.040NAτ
−

−

×
= = =

×
................................ Ans. 
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0 :CMΣ =   ( )8 3 4000 0BR− − =

  1500 lb 1500 lbBR = − = ↓

0 :yF↑Σ =   1500 0AV− − =

  1500 lb 1500 lbAV = − = ↑

From Table B-1 for a :  W10 30 section× 4170 in.I =
  2 10.47 in.d c= = 0.300 in.wt =  

  5.810 in.fw = 0.510 in.ft =  
 
(a) ( ) ( ) 34.980 5.810 0.510 2.3625 4.725 0.300 18.105 inNA CQ y A= = × + × =  

 
( )( )
( )( )max

1500 18.105
533 psi (at neutral axis)

170 0.300
VQ
It

τ = = = ............................................ Ans. 

 
(b) With the weight of the beam included: 
  30 lb/ftw =

0 :CMΣ =  ( ) ( )2.5 30 11 8 3 4000 0BR× − − =  

  1397 lb 1397 lbBR = − = ↓

0 :yF↑Σ =   ( )1397 30 4 0AV− − × − =

  1517 lb 1517 lbAV = − = ↑
 

 
( )( )
( )( )max

1517 18.105
539 psi (at neutral axis)

170 0.300
VQ
It

τ = = = ........................................... Ans. 
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0 :AMΣ =   ( )2 20 0AM − =

  40.0 kN m AM = ⋅

0 :yF↑Σ =   20 0AR − =

  20 kN 20 kNAR = = ↑

From Table B-2 for a : W 203 60 section×
  2 210 mmd c= = 9.1 mmwt =  

  205 mmfw = 14.2 mmft =  

  ( )6 460.8 10  mmI = ( )3 3582 10  mmS =  

From the shear-force and bending-moment diagrams 

  max 20 kN (full length of the beam)V =

  max 40.0 kN m (at the wall)M = ⋅

 
( )
( ) ( )6 2

max 6

40,000
68.7 10  N/m

582 10
rM

S
σ

−
= = =

×
 

 max 68.7 MPa (T, top; C bottom)σ = .....................................Ans. 

 ( ) ( ) ( )3 397.9 205 14.2 45.4 90.8 9.1 322.5 10  mmNA CQ y A= = × + × =  

 
( )( )
( )( ) ( )

6
6 2

max 6

20,000 322.5 10
11.66 10  N/m

60.8 10 0.0091
VQ
It

τ
−

−

×
= = =

×
 

 max 11.66 MPaτ = ........................................................................................................... Ans. 
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7-79*  
From the shear-force and bending-moment diagrams: 

   max 1160 lbV = max 1346 lb ftM = ⋅

 
( )( ) ( )( )3 33

42 6 2 3
40.5 in.

12 12 12
bhI = = + =  

(a) At the bottom of the beam  from the left support: 2.32 ft

 
( )( )

( )max

1346 12 3
1196 psi

40.5
rM y

I
σ

− × −−
= = = +  

 max 1196 psi (T)σ = ...................................................... Ans. 

(b) At the left support: 

 
( ) ( ) ( )

( )( )
1160 0.75 1.5 2 1.5 3 2

80.6 psi
40.5 4NA

VQ
It

τ
× + ×  = = =  

 
( ) ( )

( )( )1.5

1160 2.25 1.5 2
96.7 psi

40.5 4
VQ
It

τ
×  = = =  

 max 1.5 96.7 psi (1.5 in. above and below NA)τ τ= = .................................................... Ans. 
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7-80  
0 :BMΣ =   ( ) ( )9 2.5 6 0.5 6 3 0AR+ + − =

  9.0 kNAR = ↑

0 :yF↑Σ =   9 6 6 0BR− − + =

  3.0 kNBR = ↑
From the shear-force and bending-moment diagrams 

   max 9.0 kNV = max 10.5 kN mM = ⋅

 
( )( ) ( )

3
6 4100 240

115.2 10  mm
12

I = =  

(a) ( ) ( )3 395 100 50 475 10  mmJ CQ y A= = × =  

 
( )( )
( )( ) ( )

6
3 2

6

9000 475 10
371 10  N/m 371 kPa

115.2 10 0.100J
VQ
It

τ
−

−

×
= = = =

×
............................... Ans. 

(b) ( ) ( )3 360 100 120 720 10  mmNA CQ y A= = × =  

 
( )( )
( )( ) ( )

6
3 2

6

9000 720 10
563 10  N/m 563 kPa

115.2 10 0.100NA
VQ
It

τ
−

−

×
= = = =

×
............................. Ans. 

(c) 
( )( )
( ) ( )6 2max

max 6

10,500 0.120
10.94 10  N/m

115.2 10
M c

I
σ

−
= = =

×
 

 max 10.94 MPa (T, bottom; C, top)σ = ............................................................................ Ans. 
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7-81  
0 :BMΣ =  ( )( ) ( )250 4 2 2 4 0AR− =    

  250 lbA BR R= = ↑
From the shear-force and bending-moment diagrams 

  max 250 lbV = max 333.3 lb ftM = ⋅  

 
( )( )33

48 0.5
0.08333 in.

12 12
bhI = = =  

 
( )( )

( )max

333.3 12 0.25
11,999 psi

0.08333
rM c

I
σ

×
= = =  

 max 12.00 ksi (T, bottom; C, top)σ ≅ ........................................................................ Ans. 

  ( )( ) 30.125 8 0.25 0.25 in.NA CQ y A= = × =

 
( )( )
( )( )max

250 0.25
93.8 psi  (at neutral axis)

0.08333 8
VQ
It

τ = = = ............................................. Ans. 

The results for maxτ  are worthless since 16w d =  and Eq. 7-12 gives useful results only when 1w d < . 
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7-82*  
 ( )4 6 2 12.0 kNA BR R= = × = ↑  

From the shear-force and bending-moment diagrams 

  max 12.0 kNV = ( )0.5 12.0 4 0.5 10.0 kNV = − =  

  max 18.0 kN mM = ⋅ ( )1.0 12.0 4 1 8.0 kNV = − =  

 
( ) ( )( ) ( ) ( )( ) ( ) ( )( )

( )( ) ( )( ) ( )( )
225 250 50 125 50 150 25 150 25

250 50 50 150 150 25

143.18 mm

d
+ +        =
+ +          

=

 



 

( )( ) ( )( )

( )( ) ( )( ) ( )

3 3

3 3
6 4

150 143.18 100 93.18
3 3

250 106.82 200 56.82
           209.1 10  mm

3 3

NAI = −

+ − =

 

(a) ( ) ( )3 381.82 250 50 1022.8 10  mmTJ CQ y A= = × =  

 
( )( )
( )( )

6

6

8000 1022.8 10

209.1 10 0.050TJ
VQ
It

τ
−

−

×
= =

×
 

 ......................................Ans. ( )3 2783 10  N/m 783 kPaTJτ = =

(b) ( ) ( )3 3118.18 150 50 886.4 10  mmBJQ = × =  

 
( )( )
( )( ) ( )

6
3 2

6

10,000 886.4 10
848 10  N/m 848 kPa

209.1 10 0.050BJτ
−

−

×
= =

×
= ...................................... Ans. 

(c) ( ) ( ) ( )3 381.82 250 50 28.41 56.82 50 1103.5 10  mmNAQ = × + × =  

 
( )( )
( )( ) ( )

6
3 2

max 6

12,000 1103.5 10
1267 10  N/m 1267 kPa

209.1 10 0.050
τ

−

−

×
= =

×
= .............................. Ans. 

(d) 
( )( )
( ) ( )6 2max

max 6

18,000 0.14318
12.33 10  N/m

209.1 10
M c

I
σ

−

− −−
= = = +

×
 

 max 12.33 MPa (T)σ = .......................................................................................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

7-83  
0 :BMΣ =  ( )( ) ( )( )200 6 6 600 3 9 0AR× − − =  

  600 lb 600 lbAR = = ↑

0 :yF↑Σ =   ( ) ( )600 200 6 600 0BR− × + − =

  1200 1200 lbBR = = ↑
From the shear-force and bending-moment diagrams: 

  max 600 lbV = ± max 900 lb ftM = ± ⋅  

 
( )( ) ( )( )3 3

45 6 3 4
74.0 in.

12 12
I = − =  

(a) ( ) 32.5 5 1 12.5 inJ CQ y A= = × =  

 
( )( )
( )( )
600 12.5

50.7 psi
74.0 2J

VQ
It

τ = = = ................................. Ans. 

(b)  ( ) ( ) 32.5 5 1 2 1 2 1 16.5 inNAQ = × + × =  

 
( )( )
( )( )max

600 16.5
66.9 psi (at NA)

74.0 2
τ = = .......................... Ans. 

(c) 
( )( )

( )max

900 12 3
438 psi

74.0
rM c

I
σ

×
= = =  

 max 438 psi (T & C)σ = ....................................................................................................... Ans. 
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7-84  
 ( ) ( )4.5 2 2.25  NA BR R w w= = = ↑  

From the shear-force and bending-moment diagrams 

  ( )max 2.25  NV w= ( )max 2.53  N mM w= ⋅  

 
( )( ) ( )

3
6 4150 300

337.5 10  mm
12

I = =  

 ( ) ( )3 375 150 150 1687.5 10  mmNA CQ y A= = × =  

(a) 
( )( )
( )( )

6

max 6

2.25 1687.5 10
75.00

337.5 10 0.150

w
wτ

−

−

×
= =

×
 

  ( )3 2
max 75.00 825 10  N/mwτ = =

 .................................................................................. Ans. 11,000 N/m 11.00 kN/mw = =

(b) ( ) ( )2 2.25 11,000 11,000 0.6 18,150 NAV R wx= − = − =  

  ( ) ( )3 3
2 125 150 50 937.5 10  mmQ = × =

 
( )( )
( )( ) ( )

6
3 2

6

18,150 937.5 10
336 10  N/m

337.5 10 0.150Hτ
−

−

×
= =

×
 

 336 kPaHτ = .......................................................................................................................... Ans. 

(c)  ( )max 2.53 11,000 27,830 N mM = = ⋅

 
( )( )
( ) ( )6 2

max 6

27,830 0.150
12.37 10  N/m

337.5 10
rM y

I
σ

−

− −−
= = =

×
 

 max 12.37 MPaσ = ................................................................................................................. Ans. 
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7-85*  
 1000 2 500 lb 500 lbA BR R= = = = ↑  

  constant 500 lbV = =

 
( )( ) ( )( )3 3

46 12 4 8
693.3 in.

12 12
I = − =  

(a)  ( ) 35 6 2 60.0 inJ CQ y A= = × =

 
( )( )
( )( )
500 60.0

21.636 psi
693.3 2J

VQ
It

τ = = =  

  ( )( )21.636 12 2 519.3 lbJ J JF Aτ= = × =

 ........................................................................... Ans. 519 lbJF ≅

(b) 519.3 100 5.19 nailsJ NN F F= = =  12 5.19 2.13 in.s = =  

 ......................................................... Ans. Use 6 nails spaced 2 in. apart in a 12-in. length.
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7-86*  
From Table B-6 for a C : 457 86 channel×

   ( )6 47.41 10  mmI = 211,030 mmA =

  21.9 mmCx = 17.8 mmwt =  
For the beam: 

 ( ) ( ) ( )26 62 7.41 10 11,030 21.9 25.40 10  mmI  = + =   4

 ( ) ( )3 321.9 11,030 241.6 10  mmNA CQ y A= = =  

  constant 20 kNV = =

(a) 
( )( )
( )( )

6

6

20,000 241.6 10

25.40 10 0.4572NA
VQ
It

τ
−

−

×
= =

×
 

  ( )3 2416 10  N/m 416 kPaNAτ = =

 ( )( ) ( )3 32 416.1 10 0.4572 0.300 2 28.5 10  NB NA SF Aτ= = × × =  

 ................................................................................................................... Ans. 28.5 kNBF =

(b) ( )6 2
2

28,540 60 10  N/m
4

B

B

F
A d

τ
π

= = =  

  0.02461 m 24.61 mmd = =

 
( ) ( )6 228,540 125 10  N/m
0.0178

B
b

w

F
dt d

σ = = =  

  0.01283 m 12.83 mmd = =
Therefore 

 ...................................................................................................................... Ans. min 24.6 mmd =
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7-87  
From Table B-1 for a :  W18 97 section× 41750 in.I =

  2 18.59 in.d c= = 11.145 in.fw =  

 
For the beam: 

 
4600 2300 115 kip

20
MV
x

∆ −
= = =

∆
 

 
( )( ) ( )( )

3
2 410 0.5

1750 2 10 0.50 9.545 2661 in.
12

I
 

= + + × = 
  

 

  ( ) 39.545 10 0.50 47.73 inJ CQ y A= = × =

 
( )( )
( )( )
115 47.73

0.2063 ksi 206.3 psi
2661 10J

VQ
It

τ = = = =  

  ( )( )206.3 20 10 41, 260 lbJ J JF Aτ= = × =

 
( )

41, 260 8.596
2 2400

J

W

FN
F

= = =  

 .................................................................................................. Ans. Use 5 welds on each side.
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7-88  
 125 2 62.5 kNA BR R= = = ↑  constant 62.5 kNV = =  

From Table B-6 for a C : 305 45 channel× ( )6 467.4 10  mmI =  

  2 304.8 mmd c= = 80.5 mmfw =  
 
For the beam: 

 

( )( ) ( )( )

( ) ( )

3
2

6 6

260 15
2 260 15 159.9

12

              2 67.4 10 334.4 10  mm

I
 

= + × 
  

+ × = 4

 

 ( ) ( )3 3159.9 260 15 623.6 10  mmJ CQ y A= = × =  

 
( )( )

( )( ) ( )
6

3 2
6

62,500 623.6 10
723.9 10  N/m

334.4 10 2 0.0805Jτ
−

−

×
= =

× ×
 

 ( )( ) ( )3 3723.9 10 2 0.0805 116.55 10  NJ J JF A s sτ= = × × =  

 ( ) ( ) ( )26 32 150 10 0.020 4 94.248 10  NB B BF Aτ π = = × =   

Since  B JF F=

 
94.248 0.809 m 809 mm
116.55

s = = = ...................................................................................... Ans. 
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7-89*  
 125 2 62.5 kip 62.5 kipA BR R= = = = ↑  constant 62.5 kipV = =  

From Table B-1 for a :  W 21 101 section× 42420 in.I =

  2 21.36 in.d c= = 12.290 in.fw =  

For the beam: 

 
( )( ) ( )( )

3
2 416 0.75

2420 2 16 0.75 11.055 5354 in.
12

I
 

= + + × = 
  

 

  ( ) 311.055 16 0.75 132.66 inJ CQ y A= = × =

 
( )( )
( )( )
62,500 132.66

126.01 psi
5354 12.290J

VQ
It

τ = = =  

 ( )( ) ( )126.01 12.290 1548.6  lbJ J JF A s sτ= = =  

 ( ) ( )22 17,500 0.75 4 15, 463 lbB B BF Aτ π = = =   

Since  B JF F=
15,463 9.985 in. 10.00 in.
1548.6

s = = ≅ ...................................Ans. 
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7-90  
 96 2 48 kNA BR R= = = ↑  constant 48 kNV = =  

From Table B-6 for a C : 381 74 channel× ( )6 44.58 10  mmI =  

   29485 mmA = 20.3 mmCx = 18.2 mmwt =  

From Table B-2 for a : W 356 122 section× ( )6 4367 10  mmI =  

   215,550 mmA = 2 363 mmd c= = 257 mmfw =  
For the beam: 

 
( )( ) ( )( )

( ) ( )
360.9 9485 181.5 15,550

249.5 mm
9485 15,550

xMd
A

+
= = =

+
 

 ( ) ( ) ( ) ( ) ( )2 26 6367 10 15,550 68 4.58 10 9485 111.4 561.2 10  mmI    = + + + =   
6 4  

  ( ) ( )3 3111.4 9485 1056.6 10  mmJQ = =

(a) 
( )( )
( )( ) ( )

6
3 2

6

48,000 1056.6 10
351.6 10  N/m

561.2 10 0.257J
VQ
It

τ
−

−

×
= = =

×
 

 ( )( )32 351.64 10 0.257 0.500 2 22,593 NB J SF Aτ= = × × =  

 ................................................................................................................... Ans. 22.6 kNBF =

(b) ( )6 2
2

22,593 60 10  N/m
4

B

B

F
A d

τ
π

= = =  0.02190 md =  

 ...................................................................................................................... Ans. min 21.9 mmd =
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7-91  

 
( )( ) ( )( )3 3

48 12 4 8
981.33 in.

12 12
I = − =  

4 in. 4 in.y− ≤ ≤ + :  4 in.t =

 ( ) ( ) ( )( ) ( )2 34
5 8 2 2 2 4 112 2  in.

2C

y
Q y A y y

+ 
= = × + − = − 

 
 

 

( )( )
( )( )

( )

2

2

7500 116 2
981.33 4

3.8213 56  psi

yVQ
It

y

τ
−

= =

= −

 

6 in. 4 in.y− ≤ ≤ −  and : 4 in. 6 in.y≤ ≤

  8 in.t =

 

( ) ( )( )

( )2 3

6
8 6

2

144 4  in.

C

y
Q y A y

y

+ 
= = − 

 

= −

 

 
( )( )

( )( ) ( )
2

2
7500 144 4

3.8213 36  psi
981.33 8

yVQ y
It

τ
−

= = = −  
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0 :BMΣ =   ( )( )3 2 3 4 0AR× − =

  4.5 kNAR =

0 :yF↑Σ =   ( )4.5 3 .5 0rV− × − =

  3.0 kNrV =

 
( ) ( )( ) ( ) ( )( )

( )( ) ( )( )
100 200 25 212.5 100 25

137.5 mm
200 25 100 25

xMd
A

+      = = =
+

 

 

( )( ) ( )( ) ( )( )

( )

3 3

6 4

25 137.5 100 87.5 75 62.5
3 3

37.89 10  mm

I = + −

=

3

3  

137.5 mm 62.5 mmy− ≤ ≤ + : 25 mmt =  

 ( )( ) ( )2 2137.5 25 137.5 12.5 137.5  mm
2C

yQ y A y y+
= = − = − 3  

 

( ) ( )( )( )
( )( )

( )

2 2 9

6

2 2 2

3000 12.5 137.5 10

37.89 10 0.025

39.59 137.5  N/m

yVQ
It

y

τ
−

−

 − = =
×

= −

 

 
62.5 mm 87.5 mmy+ ≤ ≤ + : 100 mmt =  

 
( )(

( )2 2 3

87.5 100 87.5
2

50 87.5  mm

C
yQ y A y

y

+
= = −

= −

)
 

 

( ) ( )( )( )
( )( )
( )

2 2 9

6

2 2 2

3000 50 87.5 10

37.89 10 0.100

39.59 87.5  N/m

y

y

τ
−

−

 − =
×

= −

 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

7-93  

 
( ) ( )( ) ( ) ( )( ) ( ) ( )( )

( )( ) ( )( ) ( )( )
1 6 2 2 4 1 2 4 1

1.400 in.
6 2 4 1 4 1

xMd
A

+ +          = = =
+ +

 

 
( )( ) ( )( ) ( )( ) ( )( )3 3 3 3

48 1.4 6 0.6 1 2.6 1 2.6
19.467 in.

3 3 3 3
I = + + + =  

By symmetry, each support carries half the total load 

 ( )360 18 2 3240 lbA BR R= = × = ↑  

0 :yF↑Σ =   ( )3240 360 2 0rV− × − =

  2520 lbrV =

1.4 in. 0.6 in.y− ≤ ≤ + :  8 in.t =

 

( ) ( )( )

( )2 2 3

1.4
8 1.4

2

4 1.4  in.

C

y
Q y A y

y

+ 
= = − 

 

= −

 

 

( ) ( )( )
( )( )

( )

2 2

2 2

2520 4 1.4

19.467 8

64.725 1.4  psi

yVQ
It

y

τ
 − = =

= −

 

0.6 in. 2.6 in.y+ ≤ ≤ +   2 in.t =

 

( ) ( )( )

( )2 2 3

2.6
2 1 2.6

2

2.6  in.

C

y
Q y A y

y

+ 
= = − 

 

= −

 

 

( )( )
( )( )

( )

2 2

2 2

2520 2.6
19.467 2

64.725 2.6  psi

yVQ
It

y

τ
−

= =

= −
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0 :BMΣ =  ( )( )2 20 1.4CR − =  0

  14.0 kNCR =

0 :yF↑Σ =   ( )14 0AV + =

  14 kN 14 kNAV = − = ↓

0 :cutMΣ =   ( )( )14 0.6 0AM− + =

  8.40 kN mAM = + ⋅

 
( )( ) ( )( ) ( )

3 3
6 480 120 75 100

5.270 10  mm
12 12

I = − =  

 
( )( )
( ) ( )6 2

6

8400 0.050
79.70 10  N/m 79.70 MPa (T)

5.270 10
r

A
M y
I

σ
−

− −−
= = = + =

×
 

 ( ) ( )3 355 80 10 44.0 10  mmA CQ y A= = × =  

 
( )( )
( )( ) ( )

6
6 2

6

14,000 44.0 10
23.38 10  N/m 23.38 MPa

5.270 10 0.005A
VQ
It

τ
−

−

×
= = = =

×
 

 ( )

2
2

1, 2

2
2

2 2

79.70 0 79.70 0 23.38
2 2

39.85 46.20 MPa

x y x y
p p xy

σ σ σ σ
σ τ

+ − 
= ± + 

 

+ − = ± + 
 

= ±

 

 1 39.85 46.20 86.05 MPa 86.1 MPa (T)pσ = + = ≅ ....................................................... Ans. 

 2 39.85 46.20 6.350 MPa 6.35 MPa (C)pσ = − = − ≅ .................................................. Ans. 

 3 0 MPapσ = ........................................................................................................................... Ans. 

Since 1pσ  and 2pσ  have opposite signs: 

 ( )max 1 2 2 46.2 MPap p pτ τ σ σ= = − = ............................................................................ Ans. 

 
( )

( ) ( )
1 12 2 23.381 1tan tan 15.20 , 74.80

2 2 79.70 0
xy

p
x y

τ
θ

σ σ
− −= = = + ° −

− −
° ........................ Ans. 
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7-95*  
0 :yF↑Σ =   50 0AV − = 50 kip 50 kipAV = + = + ↑  

0 :cutMΣ =   ( )( )50 40 0AM− − = 2000 kip in.AM = − ⋅  

 
( )( ) ( )( )3 3

410 15 9.5 13
1073.2 in.

12 12
I = − =  

 
( )( )
( )
2000 6.5

12.113 ksi 12.113 ksi (T)
1073.2

r
A

M y
I

σ
−−

= = = + =  

  ( ) 37 10 1 70.0 inA CQ y A= = × =

 
( )( )
( )( )

50.0 70.0
6.523 ksi

1073.2 0.5
VQ
It

τ = = =  

 

( )

2
2

1, 2

2
2

2 2

12.113 0 12.113 0 6.523 6.057 8.901 ksi
2 2

x y x y
p p xy

σ σ σ σ
σ τ

+ − 
= ± + 

 

+ − = ± + − = ± 
 

 

 1 6.057 8.901 14.958 ksi 14.96 ksi (T)pσ = + = ≅ ......................................................... Ans. 

 2 6.057 8.901 2.844 ksi 2.84 ksi (C)pσ = − = − ≅ .......................................................... Ans. 

 3 0 ksipσ = .............................................................................................................................. Ans. 

Since 1pσ  and 2pσ  have opposite signs: 

 ( )max 1 2 2 8.90 ksip p pτ τ σ σ= = − = ................................................................................ Ans. 

 
( )

( ) ( )
1 12 2 6.5231 1tan tan 23.56 , 66.44

2 2 12.113 0
xy

p
x y

τ
θ

σ σ
− − −

= = = − ° +
− −

° ...................... Ans. 
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7-96  
 0.5B CR R P= =  

On a section through A:  ( )0.5  NAV P= ↓

  ( )0.5  N mAM P= ⋅

 
( )( ) ( )( ) ( )

3 3
6 4250 350 235 300

364.5 10  mm
12 12

I = − =  

 
( )( )
( ) ( ) 2

6

0.5 0.150
205.8  N/m

364.5 10
r

A

PM y P
I

σ
−

− −−
= = =

×
 

 ( ) ( )3 3162.5 250 25 1015.6 10  mmA CQ y A= = × =  

 
( )( )
( )( )

( )
6

2
6

0.5 1015.6 10
92.88  N/m

364.5 10 0.015A

PVQ P
It

τ
−

−

×
= = =

×
 

 ( )
2

2
max 1

205.8 0 205.8 0 92.88
2 2p
P P Pσ σ + − = = + + 

 
 

   ( )6 2241.52 120 10  N/mP= ≤ ( )3497 10  NP ≤

 ( ) ( )
2

2 6 2
max

205.8 0 92.88 138.62 75 10  N/m
2p
P P Pτ τ − = = + = ≤ 

 
 

 ( )3541 10  NP ≤  

Therefore .......................................................................................................... Ans. max 497 kNP =
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7-97  
0 :CMΣ =   3 8 BP R− = 0 0.375  lbBR P=  

0 :yF↑Σ =   0.375 0AP V− = 0.375  lbAV P=  

0 :cutMΣ =   ( )( )0.375 2 0AM P− = 0.75  lb ftAM P= ⋅  

 
( )( ) ( )( )3 3

46 8 4 6
184.0 in.

12 12
I = − =  

 
( )( )

( )
0.75 12 2

0.09783 psi
184.0

r
A

PM y
I

σ
− × +−

= = = −  

 ( ) ( ) 33.5 6 1 2 2.5 1 1 26.0 inA CQ y A= = × + × =    

 
( )( )
( )( )

0.375 26.0
0.02649  psi

184.0 2
PVQ P

It
τ = = =  

 ( )

2
2

1, 2

2
2

2 2

0.09783 0 0.09783 0 0.02649
2 2

0.04892 0.05563  psi

x y x y
p p xy

P

P P

σ σ σ σ
σ τ

+ − 
= ± + 

 

− + − − = ± + 
 

= − ±

 

 1 0.04892 0.05563  psi 0.00671  psi (T)p P P Pσ = − + = +  

 2 0.04892 0.05563  psi 0.10455  psi 400 psip P P Pσ = − − = − ≤ −  

from which: 3826 lbP ≤  

Since 1pσ  and 2pσ  have opposite signs: 

 ( )max 1 2 2 0.05563  psi 200 psip p p Pτ τ σ σ= = − = ≤  

from which: 3595 lbP ≤  

Therefore ......................................................................................... Ans. max 3595 lb 3.60 kipP = ≅
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7-98*  
From Table B-2 for a : W 610 155 section×

  ( )6 41290 10  mmI = 2 611 mmd c= =  12.7 mmwt =  

  ( )3 34230 10  mmS = 324 mmfw =  19.1 mmft =  

 
0 :yF↑Σ =   ( )160 3 0AR − × =

  480 kN 480 kNAR = + = ↑

0 :AMΣ =   ( )( )160 3 1.5 0AM − × =

  720 kN m 720 kN m AM = + ⋅ = ⋅
From the shear-force and bending-moment diagrams: 

  max 480 kNV = max 720 kN mM = ⋅  

At the top of the beam (at the support): 

 
( )
( ) ( )

3
6 2

max 6

720 10
170.21 10  N/m 170.21 MPa (T)

4230 10
M
S

σ
−

×
= = = =

×
 

 max max 2 170.21 2 85.11 MPaτ σ= = =  

At the junction of the flange and the web (at the support): 

 ( ) ( )3 3296 324 19.1 1832 10  mmJ CQ y A= = × =  

 
( )( )

( ) ( )
3

6 2
6

720 10 0.2864
159.85 10  N/m 159.85 MPa (T)

1290 10
My
I

σ
−

×
= = = =

×
 

 
( )( )
( )( ) ( )

6
6 2

6

480,000 1832 10
53.67 10  N/m 53.67 MPa

1290 10 0.0127
VQ
It

τ
−

−

×
= = = =

×
 

 ( )
2

2
max 1

159.85 0 159.85 0 53.67 79.93 96.27 176.2 MPa (T)
2 2pσ σ + − = = ± + = + = 

 
 

 max 96.27 MPapτ τ= =  

At the neutral axis (at the support): 

 ( ) ( ) ( )3 3296 324 19.1 143.2 286.4 12.7 2353 10  mmNAQ = × + × =  

 
( )( )
( )( ) ( )

6
6 2

max max 6

480,000 2353 10
68.94 10  N/m 68.94 MPa

1290 10 0.0127
σ τ

−

−

×
= = = =

×
 

Therefore, the maximum stresses occur at the junction of the flange and the web (at the support): 

 max 176.2 MPa (T)σ = .......................................................................................................... Ans. 

 max 96.3 MPaτ = ..................................................................................................................... Ans. 
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7-99*  
From Table B-1 for a : W18 60 section×
  4984 in.I = 2 18.24 in.d c= =  0.415 in.wt =  

  3108 in.S = 7.555 in.fw =  0.695 in.ft =  
From symmetry: 

 36 2 16 kip 16 kipA BR R= = = = ↑  

From the shear-force and bending-moment diagrams: 

  max 18 kipV = max 180 kip ftM = ⋅  

At the bottom of the beam (at midspan): 

 
( )
( )max

180 12
20.0 ksi 20.0 ksi (T)

108
M
S

σ
×

= = = + =  

 max max 2 20.0 2 10.00 ksiτ σ= = =  

At the junction of the flange and the web (at midspan): 

  ( ) 38.773 7.555 0.695 46.06 in.J CQ y A= = × =

 
( )( )

( )
180 12 8.425

18.494 ksi
984

My
I

σ
− × −−

= = = +  

 
( )( )
( )( )

18 46.06
2.030 ksi

984 0.415
VQ
It

τ = = =  

 ( )
2

2
max 1

18.494 0 18.494 0 2.030
2 2

9.247 9.467 18.71 ksi

pσ σ + − = = ± + 
 

= + =

 

 max 9.467 ksipτ τ= =  

At the neutral axis (at midspan): 

 ( ) ( ) 38.773 7.555 0.695 4.213 8.425 0.415 60.79 in.NAQ = × + × =  

 
( )( )
( )( )max max

18 60.79
2.680 ksi

984 0.415
σ τ= = =  

Therefore, the maximum stresses occur at the top and bottom surfaces (at midspan): 

 max 20.0 ksi (T, bottom; C, top)σ = ................................................................................. Ans. 

 max 10.00 ksiτ = ...................................................................................................................... Ans. 
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7-100  
0 :yF↑Σ =   0AR P− =

  ( ) ( ) N  NAR P P= + = ↑

0 :AMΣ =   3 0AM P− =

  ( ) ( )3  N m 3  N m AM P P= + ⋅ = ⋅

From the shear-force and bending-moment diagrams: 

   ( )max  NV P= ( )max 3  N mM P= ⋅

From Table B-2 for a : W 305 97 section× 2 308 mmd c= =  

  ( )6 4222 10  mmI = 9.9 mmwt =  

  ( )3 31440 10  mmS = 305 mmfw =  15.4 mmft =  

At the top of the beam (at the support): 

 
( )

( ) ( ) 2
max 6

3
2083  N/m

1440 10
PM P

S
σ

−
= = =

×
 ( ) 2max

max
2083 1042  N/m

2 2
P Pστ = = =  

At the junction of the flange and the web (at the support): 

 ( ) ( )3 3146.3 305 15.4 687.1 10  mmJ CQ y A= = × =  

 
( )( )
( ) ( ) 2

6

3 0.1386
1873  N/m

222 10
PMy P

I
σ

−
= = =

×
 

 
( )( )

( )( )
( )

6
2

6

687.1 10
312.6  N/m

222 10 0.0099

PVQ P
It

τ
−

−

×
= = =

×
 

 ( ) ( )
2

2 2
max 1

1873 0 1873 0 312.6 1924  N/m
2 2p
P P P Pσ σ + − = = ± + = 

 
 

 ( ) ( )
2

2 2
max

1873 0 312.6 987  N/m
2p
P P Pτ τ − = = + = 

 
 

At the neutral axis (at the support): 

 ( ) ( ) ( )3 3146.3 305 15.4 69.3 138.6 9.9 782.3 10  mmNAQ = × + × =  

 
( )( )

( )( )
( )

6
2

max max 6

782.3 10
356  N/m

222 10 0.0099

P
Pσ τ

−

−

×
= = =

×
 

Therefore, at the top (at the support): 

  ( ) ( )2 6
max 2083  N/m 125 10  N/mPσ = ≤ 2 ( )360.0 10 60.0 kNP ≤ =  

  ( )2 6
max 1042  N/m 75 10  N/mPτ = ≤ 2 ( )372.0 10 72.0 kNP ≤ =  

 ....................................................................................................................... Ans. max 60.0 kNP =
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7-101  
From symmetry:  

 ( )2 0.5  kipA BR R P P= = = ↑  

From the shear-force and bending-moment diagrams: 

  ( )max 0.5  kipV P=

  ( ) ( )max 4.5  kip ft 54  kip in.M P P= ⋅ = ⋅

 
From Table B-1 for a : W 24 62 section×
   41550 in.I = 3131 in.S =
  2 23.74 in.d c= = 0.430 in.wt =  

  7.040 in.fw = 0.590 in.ft =  
At the bottom of the beam (at midspan): 

 
( )
( ) ( )max

54
0.4122  ksi

131
PM P

S
σ = = =  ( )max

max
0.4122 0.2061  ksi

2 2
P Pστ = = =  

At the junction of the bottom flange and the web (at midspan): 

  ( ) 311.575 7.040 0.590 48.08 in.J CQ y A= = × =

 
( )( )

( ) ( )54 11.28
0.3930  ksi

1550
PMy P

I
σ

− −−
= = =  

 
( )( )
( )( ) ( )0.5 48.08

0.03607  ksi
1550 0.430

PVQ P
It

τ = = =  

 ( ) ( )
2

2
max 1

0.3930 0 0.3930 0 0.03607 0.3963  ksi
2 2p

P P P Pσ σ + − = = ± + = 
 

 

 ( ) ( )
2

2
max

0.3930 0 0.03607 0.1998  ksi
2p

P P Pτ τ − = = + = 
 

 

At the neutral axis (at midspan): 

 ( ) ( ) 311.575 7.040 0.590 5.64 11.28 0.430 75.43 in.NAQ = × + × =  

 
( )( )
( )( ) ( )max max

0.5 75.43
0.05659  ksi

1550 0.430
P

Pσ τ= = =  

Therefore: 
  ( )max 0.4122  ksi 18 ksiPσ = ≤ 43.7 kipP ≤  

  ( )max 0.2061  ksi 10 ksiPτ = ≤ 48.5 kipP ≤  

 ....................................................................................................................... Ans. max 43.7 kipP =
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7-102*  
(a) 700 2 350 kNA BR R= = = ↑  

  max 350 kNV = ( )max 350 1.5 525 kN mM = × = ⋅  

From Table B-2 for a : W 356 179 section× 2 368 mmd c= =  

  ( )6 4574 10  mmI = ( )3 33115 10  mmS =  

  15.0 mmwt = 373 mmfw =  23.9 mmft =  
At the bottom of the beam (at midspan): 

 
( )
( ) ( )

3
6 2

max 6

525 10
168.54 10  N/m 168.54 MPa (T)

3115 10
M
S

σ
−

×
= = = =

×
 

 max max 2 168.54 2 84.27 MPaτ σ= = =  

At the junction of the bottom flange and the web (at midspan): 

 ( ) ( )3 3172.05 373 23.9 1533.8 10  mmJ CQ y A= = × =  

 
( )( )

( ) ( )
3

6 2
6

525 10 0.1601
146.43 10  N/m 146.43 MPa (T)

574 10
My
I

σ
−

− × −−
= = = =

×
 

 
( )( )
( )( ) ( )

6
6 2

6

350,000 1533.8 10
62.35 10  N/m 62.35 MPa

574 10 0.0150
VQ
It

τ
−

−

×
= = = =

×
 

 ( )
2

2
max 1

146.43 0 146.43 0 62.34 169.38 MPa (T)
2 2pσ σ + − = = ± + = 

 
 

 ( )
2

2
max

146.43 0 62.34 96.17 MPa
2pτ τ − = = + = 

 
 

At the neutral axis (at midspan): 

 ( ) ( ) ( )3 3172.05 373 23.9 80.05 160.1 15 1726.0 10  mmNAQ = × + × =  

 
( )( )
( )( ) ( )

6
6 2

max max 6

350,000 1726.0 10
70.16 10  N/m 70.16 MPa

574 10 0.0150
σ τ

−

−

×
= = = =

×
 

Therefore, the maximum stresses occur at the junction of the flange and the web (at midspan): 

 max 169.4 MPa (T & C)σ = ................................................................................................. Ans. 

 max 96.2 MPaτ = .................................................................................................................... Ans. 
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7-102 (cont.) 
 

(b) 350 2 175 kNA BR R= = = ↑  

  max 175 kNV = ( )max 175 3 525 kN mM = × = ⋅  

At the bottom of the beam (at midspan): 

 
( )
( ) ( )

3
6 2

max 6

525 10
168.54 10  N/m 168.54 MPa (T)

3115 10
M
S

σ
−

×
= = = =

×
 

 max max 2 168.54 2 84.27 MPaτ σ= = =  

At the junction of the bottom flange and the web (at midspan): 

 
( )( )

( ) ( )
3

6 2
6

525 10 0.1601
146.43 10  N/m 146.43 MPa (T)

574 10
σ

−

− × −
= = =

×
 

 
( )( )
( )( ) ( )

6
6 2

6

175,000 1533.8 10
31.17 10  N/m 31.17 MPa

574 10 0.0150
τ

−

−

×
= = =

×
 

 ( )
2

2
max 1

146.43 0 146.43 0 31.17 152.8 MPa (T)
2 2pσ σ + − = = ± + = 

 
 

 ( )
2

2
max

146.43 0 31.17 79.57 MPa
2pτ τ − = = + = 

 
 

At the neutral axis (at midspan): 

 
( )( )
( )( ) ( )

6
6 2

max max 6

175,000 1726.0 10
35.08 10  N/m 35.08 MPa

574 10 0.0150
σ τ

−

−

×
= = = =

×
 

Therefore, the maximum stresses occur at the top and bottom surfaces at midspan: 

 max 168.5 MPa (T, bottom; C, top)σ = ............................................................................ Ans. 

 max 84.3 MPaτ = ..................................................................................................................... Ans. 
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7-103  
(a) 160 2 80 kipA BR R= = = ↑  

  max 80 kipV = ( )max 80 4 320 kip ftM = × = ⋅  

From Table B-1 for a :  W14 120 section×
   41380 in.I = 3190 in.S =
  2 14.48 in.d c= = 0.940 in.ft =  

  0.590 in.wt = 14.67 in.fw =  
At the bottom of the beam (at midspan): 

 
( )
( )max

320 12
20.21 ksi (T)

190
M
S

σ
×

= = =  max
max

20.21 10.11 ksi
2 2

στ = = =  

At the junction of the bottom flange and the web (at midspan): 

  ( ) 36.77 14.67 0.940 93.36 in.J CQ y A= = × =

 
( )( )

( )
320 112 6.30

17.53 ksi (T)
1380

My
I

σ
− × −−

= = =  

 
( )( )
( )( )

80 93.36
9.173 ksi

1380 0.590
VQ
It

τ = = =  

 ( )
2

2
max 1

17.530 0 17.530 0 9.173 21.45 ksi (T)
2 2pσ σ + − = = ± + = 

 
 

 ( )
2

2
max

17.530 0 9.173 12.687 ksi
2pτ τ − = = + = 

 
 

At the neutral axis (at midspan): 

 ( ) ( ) 36.77 14.67 0.940 3.15 6.30 0.590 105.07 in.NAQ = × + × =  

 
( )( )
( )( )max max

80 105.07
10.324 ksi

1380 0.590
σ τ= = =  

Therefore, the maximum stresses occur at the junction of the flange and the web (at midspan): 

 max 21.5 ksi (T & C)σ = ...................................................................................................... Ans. 

 max 12.69 ksiτ = ...................................................................................................................... Ans. 
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7-103 (cont.) 
(b) 80 2 40 kipA AR R= = = ↑  

  max 40 kipV =

  ( )max 40 8 320 kip ftM = × = ⋅

At the bottom of the beam (at midspan): 

 
( )
( )max

320 12
20.21 ksi (T)

190
M
S

σ
×

= = =  max
max

20.21 10.11 ksi
2 2

στ = = =  

At the junction of the bottom flange and the web (at midspan): 

 
( )( )

( )
320 12 6.30

17.53 ksi (T)
1380

σ
− × −

= =  
( )( )
( )( )

40 93.36
4.587 ksi

1380 0.590
τ = =  

 ( )
2

2
max 1

17.530 0 17.530 0 4.587 18.66 ksi (T)
2 2pσ σ + − = = ± + = 

 
 

 ( )
2

2
max

17.530 0 4.587 9.893 ksi
2pτ τ − = = + = 

 
 

At the neutral axis (at midspan): 

 
( )( )
( )( )max max

40 105.07
5.162 ksi

1380 0.590
σ τ= = =  

Therefore, the maximum stresses occur at the top and bottom surfaces at midspan: 

 max 20.2 ksi (T & C)σ = ...................................................................................................... Ans. 

 max 10.11 ksiτ = ...................................................................................................................... Ans. 
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7-104*  

 
( )( ) ( )( ) ( )( ) ( )

3 3 3
6 490 90 60 30 30 150

55.08 10  mm
3 3 3Z zI I= = − + =  

 
( )( ) ( )( ) ( )

3 3
6 460 90 180 30

4.05 10  mm
12 12Y yI I= = + =  

  20sin10 3.473 kN mryM = − ° = − ⋅

  20cos10 19.696 kN mrzM = − ° = − ⋅

(a) 
( )( )
( )( )

3.473 55.08
tan 2.398

19.696 4.05
rY Z

rZ Y

M I
M I

β
−

= = = +
−

 

 67.36 67.36  β = + ° = ° .........................................Ans. 

(b) At point A (  and ): 150 mmy = − 15 mmz = +

 
( )( )
( )

( )( )
( )6 6

19,696 0.150 3473 0.015
55.08 10 4.05 10

rZ A rY A
A

Z Y

M Y M Z
I I

σ
− −

− − − − +−
= + = +

× ×
 

 ................................................................. Ans. ( )6 266.5 10  N/m 66.5 MPa (C)Aσ = − =

 At point B ( y  and ): 90 mm= + 45 mmz = −

 
( )( )
( )

( )( )
( )6 6

19,696 0.090 3473 0.045
55.08 10 4.05 10

rZ B rY B
B

Z Y

M Y M Z
I I

σ
− −

− − + − −−
= + = +

× ×
 

 ................................................................. Ans. ( )6 270.8 10  N/m 70.8 MPa (T)Bσ = + =
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( )( ) ( )( )3 3

44 6 3 4
56.0 in

12 12Z zI I= = − =  

 
( )( ) ( )( )3 3

42 4 4 1
11.0 in.

12 12Y yI I= = + =  

  10sin 36.87 6.00 kip in.ryM = ° = ⋅

  10cos36.87 8.00 kip in.rzM = − ° = − ⋅

(a) 
( )( )
( )( )

6.00 56.0
tan 3.818

8.00 11.0
rY Z

rZ Y

M I
M I

β = = = −
−

 

 75.32 75.32  β = − ° = ° .............................................................................................. Ans. 

(b) At point A (  and ): 3 in.y = + 2 in.z = +

 
( )( )
( )

( )( )
( )

8.00 3 6.00 2
56.0 11.0

rZ A rY A
A

Z Y

M Y M Z
I I

σ
− − +−

= + = +  

 1.519 ksi 1.519 ksi (T)Aσ = + = ................................................................................ Ans. 

 At point B ( y  and ): 3 in.= − 2 in.z = −

 
( )( )
( )

( )( )
( )

8.00 3 6.00 2
56.0 11.0

rZ B rY B
B

Z Y

M Y M Z
I I

σ
− − − −−

= + = +  

 1.519 ksi 1.519 ksi (C)Bσ = − = ................................................................................ Ans. 
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(a) At point A (  and ): 90 mmy = − 85 mmz = +

 
( )( ) ( )( )
( )( ) ( )

( )
9

22 1

4.02 90 6.05 85 10 8000
104.02 16.64 6.05

y yz
A rz

y z yz

I y I z
M

I I I
σ

−

−

  − − − −  
= − = − −    − − −        

2  

 ...............................Ans. ( )6 240.3 10  N/m 40.3 MPa (T)Aσ = + =

 

(b) 
( )
( )

6.05
tan 1.5050

4.02
yz

y

I
I

β
−

= = = −  

 56.40 56.40  β = − ° = ° ...........................................................Ans. 

 
(c) At point B (  and ): 90 mmy = − 5 mmz = −

 
( )( ) ( )( )
( )( ) ( )

( )
9

22 1

4.02 90 6.05 5 10 8000
104.02 16.64 6.05

y yz
B rz

y z yz

I y I z
M

I I I
σ

−

−

  − − − − −  
= − = − −    − − −        

2  

 ............................................................. Ans. ( )6 2103.5 10  N/m 103.5 MPa (C)Bσ = − =

 At point D ( y  and ): 90 mm= + 5 mmz = +

 
( )( ) ( )( )
( )( ) ( )

( )
9

22 1

4.02 90 6.05 5 10 8000
104.02 16.64 6.05

y yz
D rz

y z yz

I y I z
M

I I I
σ

−

−

  − + − − +  
= − = − −    − − −        

2  

 ............................................................. Ans. ( )6 2103.5 10  N/m 103.5 MPa (T)Dσ = + =
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(a) At point A (  and 5.63 in.y = + + 2.37 in.z = + ): 

 
( )( ) ( )( )

( )( ) ( )
( )

2

2

89.0 5.63 52.5 2.37
7.50 12

89.0 89.0 52.5

y yz
A rz

y z yz

I y I z
M

I I I
σ

 −
= −  

−  
 + − +

= − − × 
−  

 

 6.56 ksi 6.56 ksi (T)Aσ = + = ................................... Ans. 

(b) 
( )
( )
52.5

tan 0.5899
89.0

yz

y

I
I

β = = = +  

 30.54 30.54  β = + ° = ° .............................................................................................. Ans. 

(c) At point B (  and ): 2.37 in.y = − 2.37 in.z = +

 
( )( ) ( )( )

( )( ) ( )
( )22

89.0 2.37 52.5 2.37
7.50 12

89.0 89.0 52.5
y yz

B rz
y z yz

I y I z
M

I I I
σ

  − − − +
= − = − − ×  

− −      
 

 5.84 ksi 5.84 ksi (C)Bσ = − = .................................................................................... Ans. 

 At point D ( y  and ): 5.63 in.= + 1.37 in.z = +

 
( )( ) ( )( )

( )( ) ( )
( )22

89.0 5.63 52.5 1.37
7.50 12

89.0 89.0 52.5
y yz

D rz
y z yz

I y I z
M

I I I
σ

  − + − +
= − = − − ×  

− −      
 

 7.48 ksi 7.48 ksi (T)Dσ = + = .................................................................................... Ans. 
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( )( ) ( )

3
6 4180 90

3.645 10  mm
36yI = =  

( )( ) ( )
3

6 490 180
14.580 10  mm

36zI = =  

 
( ) ( ) ( )

2 2
6 4180 90

3.645 10  mm
72yzI

−
= = −  

(a) At point A (  and ): 60 mmy = + 60 mmz = −

 
( )( ) ( )( )
( )( ) ( )

( )

2

9

2 12

3.645 60 3.645 60 10 2000
103.645 14.580 3.645

y yz
A rz

y z yz

I y I z
M

I I I
σ

−

−

 −
= −  

−  
 + − − −  

= − −   
− −    

 

 ........................................................Ans. 20 N/m 0 MPaAσ = =

(b) 
( )
( )

3.645
tan 1.000

3.645
yz

y

I
I

β
−

= = = −  

 45.00 45.00  β = − ° = ° .............................................................................................. Ans. 

(c) At point B (  and ): 120 mmy = − 30 mmz = +

 
( )( ) ( )( )
( )( ) ( )

( )
9

22 12

3.645 120 3.645 30 10 2000
103.645 14.580 3.645

y yz
B rz

y z yz

I y I z
M

I I I
σ

−

−

  − − − − +  
= − = − −    − − −        

 

 ............................................................. Ans. ( )6 216.46 10  N/m 16.46 MPa (C)Bσ = − =

 At point D ( y  and ): 60 mm= + 30 mmz = +

 
( )( ) ( )( )
( )( ) ( )

( )
9

22 12

3.645 60 3.645 30 10 2000
103.645 14.580 3.645

y yz
D rz

y z yz

I y I z
M

I I I
σ

−

−

  − + − − +  
= − = − −    − − −        

 

 ............................................................. Ans. ( )6 216.46 10  N/m 16.46 MPa (T)Dσ = + =
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( )( ) ( )( ) ( )( )3 3 3

46 1.5 4 0.5 2 2.5
17.33 in.

3 3 3yI = + + =  

 
( )( ) ( )( ) ( )( )3 3 3

42 3.5 4 2.5 2 0.5
49.33 in.

3 3 3zI = + − =  

 ( )( )( ) ( )( )( ) 42 4 1.5 0.5 2 4 1.5 0.5 12.00 in.yzI = × + × − − =  

 
(a) At point A (  and ): 3.50 in.y = + 1.50 in.z = +

 
( )( ) ( )( )

( )( ) ( )
( )22

17.33 3.50 12.00 1.50
50

17.33 49.33 12.00
y yz

A rz
y z yz

I y I z
M

I I I
σ

  − + − +
= − = − −  

− −      
 

 3.00 ksi 3.00 ksi (T)Aσ = + = ..................................................................................... Ans. 

(b) 
( )
( )
12.00

tan 0.6924
17.33

yz

y

I
I

β = = = +  

 34.70 34.70  β = + ° = ° ..................................................................................................... Ans. 

(c) At point B (  and ): 3.50 in.y = + 0.50 in.z = −

 
( )( ) ( )( )

( )( ) ( )
( )22

17.33 3.50 12.00 0.50
50

17.33 49.33 12.00
y yz

B rz
y z yz

I y I z
M

I I I
σ

  − + − −
= − = − −  

− −      
 

 4.69 ksi 4.69 ksi (T)Bσ = + = .................................................................................... Ans. 

 At point D ( y  and ): 2.50 in.= − 1.50 in.z = +

 
( )( ) ( )( )

( )( ) ( )
( )22

17.33 2.50 12.00 1.50
50

17.33 49.33 12.00
y yz

D rz
y z yz

I y I z
M

I I I
σ

  − − − +
= − = − −  

− −      
 

 4.31 ksi 4.31 ksi (C)Dσ = − = ..................................................................................... Ans. 
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( )( ) ( )

3
6 450 300

112.50 10  mm
12ZI = =  

( )( ) ( )
3

6 4300 50
3.125 10  mm

12YI = =  

For symmetric bending: 
( )

( ) ( ) 2
6

0.150
1333.3  N/m

112.50 10
r MM y M

I
σ

−

− −−
= = =

×
 

For non-symmetric bending: 

 
( )( )
( )

( )( )
( ) ( ) 2

6 6

cos3 0.150 sin 3 0.025
1750.2  N/m

112.50 10 3.125 10
rZ rY

Z Y

M MM Y M Z M
I I

σ
− −

− ° − ° +−
= + = + =

× ×
 

 ( )1750.2 1333.3 100 31.3%
1333.3

σ −
∆ = = .............................................................................. Ans. 
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 rZ rY

Z Y

M Y M Z
I I

σ −
= +  

3

12Y
hbI =  

3

12Z
bhI =  

 sinrYM M α=  cosrZM M α= −  

 
( )( )

( )
( )( )

( ) ( )max 2 23 3

cos 2 sin 2 6 cos sin
12 12

M h M b M b h
b hbh hb

α α
σ α α

− −
= + = +  

 ( )max
2 2

6 sin cos 0d M b h
d b h
σ α α
α

= − + =  

 sin cosb hα α=  

 1 1 12tan tan 63.43
6

h
b

α − −= = = ° .................................................................................. Ans. 

For 2000 psiσ = : 

 
( )

( ) ( ) ( )
( )

2 22 2 6 12 2000
6 cos sin 6 6cos 63.43 12sin 63.43

b hM
b h

σ
α α

= =
+ °+ °

 

 .................................................................... Ans. ( )3128.8 10  lb in. 128.8 kip in.M = ⋅ = ⋅
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 ( )( ) ( )( ) ( )( ) 2140 20 120 20 80 20 6800 mmA = + + =  

 

( )( ) ( )( ) ( )( )

( )( ) ( ) ( )

3 3 3

3
2 6 4

20 140 120 20 20 70
12 12 3
20 10

        6800 7.06 6.61 10  mm
3

yI = + +

+ − =

 

 

( )( ) ( )( ) ( )( )

( )( ) ( ) ( )

3 3 3

3
2 6 4

140 80 120 60 80 80
3 3 3

60 60
        6800 12.36 23.5 10  mm

3

zI = − +

− − =

 

 ( )( )( ) ( )( )( ) ( )6 40 60 20 70 40 6800 7.06 12.36 3.95 10  mmyzI = − × − = −  

 

( ) ( )
( )( ) ( )

( )

( ) ( ) [ ]

9

22 1

6 6 2

6.61 3.95 10 20,000
106.61 23.5 3.95

946.1 10 565.4 10  N/m 946.1 565.4  MPa

y yz
rz

y z yz

I y I z y z
M

I I I

y z y z

σ
−

−

  − − −  
= − = −     − − −        
 = − − = − − 

2
 

(a) At point A (  and 72.36 mmy = + 62.94 mmz = − ): 

 ( ) ( )946.1 72.36 565.4 62.94 32.9 MPa 32.9 MPa (C)Aσ = − − − = − =   ............... Ans. 

(b) 
( )
( )

3.95
tan 0.5976

6.61
yz

y

I
I

β
−

= = = −  

 30.86 30.86  β = − ° = ° ..................................................................................................... Ans. 

(b) At point B (  and 67.64 mmy = − 62.94 mmz = − ): 

 ( ) ( )946.1 67.64 565.4 62.94 99.6 MPa 99.6 MPa (T)Bσ = − − − − = + =   ............. Ans. 

 At point D ( y  and 92.36 mm= + 17.06 mmz = + ): 

 ( ) ( )946.1 92.36 565.4 17.06 97.0 MPa 97.0 MPa (C)Bσ = − − + = − =   ............... Ans. 
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( )( )3

46 3
4.50 in.

36yI = =  
( )( )3

43 6
18.00 in.

36zI = =  

 
( ) ( )2 2

46 3
4.50 in.

72yzI
−

= = −  

  10sin 26.57 4.473 kip in.ryM = ° = ⋅

  10cos 26.57 8.944 kip in.rzM = ° = ⋅

 2 2
rz y ry yz ry z rz yz

y z yz y z yz

M I M I M I M I
y z

I I I I I I
σ

  + +
= − +  

− −    





 

 

 

( )( ) ( )( )
( )( ) ( )

( )( ) ( )( )
( )( ) ( )

( )

2 2

8.944 4.50 4.473 4.50 4.473 18.00 8.944 4.50
4.50 18.00 4.50 4.50 18.00 4.50

0.3312 0.6628  ksi

y z

y z

σ
  + − + −

= − +  
− − − −    

= − +



  

(a) At point A (  and ): 4 in.y = − 1 in.z = +

 ( )( ) ( )( )0.3312 4 0.6628 1 1.988 ksi 1.988 ksi (T)Aσ = − − + + = + = ........................ Ans. 

 At point B ( y  and ): 2 in.= + 2 in.z = −

 ( )( ) ( )( )0.3312 2 0.6628 2 1.988 ksi 1.988 ksi (C)Bσ = − + + − = − = ........................ Ans. 

 At point D ( y  and ): 2 in.= + 1 in.z = +

 ( )( ) ( )( )0.3312 2 0.6628 1 0.0004 ksi 0 ksiDσ = − + + + = + ≅ ..................................... Ans. 

(b) 
( )( ) ( )( )
( )( ) ( )( )
4.473 18.00 8.944 4.50

tan 2.001
8.944 4.50 4.473 4.50

ry z rz yz

rz y ry yz

M I M I
M I M I

β
+ + −

= = =
+ + −

+  

 63.45 63.45  β = + ° = ° ..................................................................................................... Ans. 
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(a) rZ rY

Z Y

M Y M Z
I I

σ −
= +  

3

12Y
hbI =  

3

12Z
bhI =  

 sinrYM M α=  cosrZM M α= −  

 
( )( )

( )
( )( )

( ) ( )max 2 23 3

cos 2 sin 2 6 cos sin
12 12

M h M b M b h
b hbh hb

α α
σ α

− −
= + = α+ ............... Ans. 

(b) ( )max
2 2

6 sin cos 0d M b h
d b h
σ α α
α

= − + =  sin cosb hα α=  

Therefore (1tan h bα −= ) ......................................................................................................... Ans. 

(c) When h b : 2= ( )1tan 2 63.43 63.43  α −= = + ° = + °  

 
( ) 33 42

12 12 6Y

b bhb bI = = =  
( )33 42 2

12 12 3Z

b bbh bI = = =  

 
4

4

2 3tan tan tan 63.43 8.00
6

Z

Y

I b
I b

β α= = ° =  

 .............................................................................. Ans. 1tan 8.00 82.87 82.87  β −= = + ° = °
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  20sin 36.87 12.00 kip in.ryM = ° = ⋅

  20cos36.87 16.00 kip in.rzM = ° = ⋅

 2 2
rz y ry yz ry z rz yz

y z yz y z yz

M I M I M I M I
y z

I I I I I I
σ

  + +
= − +  

− −    





 

 

( )( ) ( )( )
( )( ) ( )

( )( ) ( )( )
( )( ) ( )

( )

2

2

16.00 8.83 12.00 11.3
8.83 25.4 11.3

12.00 25.4 16.00 11.3
       

8.83 25.4 11.3

2.8665 5.0273  ksi

y

z

y z

σ
 +

= −  
−  

 +
+  

−  
= − +

 

(a) At point A (  and ): 3 in.y = + 3.3125 in.z = +

 ( )( ) ( )( )2.8665 3 5.0273 3.3125 8.05 ksi 8.05 ksi (T)Aσ = − + + + = + = .................. Ans. 

(b) 
( )( ) ( )( )
( )( ) ( )( )
12.00 25.4 16.00 11.3

tan 1.7538
16.00 8.83 12.00 11.3

ry z rz yz

rz y ry yz

M I M I
M I M I

β
+ +

= = = +
+ +

 

 60.31 60.31  β = + ° = ° ..................................................................................................... Ans. 

(c) At point B (  and ): 3 in.y = − 0.1875 in.z = +

 ( )( ) ( )( )2.8665 3 5.0273 0.1875 9.54 ksi 9.54 ksi (T)Bσ = − − + + = + = .................. Ans. 

 At point D ( y  and ): 3 in.= + 0.1875 in.z = −

 ( )( ) ( )( )2.8665 3 5.0273 0.1875 9.54 ksi 9.54 ksi (C)Dσ = − + + − = − = .................. Ans. 
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 tK Mc
I

σ =  
75 1.25
60

w
h
= =  

6 0.10
60

r
h
= =  

From Fig. 7-34: 1.70tK =  

 
( )( ) ( )

3
3 420 60

360 10  mm
12

I = =  

 
( )( )

( )( )

6 980 10 360 10
565 N m

1.70 0.030t

IM
K c
σ

−× ×
= = = ⋅ ............................................................. Ans. 
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3 8 1.50
1 4

w
h
= =  

For  Fig. 7-34 gives 1.40tK = 0.25r h =  

 ( )0.25 1 4 0.0625 in.r = = .................................................................................................. Ans. 
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( )

4 3

2 32
64

M DMc M
I D D

σ
π π

= = =  
3

32
DM σπ

=  

 
( )
4 3

2 32
64

R R t
t

M d M KK
d d

σ
π π

= =  
3

32R
t

dM
K

σπ
=  

 
100 1.25
80

D
d
= =  

8 0.10
80

r
d
= =  

From Fig. 7-34: 1.90tK =  

 

( ) ( ) ( )
( ) ( )

( ) ( ) ( ) ( )

3 3

3

33 3

3

32 32
% 100 100

32

100 1 100

tR

t

t

D d KM MR
M D

D d K d D
D K

σπ σπ

σπ

 −−   = =     
   −
 = = − 
     

 

 
( ) ( )

31 1.25
% 1 100 73.0%

1.90
R

 
= − = 
  

................................................................................ Ans. 
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( )

3 2

2 6
12

M hMc M
I Bh Bh

σ = = =  
2

6
BhM σ

=  

 
( )
3 2

2 6
12

R R t
t

M h M KK
bh bh

σ = =  
2

6R
t

bhM
K

σ
=  

 
1 16 1.00
1 16

d
r
= =  

1 16 0.10
5 8

r
b
= =  

From Fig. 7-34: 2.30tK =  

 

( ) ( ) ( )
( ) ( )

( ) ( ) ( ) ( )

2 2

2

6 6
% 100 100

6

100 1 100

tR

t

t

Bh bh KM MR
M Bh

B b K b B
B K

σ σ

σ

 −−   = =     
−   

= = −   
   

 

 
( ) ( )0.625 0.75

% 1 100 63.8%
2.30

R
 

= − = 
 

........................................................................ Ans. 
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( )
3 2

2 6
12

M hMc M
I bh bh

σ = = =  
2

6
bhM σ

=  

 
( )

( ) ( )3 2

2 6
12

R R t
t

M h M KK
b d h b d h

σ = =
− −

 
( ) 2

6R
t

b d h
M

K
σ −

=  

 
200 8.00
25

h
d
= =  

25 0.17
150

d
b
= =  

From Fig. 7-34: 2.55tK =  

 ( ) ( ) ( ) ( )% 100 100 1 100tR

t

b b d KM M b dR
M b b

− −   − − = = = −         K
 

 
( ) ( )150 25% 1 100 67.3%

150 2.55
R

 −
= − = 
 

.............................................................................. Ans. 
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For 04%C hot-rolled steel: 53 ksiyσ =  53 3 17.667 ksiall y FSσ σ= = =  

At the wall: 
( )4

41.5
3.976 in.

4
I

π
= =  ( )22  kip in.M P= ⋅  

 
( )( )22 1.5

17.667 ksi
3.976
PMc

I
σ = = ≤  2.13 kipP ≤  

At the reduced section: 
( )4

41.365
2.727 in.

4
I

π
= =  ( )12  kip in.M P= ⋅  

 
3 1.10

2.73
w
h
= =  

0.25 0.09
2.73

r
h
= =  

From Fig. 7-34: 1.50tK =  

 ( ) ( )( )12 1.365
1.50 17.667 ksi

2.727t

PMcK
I

σ = = ≤  1.961 kipP ≤  

Therefore ....................................................................................................... Ans. max 1.961 kipP =
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For 04%C hot-rolled steel: 360 MPayσ =  360 4 90 MPaall y FSσ σ= = =  

 
( )

( )( ) ( )3 2

2 6
12

t
t t

M h K MMcK K
I b d hb d h

σ = = =
−−

 

Rearranging gives 
( )

( )( )22 6

6 50,0006 0.08333 m
90 10 0.200t

b d M
K hσ
−

= = =
×

 (a) 

 
200 8.00
25

h
d
= =  

25d
b b
=  

Solve by trial and error. 

 Guess that K .   2.50t ≅
 Then Eq. (a) gives   0.208 mb d− = 208 25 233 mmb = + =  

 Then from Fig. 7-34:  0.107d b =  2.70tK =  

 Guess that K .   2.70t ≅
 Then Eq. (a) gives   0.225 mb d− = 212 25 250 mmb = + =  

 Then from Fig. 7-34:  0.100d b =  2.70tK =  

Therefore ......................................................................................................... Ans. min 250 mmb ≅
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( )( )3

42 0.625 4
7.333 in.

12
I

−
= =   kip in.

2 3 6
P L PLM     = = ⋅    

    
 

 
( )6

t t

PL cMcK K
I I

σ = =  gives 
6

t

IL
K cP
σ

=  

 
4 6.40

0.625
h
d
= =  

0.625 0.3125
2

d
b
= =  

From Fig. 7-34:  2.35tK ≅

 
( )( )
( )( )( )
6 20 7.333

37.445 in. 3.12 ft
2.35 2 5

L = = = ........................................................................ Ans. 
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( )

( ) ( )3 2

2 6 200 MPa
12

t
t t

M h K MMcK K
I b d h b d h

σ = = = ≤
− −

 

 
( )

( )( )
( )
( )

3 6
2 2

6

6 10 10 300 10
m

0.010200 10
t tK K

h
bb d

−× ×
≥ =

−− ×
 

 d/b b (mm) Kt h (mm) 
 0.05 200 2.80 66 
 0.10 100 2.70 95 
 0.20 50 2.50 137 
 0.25 40 2.45 157 
 0.30 33 2.37 176 
 0.35 29 2.30 191 
 0.40 25 2.25 212 
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 ( )( ) ( )( )2 3 2.25 14 31.5 kip in.M P L= = = ⋅  

 
( )

( ) ( )3 2

2 6 15 ksi
12

t
t t

M h K MMcK K
I b d h b d h

σ = = = ≤
− −

 

 
( )

( )( ) ( )
2 26 31.5 12.60 in.

15 0.75
t tK Kh

b d b
≥ =

− −
 

 d/b b (in.) Kt h (in.) 
 0.15 5.00 2.60 2.78 
 0.20 3.75 2.50 3.24 
 0.30 2.50 2.35 4.11 
 0.40 1.88 2.25 5.00 
 0.50 1.50 2.17 6.04 
 0.60 1.25 2.10 7.27 
 0.70 1.07 2.03 8.94 
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For a  W 203 50 section× 2 210 mmd c= =  9.1 mmwt =  

  205 mmfw = 14.2 mmft =  ( )3 3582 10  mmS =  

  ( )(6 6
e 250 10 582 10yM Sσ −= = × × )

 ..................................................................... Ans. ( )3
e 145.5 10  N m 145.5 kN mM = ⋅ = ⋅

 
( ) ( )( )

( ) ( )(

6

6

2 250 10 0.0979 0.205 0.0142

     2 250 10 0.0454 0.0908 0.0091

pM = × ×  

+ × ×  )
 

 ( ) ( ) ( )3 3 3142.49 10 18.76 10 161.3 10  N m 161.3 kN mpM = + = ⋅ = ⋅ ....................... Ans. 
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For a  W 33 201 section× 2 33.68 in.d c= =  0.715 in.wt =  

  15.745 in.fw = 1.150 in.ft =   3684 in.S =

 ....................................... Ans. ( )( )e 36 684 24,624 kip in. 24,600 kip in.yM Sσ= = = ⋅ ≅ ⋅

 ( ) ( )( ) ( ) ( )( )2 36 16.265 15.745 1.150 2 36 7.845 15.69 0.715pM = × +     ×   

 .................................... Ans. 21,204 6337 27,541 kip in. 27,500 kip in.pM = + = ⋅ ≅ ⋅
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For a  W 762 196 section× 2 770 mmd c= =  15.6 mmwt =  

  268 mmfw = 25.4 mmft =  ( )3 36225 10  mmS =  

  ( )(6 6
e 250 10 6225 10yM Sσ −= = × × )

 ....................................................................... Ans. ( )3
e 1556 10  N m 1556 kN mM = ⋅ = ⋅

 
( ) ( )( )

( ) ( )(

6

6

2 250 10 0.3723 0.268 0.0254

     2 250 10 0.1798 0.3596 0.0156

pM = × ×  

+ × ×  )
 

 ( ) ( ) ( )3 3 31267.2 10 504.3 10 1772 10  N m 1772 kN mpM = + = ⋅ = ⋅ ......................... Ans. 
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( )
( )

3 212
2 6

yy y
e

bhI b
M

c h
σ hσ σ

= = =  

 
2

2
2 4 4

y
p y

bhbh hM
σ

σ   = =  
  

 

 

 
1 4 1.5
1 6

p

e

M
M

= = ...............................................Ans. 
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( )
( )

4 34
4

yy y
e

RI R
M

c R
σ πσ π σ

= = =  

 
32 442

2 3 3
y

p y

RR RM
σπσ

π
  = =  

  
 

 

 
4 3 1.698

4
p

e

M
M π

= = ................................................................................................................ Ans. 
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( ) ( )( ) ( ) ( )( ) ( ) ( )( )

( )( ) ( )( ) ( )( )
5 2 10 1 8 2 5 2 10

3.857 in.
2 10 8 2 2 10

x
C

My
A

+ +          = = =
+ +

 

 
( )( ) ( )( ) ( )( )3 3 3

412 3.857 8 1.857 4 6.143
521.5 in.

3 3 3
I = − + =  

Elastic action: 

 
( )521.5

84.89
6.143

y y
e y

I
M

c
σ σ

σ= = =  

For fully plastic action: 

 256 2 28 in.T CA A= = =  

  ( ) 24 10 28 in.pc− =

  3.00 in.pc =

 
( )( ) ( )( ) ( )( )1.5 12 3 0.5 8 1 3.5 4 7

148.0
p y

y

M σ

σ

= × − × + ×  
=

 

 
148.0 1.743
84.89

p

e

M
M

= = ............................................................................................................. Ans. 
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(a) 
( )
( )

4 312
2 6

yy y
e

aI a
M

c a
σσ σ

= = =  

 
32

2
2 4 4

y
p y

aa aM
σ

σ
  = =  

  
 

 
1 4 1.500
1 6

p

e

M
M

= = ........................................................ Ans. 

(b) 
( )

( )

4
3

12
0.11785

sin 45
yy

e y

aI
M a

c a
σσ

σ= = =
°

 

 
2

3sin 452 0.23570
2 3p y
a a

yM aσ σ
  ° = =  

  
 

 
0.23570 2.00
0.11785

p

e

M
M

= = ......................................................................................................... Ans. 
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(a) Assume that the lower flange will be fully plastic. 

 ( )1 36 1  ksia a aσ − = −    

 
( )( ) ( )( ) ( )( )36 10 36 1 9 1

2 2C

a a a
F

a
× −    

= −    
    

 
− 




 
( )( ) ( )( )( ) ( )( )(36 1

36 1 9 2 36 1 6
2T

a
F a

×
= + − + )  

Equating  to  gives:  CF TF 272 216 162 0a a− − =

From which ............................................................................ Ans. 3.621 in. 3.62 in.a = ≅

 ( )10 2 10 2 3.621 2.758 in. 1 in.a− = − = >  

Therefore, the lower flange will be fully plastic as was assumed. 

(b) ( )1 36 3.621 1 3.621 26.06 ksiaσ − = − =    

 

( )( ) ( ) ( )( ) ( )

( )( ) ( ) ( )( )( ) ( )( )(

36 10 3.621 2 3.621 26.06 9 2.621 2 2.621
2 3 2 3

36 1 3.621 2 3.621
      36 1 1.758 4.50 36 1 6 5.879

2 3

M
× ×       

= −       
       

×   
+ + × +   
   

)×

 

 ..................................................................................... Ans. 2748 kip in. 2750 kip in.M = ⋅ ≅ ⋅

(c) 
( )( ) ( )( ) ( )( )

( ) ( ) ( )
9.5 10 1 5 8 1 0.5 6 1

5.75 in.
10 1 8 1 6 1

x
C

My
A

× + × + ×
= = =

× + × + ×
 

 
( )( ) ( )( ) ( )( ) ( )( )3 3 3 3

410 4.25 9 3.25 6 5.75 5 4.75
354.5 in.

3 3 3 3
I = − + − =  

 
( )( )

( )
36 354.5

2219 kip in.
5.75e

IM
c
σ

= = = ⋅  

For fully plastic action: 224 2 12 in.T CA A= = =  

  ( ) ( )( ) 26 1 1 1 12 in.T pA c= × + − = 7.00 in.pc =  

 ( )( )( ) ( )( )( ) ( )( )( ) ( )( )( )36 6 1 6.5 36 6 1 3 36 2 1 1 36 10 1 2.5 3024 kip in.pM = × + × + × + × = ⋅  

 
3024 1.363
2219

p

e

M
M

= = .............................................................................................................. Ans. 
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(a) Assume that the lower flange will be only partially plastic. 

 ( )40 240 40  MPaa a aσ − = −    

 
( )( ) ( )( ) ( )( )240 120 240 40 80 40

2 2C

a a a
F

a
× −    

= −    
    

 
− 




a 

 

( )( ) ( )( ) ( )( )

( )( )( )

240 80 240 160 40 160
2 2

                       240 80 200 2

T

a a
F

a

a

× −  
= −   

  
+ −

 

−

Equating  to  gives:  CF TF 2 120 2800 0a a− + =

From which ...................................................................... Ans. 88.28 mm 88.3 mma = ≅

 ( )200 2 200 2 88.28 23.44 mm 40 mma− = − = <  

Therefore, the lower flange will be only partially plastic as was assumed. 
 
(b) ( )40 240 88.28 40 88.28 131.26 MPaaσ − = − =    

 ( )160 240 160 88.28 88.28 194.98 MPaaσ − = − =    

 

( )( ) ( ) ( )( ) ( )

( )( ) ( ) ( )( ) ( )

( )( )( )

240 120 88.28 2 0.08828 131.26 80 48.28 2 0.04828
2 3 2 3

240 80 88.28 2 0.08828 194.98 40 71.72 2 0.07172
      

2 3 2

      240 80 23.44 0.100

M
× ×       

= −       
       

× ×      
+ −      
      

+ ×

3




 

 ............................................................................. Ans. ( )3148.2 10  N m 148.2 kN mM = ⋅ ≅ ⋅

(c) 
( )( ) ( )( ) ( )( )

( ) ( ) ( )
20 80 40 100 40 120 180 120 40

110 mm
80 40 40 120 120 40

x
C

My
A

× + × + ×
= = =

× + × + ×
 

 

( )( ) ( )( ) ( )( )

( )( ) ( )

3 3 3

3
6 4

120 90 80 50 80 110
3 3 3

40 70
                        56.75 10  mm

3

I = − +

− =

 

 
( )( )

( ) ( )3240 56.75
123.82 10  N m

0.110
123.82 kN m

e
IM

c
σ

= = = ⋅

= ⋅

 

For fully plastic action: 212,800 2 6400 mmT CA A= = =  

  ( ) ( )( ) 240 80 40 40 6400 mmT pA c= × + − =

 120 mmpc =  
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( )( )( ) ( )( )( )
( )( )( ) ( )( )(
( )3

240 40 80 0.100 240 40 80 0.040

          240 40 120 0.060 240 40 40 0.020

184.32 10  N m 184.32 kN m

pM = × + ×

+ × + ×

= ⋅ = ⋅

)  

 
184.32 1.489
123.82

p

e

M
M

= = ........................................................................................................... Ans. 
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(a) ( )2 36 2  ksia a aσ − = −    

 
( )( ) ( )( ) ( )( )36 4 36 2 2.5 2

2 2C

a a a
F

a
× −    

= −    
    

− 



 

 
( )( ) ( )( )( )36 1.5

36 1.5 10 2 540 81
2T

a
F a

×
= + − =  a−

Equating  to  gives: CF TF 2108 360 180 0a a− − =  

From which ............................................................................ Ans. 3.775 in. 3.78 in.a = ≅

(b) ( )2 36 3.775 2 3.775 16.927 ksiaσ − = − =    

 

( )( ) ( ) ( )( ) ( )

( )( ) ( ) ( )( )( )

36 4 3.775 2 3.775 16.927 2.5 1.775 2 1.775
2 3 2

36 1.5 3.775 2 3.775
      36 1.5 2.45 5

2 3

M
× ×      

= −      
      

×   
+ + ×   
   

3




 

 .................................................................................................................. Ans. 1558 kip in.M = ⋅

(c) 
( )( ) ( )( )

( ) ( )
4 8 1.5 9 4 2

6.00 in.
8 1.5 4 2

x
C

My
A

× + ×
= = =

× + ×
 

 
( )( ) ( )( ) ( )( )3 3 3

41.5 6 4 4 2.5 2
186.67 in.

3 3 3
I = + − =  

 
( )( )

( )
36 186.67

1120.0 kip in.
6e

IM
c
σ

= = = ⋅  

For fully plastic action: 220 2 10 in.T CA A= = =  

  ( )( ) 21.5 10 in.T pA c= = 6.667 in.pc =  

 
( )( )( ) ( )( )( )

( )( )( )
36 1.5 6.667 3.333 36 1.5 1.333 0.667

                  36 4 2 2.333 1919.9 kip in.
pM = × + ×

+ × = ⋅
 

 
1919.9 1.714
1120.0

p

e

M
M

= = ........................................................................................................... Ans. 
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For a  WT 305 70 section×
  2 308.7 mmd c= = 13.1 mmwt =  

  230.3 mmfw = 22.2 mmft =  

  28905 mmA = ( )3 3333 10  mmS =  

(a) ( )22.2 250 22.2  MPaa a aσ − = −    

 
( )( ) ( )( ) ( )( )250 230.3 250 22.2 217.2 22.2

2 2C

a a a
F

a
× − −    

= −    
    





 

 
( )( ) ( )( )(250 13.1

250 13.1 308.7 2
2T

a
F a

×
= + )−  

Equating  to  gives:  CF TF 2 29.69 2043 0a a+ − =

From which ...................................................................... Ans. 32.73 mm 32.7 mma = ≅

 ( )308.7 2 308.7 2 32.73 243.24 mma− = − =  

(b) ( )22.2 250 32.73 22.2 32.73 80.44 MPaaσ − = − =    

 

( )( ) ( ) ( )( ) ( )

( )( ) ( ) ( )( )( )

250 230 32.73 2 0.03273 80.44 217.2 10.53 2 0.01053
2 3 2

250 13.1 32.73 2 0.03273
      250 13.1 243.24 0.15435

2 3

M
× ×      

= −      
      

×   
+ + ×   
   

3




 

 ........................................................................... Ans. ( )3144.04 10  N m 144.0 kN mM = ⋅ ≅ ⋅

 

(c) ( )( ) ( )3250 333 83.25 10  N m 83.25 kN meM Sσ= = = ⋅ = ⋅  

For fully plastic action: 

 28905 2 4453 mmT CA A= = =  

  ( )( ) 2230.3 4453 mmC pA c= =

  19.34 mm 22.2 mmpc = <

Therefore, the neutral axis for fully plastic action is in the flange. 

  

( )( )( )
( )( )(
( )( )(
( )3

250 230.3 19.34 0.00967

          250 230.3 2.86 0.00143

          250 13.1 286.5 0.14611

148.10 10  N m 148.10 kN m

pM = ×

+ ×

+ ×

= ⋅ =

)
)

⋅

 
148.10 1.779
83.25

p

e

M
M

= = ........................................................................................................... Ans. 
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( )

2
2

c cy y
c h h

c yε ε εε = = =  
1 2

1 2 2 c yK K
h
εσ ε  = =  

 
 

 

1 2 1 2
2 23 2 5 2

00

5 2

1 2

2 242
5

4
5 2

h hc cM y dA K y bdy Kb y
h h

hb
y

ε εσ

σ

     = = =        

  =   
   

∫ ∫
 

 

Therefore 
1 2

2

5 2 M y
bh h

σ  =  
 

.................................................................................................. Ans. 
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Since  max 99.3 MPaσ =  ( )3

max 3.5 10ε −=  

  0.592792  MPaσ ε=

(a) 
( )

0.0035c y y
c c
εε = =  

 ( )
0.59 0.59 0.59

6 20.00352792 99.29  MPa 99.29 10  N/my y y
c c c

σ      = = =     
     

 

 ( ) ( )
0.59

0.050 6

0
99.29 10 0.100C

yF d
c

 =  
 ∫ y  

 ( ) ( )
0.59

6

0
99.29 10 0.025

c

T
yF d
c

 =  
 ∫ y  

Since : C TF F=
0.59 0.59

0.050

0 0
4

cy ydy dy
c c

   =   
   ∫ ∫  

  
1.59

0.02148
1.59
c

=  

Therefore .................................................................................. Ans. 0.11957 m 119.6 mmc = ≅
 

(b) ( ) ( )
0.59

0.05 6

0
99.29 10 0.100yM y dA y dy

c
σ  = =  

 ∫ ∫  

 
( ) ( )

( ) ( )

0.59
0.11957 6

0

0.05 0.119576 1.59 6 1.59

0 0

               99.29 10 0.025

34.76 10 8.69 10

y y d
c

y dy y dy

 +  
 

= +

∫

∫ ∫

y
 

Therefore ............................................................... Ans. ( )319.43 10  N m 19.43 kN mM = ⋅ = ⋅
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( )( ) ( )( ) ( )3 3

44 7 3.75 7 2 3.75 7 2
114.33  in.

12 12 12
t t

I
 − −

= − = − 
  

3

 

For a channel section: 

 
( ) ( )

( )

2 22 2

3

3.875 7
1.50 in.

4 3.75 7 2
4 114.33

12

t tb h te
I t

−
= = =

 −
− 

  

 

Solving by trial and error yields: .................................................................................. Ans. 0.250 in.t =
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( )( ) ( )(

( )

3
2

3 4

2.5 100
2 2.5 50 25

12
364.6 10  mm

I = + ×

=

)
 

(a)  ( )( ) 325 50 2.5 3125 mmAQ = × =

 
( )( )
( )( ) ( )

9
6 2

9

2500 3125 10
8.571 10  N/m

364.6 10 0.0025
A

A
f

VQ
It

τ
−

−

×
= = =

×
 

 ( ) ( )( )6
1 2 8.571 10 0.0025 0.050 2 535.7 Nf fF Aτ= = × × =  

0 :OMΣ =   1 0Pe F d− =

 
( )( )535.7 50

10.71 mm
2500

e = = ............................................................................................. Ans. 

(b)  ( )( ) ( )( ) 325 50 2.5 25 50 2.5 6250 mmOQ = × + × =

 
( )( )
( )( ) ( )

9
6 2

9

2500 6250 10
17.14 10  N/m

364.6 10 0.0025
O

O
w

VQ
It

τ
−

−

×
= = =

×
 

 17.14 MPaOτ = .............................................................................................................. Ans. 
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  ( )( ) 3

1 6.5 7 1 45.5 in.AQ = × = ( )( ) 3
2 6.5 3 1 19.5 in.AQ = × =  

  345.5 19.5 65.0 in.AwQ = + = ( ) ( )( ) 365.0 3 6 1 83.0 in.BQ = + × =  

 
( )( ) ( )( )3 33

410 14 9 12
990.7 in.

12 12 12
bhI = = − =  

(a) 
( )( )
( )( )

1
1

100 45.5
4.593 ksi

990.7 1
A

A
f

VQ
It

τ = = =  

 
( ) ( )( )1 1 1 2 4.593 7 1 2
16.076 kip

AF Aτ= = ×

=
 

 

 
( )( )
( )( )

2
2

100 19.5
1.968 ksi

990.7 1
A

A
f

VQ
It

τ = = =  

 ( ) ( )( )2 2 2 2 1.968 3 1 2 2.952 kipAF Aτ= = × =  

0 :BMΣ =   ( )1 2 0Pe F F d− − =

 
( )( )16.076 2.952 13

1.706 in.
100

e
−

= = ..........................Ans. 

(b) 
( )( )
( )( )
100 65.0

6.56 ksi
990.7 1

Aw
Aw

w

VQ
It

τ = = =  

 
( )( )
( )( )
100 83.0

8.38 ksi
990.7 1

B
B

w

VQ
It

τ = = =  

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

7-142  

 
2avg

VQAF A
It

τ= =  

(a) 
( )( ) ( ) ( )6

1

253 93 14
93 14 15.317 10

2 14
V VF
I I

× 
= × = 

 
×  

 
( )( ) ( ) ( )6

2

222 93 16
93 16 15.360 10

2 16
V VF
I I

× 
= × = 

 
×  

 
( )( )( ) ( )( ) ( ) ( )2 3

3

253 93 14
93 14 93 1.7710 10

2 14
bV VF b b

I I
− 

= − = − 
 

×  

0 :OMΣ =   3 3 1 1 2 2 0F h F h F h− − =

 ( ) ( ) ( ) ( ) ( ) ( ) ( )2 3 693 1.7710 10 474 15.317 10 474 15.360 10 444V V Vb
I I I

    − × = × + ×        
6 


 

 ( ) ( )2 393 16.773 10b − =  

  2 186 8124.0 0b b− − =
 .................................................................................................... Ans. 222.5 mm 223 mmb = ≅

(b) ( )( ) ( )( ) ( )( ) ( )6 3237 223 14 222 93 16 111 222 14 1.4152 10  mmNAQ = × + × + × =  

 
( )( ) ( )( ) ( )( )

( )

3
2 2

6 4

16 444
2 223 14 237 2 93 16 222

12
614.1 10  mm

I = × + × +

=
 

 
( )( )
( )( ) ( )

3
6 2

max 6

40,000 1.4152 10
6.58 10  N/m

614.1 10 0.014
NA

w

VQ
It

τ
−

−

×
= = =

×
 

 max 6.58 MPaτ = ............................................................................................................. Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

7-143*  
  ( )( ) 36 4 0.25 6.0 in.AQ = × =

  ( )( ) 33 4 0.25 3.0 in.BQ = × =

 
( )( ) ( )( )

( )( )

3
2

2 4

0.25 12
2 4 0.25 6

12
            2 4 0.25 3 126.0 in.

I ≅ + ×

+ × =

 

(a) 
( )

( )( )
( )

1

6 4 0.25
0.09524

2 126.0 0.25 2
A F VAF Vτ   ×

= = = 
 

 

 
( )

( )( )
( )

2

3 4 0.25
0.04762

2 126.0 0.25 2
B F VAF Vτ   ×

= = = 
 

 

0 :OMΣ =   ( ) ( )1 212 6 0Pe F F− − =

Since V P : = ( ) ( )0.09524 12 0.04762 6 1.429 in.e = + = ......................................... Ans. 

(b) ( )( ) ( )( ) ( )( ) 36 4 0.25 3 4 0.25 3 6 0.25 13.5 in.NAQ = × + × + × =  

 
( )( )
( )( )
1500 13.5

643 psi
126.0 0.25

NA
O

w

VQ
It

τ = = = ............................................................................. Ans. 
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  ( )( ) ( )3 390 90 6 48.6 10  mmAQ = × =

 ( )( ) ( )( ) ( )3 390 90 6 45 90 6 72.9 10  mmBQ = × + × =  

  ( )( ) ( )3 330 60 6 10.8 10  mmCQ = × =

 
( )( ) ( )( ) ( )( ) ( )

3 3
2 6 46 180 6 120

2 90 6 90 12.528 10  mm
12 12

I ≅ + + × =  

 
( )( )

( )( ) ( )
6

6 2
6

6000 48.6 10
3.879 10  N/m 3.88 MPa

12.528 10 0.006
A

A
VQ

It
τ

−

−

×
= = = ≅

×
 

 
( )( )

( )( ) ( )
6

6 2
6

6000 72.9 10
5.819 10  N/m 5.82 MPa

12.528 10 0.006
B

B
VQ

It
τ

−

−

×
= = = ≅

×
 

 
( )( )

( )( ) ( )
6

6 2
6

6000 10.8 10
0.8621 10  N/m 0.862 MPa

12.528 10 0.006
C

C
VQ

It
τ

−

−

×
= = = ≅

×
 

Therefore: max 5.82 MPaBτ τ= = ...................................................................................... Ans. 

 ( ) ( )( )6
1 1 2 3.879 10 0.090 0.006 2 1047.3 NAF Aτ= = × × =  

 ( ) ( )( )6
3 3 2 0.8621 10 0.120 0.006 2 413.8 NCF Aτ= = × × =  

0 :BMΣ = ( ) ( )1 3180 180 0Pe F F− − + =  

Since V P : =

 
( )( ) ( )( )413.8 180 1047.3 180

19.00 mm 19.00 mm
6000

e
−

= = − = ← ........................... Ans. 
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 ( ) ( )
23 2

2 2
12 2 6
th h th 3I bt h b

    ≅ + = +   
     

 

 
2

1 0 2
sV Vyt dy s

It I
τ = =∫  

 ( )
2 32

1 1 0 2 4
h Vs Vh tF dA t ds

8I I
τ= = =∫ ∫  

 ( )
2

2 1 2 0 2 8
s

s h

V h Vh Vhst dx
2It I

τ τ
=

 = + = + 
 ∫ I

 

 ( ) ( )
2

2 2 0
2

8 2 8
b Vh Vhs VhbtF dA t ds h

I I I
τ

 
= = + = + 

 
∫ ∫ b  

0 :OMΣ =   1 22 0Pe Fb F h− − =

Since V P : = ( ) ( )
( )

2 2 3
2 3

12 2 3
b h bh tbe h b

I h b
+

= + =
+

............................................................ Ans. 
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(a) ( ) ( )
3

22

0
cos

2
R tI y dA R tR d

π πθ θ= = =∫ ∫  

 ( ) ( )
2

2

0 0
cos sin

sV V VRyt ds R R d
It I I

θ
τ θ θ= = =∫ ∫ θ  

 

( )
2

0

4 4 4

30

sin

2 2 4                 sin
2

VRT R dF R dA R tR d
I

VR t VR t VR t VRd
I I R t

π

π

τ θ θ

θ θ
π π

 
= = =  

 

= = =

∫ ∫ ∫

∫ =

 

0 :OMΣ =   0Pe T− = 4 0Pe VR π− =  

Since V P : = 4e R π= ..................................................................................................... Ans. 

(b) ( ) ( ) ( )33 32 25 2.5 2 61.359 10  mmI R tπ π= = = 4  

 
( )( )
( ) ( )

22
6 2

9

440 0.025
sin sin 90 4.48 10  N/m

61.359 10A A
VR

I
τ θ

−
= = ° =

×
 

 4.48 MPaAτ = ....................................................................................................................... Ans. 
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(a) ( ) ( )
2 22 3

0
sinI y dA R tR d R t

π
θ θ π= = =∫ ∫  

 ( ) ( ) ( )
2

2

0 0
sin 1 cos

sV V VRyt ds R R d
It I I

θ
τ θ θ= = = −∫ ∫ θ  

 
( ) ( )

( )

22

0

4 42

30

1 cos

2 2              1 cos 2

VRT R dF R dA R tR d
I

VR t VR t VR td V
I I

π

π

τ θ

π πθ θ
π

 
= = = − 

 

= − = = =

∫ ∫ ∫

∫
 

4

R
R t

θ

0 :OMΣ =   0Pe T− = 2 0Pe VR− =  

Since V P : .......................................................................................................... Ans. = 2e = R

(b)  ( ) ( )33 42 0.1 2.51327 in.I R tπ π= = =

 ( ) ( )( )
( ) ( )

22 110 2
1 cos 1 cos180 350 psi

2.51327A A
VR

I
τ θ= − = − ° = ........................................ Ans. 
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Let  20 mma =
  ( )( ) 21.5 1.5AQ a at= = a t

  ( )( )2 2
2 1.5 2 2 5.5BQ a t a at= + = a t

  ( )( ) 2
3 2 2 4BQ a at= = a t

  2 25.5 4 9.5BwQ a t a t= + = 2a t

  ( )( )2 29.5 2 11.5OQ a t a at= + = a t

 
( )( ) ( )( ) ( )( )

3 3
2 32 4 2

2 4 2 42
12 12

t a t a
I a t a a t= − + × =  

(a) ( ) ( )
2

1 0 0 2
s sV V Vy t ds a s t ds as

It It I
τ

 
= = + =  

 
∫ ∫

s
+  

 ( ) ( )
2 3 3

1 1 30

2 2
2 3 3 42

a V s Va t Va tF dA as t ds
I I a t

τ
 

= = + = = + 
 

∫ ∫ 63
V

 

 ( ) ( )
( )( ) ( )

2

2 2 3

3.5
2 2

642
avg

avg

V a tVQ VF A at at
It a t t

τ= = = =  

 ( ) ( )
( )( ) ( )

2

3 3 3

2
2 2

10.542
avg

avg

V a tVQ VF A at at
It a t t

τ= = = =  

0 :OMΣ =  ( ) ( )( )1 2 32 2 4Pe F a F F a− − − = 0  

 ( )( ) ( )( ) ( )( )2 63 2 6 4 10.5 4 0Pe V a V a V a− − + =  

Since V P : =
( )22 204 4 4 22 6.98 mm

63 6 10.5 63 63
a a a ae = + − = = = .............................. Ans. 
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  ( )( ) 31 2 0.125 0.25 in.AQ = × =

  ( )( ) 30.25 1 4 0.125 0.75 in.BQ = + × =

 
( )( )3

40.375 4
2.00 in.

12
I = =  

 
( )( )
( )( )

300 0.25
300 psi

2.00 0.125
A

A
VQ

It
τ = = =  

 
( )( )
( )( )

300 0.75
900 psi

2.00 0.125
B

B
VQ

It
τ = = =  

Therefore: 

 max 900 psiBτ τ= == ...................................................................................................... Ans. 

 

 
( )( )1

1

300 2 0.125
25.00 lb

3 3
A AF τ ×

= = =  

0 :BMΣ =  ( )12 4cos30Pe F− °  0=

Therefore: 

 
( )( )

( )
2 25.00 4cos30

0.577 in.
300

e
°

= = ......................................................................... Ans. 
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200 20
10

s

w

En
E

= = =  

 
( ) ( )( ) ( ) ( )( )

( )( ) ( )( )
175 150 350 357.5 3000 15

259.2 mm
150 350 3000 15Cy

+      = =
+

 

 
259.2 75 9.19 MPa

105.8 20
w s

w
s

c
c n

σσ − −   = = = −  
  

 

 9.19 MPa (C)wσ = ........................................................................................................ Ans. 
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30,000 20
1500

s

w

En
E

= = =  

 
( ) ( )( ) ( ) ( )( )

( )( ) ( )( )
6.5 6 12 0.25 120 0.5

3.659 in.
6 12 120 0.5

x
C

My
A

+      = = =
+

 

 ( ) ( )( )3.659 20 1250 10,347 psi
8.841

s
s w

w

c n
c

σ σ− −
= = − = +  

 10.35 ksi (T)sσ ≅ ................................................................................................................. Ans. 
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73 9.125
8

a

w

En
E

= = =  

 
( )( )30 4

30 kN m
2 2 4 4
P L PLM   = = = =  

  
⋅  

 
( )( ) ( )

3
6 4200 228.1 300

963.2 10  mm
12TI

+
= =  

 
( )( )
( ) ( )6 2

6

30,000 0.150
4.672 10  N/m 4.67 MPa (T)

963.2 10w
T

Mc
I

σ
−

= = = ≅
×

....................... Ans. 

 ................................................................. Ans. ( )( )9.125 4.672 42.6 MPa (T)a wnσ σ= = =
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29,000 18.125
1600

s

w

En
E

= = =  

 
( )( )3

44 18.125 6
398.25 in.

12TI
+

= =  

 
( )( )

( )
10,000 12 3

903.95 psi 904 psi (T)
398.25w

T

Mc
I

σ
×

= = = ≅ ........................................... Ans. 

 ................................... Ans. ( )( )18.125 903.95 16,384 psi 16,380 psi (T)s wnσ σ= = = ≅
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70 7.00
10

a

w

En
E

= = =  

 
( )( ) ( )6 23000 0.040

15 10  N/mw
w

T T

My
I I

σ = = ≤  

 ( )6 48.000 10  mTI
−≥  

 
( )( ) ( )6 27 3000 0.043

135 10  N/ma
a

T T

nMy
I I

σ = = ≤   ( )6 46.689 10  mTI
−≥

 
( )( ) ( )( ) ( )

3 3
6 47 86 7 50 80

8.000 10  mm
12 12T

w w
I

−
= − ≥  

  .................................................................. Ans. ( )672,366 5.8667 10w ≥ 81.1 mmw ≥
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30,000 18.75
1600

s

w

En
E

= = =  

  ( )( )4000 6 24,000 lb ftM PL= = = ⋅

 
( )( ) ( )( )3 3

475 11.5 71 10
3589 in.

12 12TI = − =  

 
( )( )

( )
24,000 12 5

401.2 psi 401 psi (T & C)
3598

w
w

T

My
I

σ
×

= = = ≅ ................................. Ans. 

 
( )( )

( )
18.75 24,000 12 5.75

8651 psi 8650 psi (T & C)
3598

s
s

T

nMy
I

σ
×

= = = ≅ ............... Ans. 
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100 71.43
1.4

b

p

En
E

= = =  

 
( )131p C

p
T T

My M y
I I

σ
−

= =  

 
71.43b C

b
T T

nMy My
I I

σ = =  

For 10b pσ σ= :  ( )71.43 10 131C Cy y= −

  16.088 mmCy =

 
( ) ( )( ) ( ) ( )( )

( )( ) ( )( )
3 6 71.43 68.5 50 125

16.088 mm
6 71.43 50 125C

w
y

w
+      = =
+

 

  5609 327,575w = 58.4 mmw = ........................................................................ Ans. 
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30,000 18.75
1600

s

w

En
E

= = =  

 
( )2 16

32
8 8

wwLM w= = =  

 
( ) ( )( ) ( ) ( )( )

( )( ) ( )( )
8 8 15 0.25 150 0.5

5.019 in.
8 15 150 0.5

x
C

My
A

+      = = =
+

 

 
( )( ) ( )( ) ( )( )3 3 3

48 10.481 150 5.019 142 4.519
5024 in.

3 3 3TI = + − =  

 
( )( )

( )
32 12 10.481

1600 psi
5024

w
w

T

wMy
I

σ
×

= = ≤  1997.3 lb/ftw ≤  

 
( )( )

( )
18.75 32 12 5.019

18,000 psi
5024

s
s

T

wnMy
I

σ
×

= = ≤  2502.5 lb/ftw ≤  

Therefore: ..................................................................................................... Ans. max 1997 lb/ftw =
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200 15.38
13

s

w

En
E

= = =  

 
( )( )22 20 5

62.50 kN m
8 8

wLM = = = ⋅  

 
( )( ) ( )( ) ( )

3 3
6 42307 330 2157 300

2056 10  mm
12 12TI = − =  

 
( )( )

( ) ( )
3

6 2
6

6250 10 0.150
4.560 10  N/m 4.56 MPa (T)

2056 10
w

w
T

My
I

σ
−

×
= = = ≅

×
............... Ans. 

 ( ) ( )( )165 15.38 4.560 77.1 MPa (T)
150

s
a w

w

y n
y

σ σ= = = ................................................ Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

7-159  

 
30,000 20
1500

s

w

En
E

= = =  

  ( )( )2.50 10 25.0 kip ftM = = ⋅

 
( )( ) ( )( ) ( )(

3 3
26 12 20

20 6 0.5
12 12T

w t )I wt t= + + +  

 
( )( )25.0 12 6

1 ksiw
w

T T

My
I I

σ
×

= = ≤   41800 in.TI ≥

  (a) ( )23864 1.66667 20 6 0.5 1800 in.TI wt wt t= + + + ≥ 4

 
( )( )20 25.0 12 6

10 ksis
s

T T

tnMy
I I

σ
× +

= = ≤  ( ) 4600 6  in.TI t≥ +  

  (b) ( ) ( )23 4864 1.66667 20 6 0.5 600 6  in.TI wt wt t= + + + ≥ + t
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200 16.667
12

s

w

En
E

= = =  

 ( ) ( )2 2  NM P P= = m⋅  

 
( ) ( )( ) ( ) ( )( )

( )( ) ( )( )
8 3333 16 191 200 350

3333 16 200 350
111.87 mm

x
C

My
A

+    = =
+

=

 



 
( )( ) ( )( ) ( )( ) ( )

3 3 3
6 43333 111.87 3133 95.87 200 254.13

1729.4 10  mm
3 3 3TI = − + =  

 
( )( )
( ) ( )6 2

6

0.25413
10 10  N/m

1729.4 10
w

w
T

PMy
I

σ
−

= = ≤
×

  ( )368.05 10  NP ≤

 
( )( )

( ) ( )6 2
6

16.667 0.11187
75 10  N/m

1729.4 10
s

s
T

PnMy
I

σ
−

= = ≤
×

  ( )369.56 10  NP ≤

Therefore: ......................................................................................................... Ans. max 68.1 kNP =
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(a) 
( )( )33

48 15
2250 in.

12 12w
bhI = = =  

 
( )( )2.4 2250

7.5
w w

w

IM
c

σ
= =  

 ............................................... Ans. max 720 kip in.M = ⋅

(b) 
30,000 18.75
1600

s

w

En
E

= = =  

 

( )( ) ( )( ) ( )( )

( )

3 3
2

23 4

8 15 150
2 150 7.5 0.5

12 12

2250 25 300 7.5 0.5  in.

T

t
I t t

t t t

 
= + + + 

  
 = + + + 

 

Either: 
( )( )2.4

7.5
Tw T

w

IIM
c

σ
= =  or 

( )( )
( )

18
18.75 7.5

Ts T

s

II
nc t
σ

= =
+

M  

Choose smaller M  and compute ( )720 100
720

MM −
∆ =  

 
( )7.5w

w
T T

MMc
I I

σ = =  
( )18.75 7.5s

s
T T

M tnMc
I I

σ
+

= =  
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(a) 
73 5.615
13

a

w

En
E

= = =  

 

( )( ) ( )( ) ( )( )

( ) ( )

3 3
2

6 6 4

150 300 50
2 50 150 25

12 12

337.5 10 3.083 10  mm

T

nw
I n

nw

 
= + + + 

  
 = + 

 
w

 

 
( )( )375 10 0.150

w
w

T T

Mc
I I

σ
×

= =  

 
( )( )35.615 75 10 0.200

a
a

T T

nMc
I I

σ
×

= =  

 

(b) For 15 MPawσ =  23.8 mmw =  

 For 135 MPaaσ =  16.54 mmw =  

 Therefore ................................................................................................ Ans. min 23.8 mmw =
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 ( )2 23 1 4 2.356 in.sA π = =   

  ( ) 212 2.356 28.27 in.T sA nA= = =

 ( ) (10 2 28.27 18h h h= − )  

  25 28.27 508.86 0h h+ − =
From which:  7.650 in.h = 18 10.350 in.h− =  
 

 
( )( ) ( )( )

3
2 410 7.650

28.27 10.350 4521 in.
3TI = + =  

 
( )( )

( )
12 7.650

1000 psi
4521

c
c

T

MMy
I

σ
×

= = ≤  

 49,248 lb ftM ≤ ⋅  

 
( )( )

( )
12 12 10.350

18,000 psi
4521

s
s

T

MnMy
I

σ
×

= = ≤  

 54,601 lb ftM ≤ ⋅  

Therefore: ................................................................................................. Ans. max 49.2 kip ftM = ⋅
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200 13.333
15

s

c

En
E

= = =  

 ( )2 24 15 4 706.9 mmsA π = =   

  ( ) 213.333 706.9 9425 mmT sA nA= = =

 ( ) (200 2 9425 275h h h= − )  

  2 94.25 25,919 0h h+ − =

From which:  120.62 mmh = 275 154.38 mmh− =  
 

 
( )( ) ( )( ) ( )

3
2 6 4200 120.62

9425 154.38 341.6 10  mm
3TI = + =  

 
( )( )

( ) ( )6 2
6

15,000 0.12062
5.30 10  N/m

341.6 10
c

c
T

My
I

σ = = =
×

 

 5.30 MPa (C)cσ = ............................................................................................................... Ans. 

 ( ) ( )( )
( )

154.38 13.333 5.297
90.4 MPa (T)

120.62
s

s c
c

y n
y

σ σ
×

= = = ...................................... Ans. 
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30,000 13.636
2200

s

c

En
E

= = =  

 
( )( )22

max

820 13
17,322 lb ft

8 8
wLM = = = ⋅  

 ( )2 23 0.75 4 1.3254 in.sA π = =   

  ( ) 213.636 1.3254 18.073 in.T sA nA= = =

 ( ) (10 2 18.073 15.5h h h= − )  

  2 3.615 56.02 0h h+ − =
From which:  5.892 in.h = 15.5 9.608 in.h− =  

 
( )( ) ( )( )

3
2 410 5.892

18.073 9.608 2350 in.
3TI = + =  

 
( )( )

( )
17.322 12 5.892

0.5212 ksi 0.521 ksi (C)
2350

c
c

T

My
I

σ
×

= = = ≅ .............................. Ans. 

 ( ) ( )( )
( )

9.608 13.636 0.5212
11.59 ksi (T)

5.892
s

s c
c

y n
y

σ σ
×

= = = ....................................... Ans. 
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 12s

c

En
E

= =  

 
( ) ( )

22

max

3 43 1.5  N m
32 32

wwLM w= = = ⋅  

 ( )2 23 16 4 603.2 mmsA π = =   

  ( ) 212 603.2 7238 mmT sA nA= = =

 ( ) (200 2 7238 300h h h= − )  

  2 72.38 21,714 0h h+ − =

From which:  115.55 mmh = 300 184.45 mmh− =  

 
( )( ) ( )( ) ( )

3
2 6 4200 115.55

7238 184.45 349.1 10  mm
3TI = + =  

 
( )( )
( ) ( )6 2

6

1.5 0.11555
6.5 10  N/m

349.1 10
c

c
T

wMy
I

σ
−

= = ≤
×

  ( )313.092 10  N/mw ≤

 
( )( )
( ) ( )6 2

6

12 1.5 0.18445
120 10  N/m

349.1 10
s

s
T

wnMy
I

σ
−

= = ≤
×

  ( )312.618 10  N/mw ≤

Therefore: ................................................................................................. Ans. max 12.62 kN/mw =
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30,000 12.5
2400

s

c

En
E

= = =  
( ) ( )

22

max

12
18  lb ft

8 8
wwLM w= = = ⋅  

 ( )2 23 0.875 4 1.8040 in.sA π = =   

 ( ) 212.5 1.8040 22.55 in.T sA nA= = =  

 ( ) (8 2 22.55 16h h h= − )  

  24 22.55 360.8 0h h+ − =
From which:  7.088 in.h = 16 8.912 in.h− =  

 
( )( ) ( )( )

3
2 48 7.088

22.55 8.912 2741 in.
3TI = + =  

 
( )( )

( )
18 12 7.088

1000 psi
2741

c
c

T

wMy
I

σ
×

= = ≤  1790.3 lb/ftw ≤  

 
( )( )

( )
12.5 18 12 8.912

16,000 psi
2741

s
s

T

wnMy
I

σ
×

= = ≤  1822.6 lb/ftw ≤  

Therefore: ..................................................................................................... Ans. max 1790 lb/ftw =
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198 12
16.5

s

c

En
E

= = =  

 ( ) (300 2 12 500sh h A h= − )  

 
212.5

500s
hA

h
=

−
 

 ( )67 10  N/mc
c

T T

My Mh
I I

σ = = ≤ 2  (a) 

 
( ) ( )612 500

125 10  N/ms
s

T T

M hnMy
I I

σ
−

= = ≤ 2  (b) 

From Eqs. (a) and (b):  ( )84 500 125h h− = 200.95 mmh =  

(a) 
( )22

212.5 200.9512.5 1688 mm
500 500 200.95s

hA
h

= = =
− −

................................................................... Ans. 

(b) 
( )( ) ( )( ) ( )

3
2 6 4300 200.95

12 1688 299.05 2623 10  mm
3TI = + =  

 
( )( )

( )

6 6

max

7 10 2623 10
91,370 N m

0.20095
c TIM
h

σ
−× ×

= = = ⋅  

 ............................................................................................................... Ans. max 91.4 kN mM = ⋅
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30,000 12.5
2400

s

c

En
E

= = =  

 
( )( )22

max

1000 16
32,000 lb ft

8 8
wLM = = = ⋅  

 
( )32,000 12

800 psic
c

T T

hMy
I I

σ
×

= = ≤  (a) 

 
( )12.5 32,000 12

16,000 psis
s

T T

bnMy
I I

σ
×

= = ≤  (b) 

From Eqs. (a) and (b): 480 300TI h b= =  0.625h b=  

 ( )10 2 12.5s sh h nA b A b= =  
( )22 5 0.6255 0.15625

12.5 12.5s

bhA b
b b

= = =  

 
( )( ) ( ) ( )( ) ( )( )

3 3
2 2 310 10 0.625

12.5 0.15625 2.767
3 3T s

h b
I nA b b b b= + = + =  

Therefore 32.767 300TI b b= =  10.413 in.b =  

  ( )0.625 0.625 10.413 6.508 in.h b= = =

(a) ............................................................. Ans. ( ) 20.15625 0.15625 10.413 1.627 in.sA b= = =

(b) .............................................................................. Ans. 6.508 10.413 16.92 in.d h b= + = + =
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From the curved beam formula: 

 
( ) ( )

11 10 10.49206
ln ln 1.1

o i

o i

r r d dR d
r r
− −

= = =  

  10.49206 10.5 0.00794C Cy R R d d= − = − = − d

 
( )

( )( )( )max 2

0.49206 6.197
10 0.00794

i

i C

M dMy M
r Ay d td d td

σ −
= = =

−
 

From the flexure formula: 
( )

( )max 23

2 6
12

M dMc M
I tdtd

σ
−− −

= = =  

 ( )6.197 6 100 3.18%
6.197

Error −
= = ..................................................................................... Ans. 
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( ) ( )o i

o i
o C i C

M R r M R r
r Ay r Ay

σ σ
− − −

= − = =  

  ( ) (o i i or R r r r R− = − )
 ( ) (14 6 6 14 )R R− = −  

Which gives  8.400 in.R =

  ( ) ( ) ( ) 22 8 1 2 2 16  in.A b b= × + × = +
dAA R
ρ

= ∫  

Using Table B-20 

 ( ) ( )8 14ln 2 1 ln 0.28768 1.69750
6 6

dA b b
ρ

   = + = +      ∫  

  ( )(2 16 8.400 0.28768 2.26996b b+ = + )
 .............................................................................................................................. Ans. 4.24 in.b =
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  450 100 550 mmCR = + =

  ( ) ( ) 22 50 150 75 100 22,500 mmA = × + × =

 
dAA R
ρ

= ∫  

Using Table B-20 

 ( ) ( ) ( )500 600 650150 ln 75 ln 150 ln 41.484 mm
450 500 600

dA
ρ

= + + =∫  

  ( )22,500 41.484R= 542.4 mmR =  

  542.4 550 7.600 mmC Cy R R= − = − = −

 
( ) ( )( )

( )( )( )
20,000 0.5424 0.450

0.450 0.0225 0.00760
i

i
i C

M R r
r Ay

σ
− −

= =
−

 

 .................................................................. Ans. ( )6 224.0 10  N/m 24.0 MPa (C)iσ = − =

 
( ) ( )( )

( )( )( )
20,000 0.5424 0.650

0.650 0.0225 0.00760
o

o
o C

M R r
r Ay

σ
− −

= =
−

 

 ............................................................. Ans. ( )6 219.36 10  N/m 19.36 MPa (T)oσ = + =
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7-173*  
  ( ) ( ) ( ) 28 2 4 2 4 2 32 in.A = × + × + × =

 
( )( ) ( )( ) ( )( )11 8 2 14 4 2 17 4 2

13.25 in.
32CR

× + × + ×
= =  

 
dAA R
ρ

= ∫  

Using Table B-20 

 ( ) ( ) ( )12 16 188 ln 2 ln 4 ln 2.5051 in.
10 12 16

dA
ρ

= + + =∫  

  ( )32 2.5051R= 12.774 in.R =  

  12.774 13.25 0.4760 in.C Cy R R= − = − = −

 
( ) ( )( )

( )( )( )
30 12 12.774 10

6.56 ksi 6.56 ksi (T)
10 32 0.4760

i
i

i C

M R r
r Ay

σ
− − × −

= = = + =
−

.................. Ans. 

 
( ) ( )( )

( )( )( )
30 12 12.774 18

6.86 ksi 6.86 ksi (C)
18 32 0.4760

o
o

o C

M R r
r Ay

σ
− − × −

= = = − =
−

................. Ans. 
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7-174*  
  75 150 225 mmCR = + = ( ) ( ) 2250 300 150 200 45,000 mmA = × − × =  

Using Table B-20 

 ( ) ( ) ( )125 325 375250 ln 2 50 ln 250 ln 259.0 mm
75 125 325

dA
ρ

= + + =∫  

 
dAA R
ρ

= ∫  ( )45,000 259.0R=  173.75 mmR =  

  173.75 225 51.25 mmC Cy R R= − = − = −

 
( ) ( )

( )( )( ) ( )6 20.17375 0.075
140 10  N/m

0.075 0.0450 0.05125
i

i
i C

M R r M
r Ay

σ
− −

= = ≤ −
−

 

 ( )3245 10  N mM ≤ ⋅  

 
( ) ( )

( )( )( ) ( )6 20.17375 0.375
35 10  N/m

0.375 0.0450 0.05125
o

o
o C

M R r M
r Ay

σ
− −

= = ≤
−

 

 ( )3150.4 10  N mM ≤ ⋅  

Therefore: ............................................................................................... Ans. max 150.4 kN mM = ⋅
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7-175  
  ( ) ( ) 21.5 0.75 1.5 3 5.625 in.A = × + × =

 ( ) ( )

3 6

2.25 3

2

42 3
3 3

3 4 6 12ln 3 2.25 3ln 6 3
2.25 3 3 3

1.50408 5.625 in.

dA d dA R R

R

R

ρ ρ ρ ρ
ρ ρ

    = = − + + −        
    = − + − + − −        

= =

∫ ∫ ∫ ρ

 

 
5.625 3.7398 in.

1.50408
R = =  

  3.7398 4.00 0.2602 in.C Cy R R= − = − = −

 
( ) ( )( )

( )( )( )
70 3.7398 2.25

31.7 ksi 31.7 ksi (T)
2.25 5.625 0.2602

i
i

i C

M R r
r Ay

σ
− − −

= = = + =
−

................ Ans. 

 
( ) ( )( )

( )( )( )
70 3.7398 6.00

18.02 ksi 18.02 ksi (C)
6.00 5.625 0.2602

o
o

o C

M R r
r Ay

σ
− − −

= = = − =
−

.......... Ans. 
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7-176*  
  1500 kN (T)F = 500 kNzV =  

  ( )500 1 500 kN myM = − × = − ⋅

 
( )

( )
( )( )
( )

( ) ( )

3 3

2 2 4 4

6 6 2

1500 10 500 10 0.200

0.400 0.300 4 0.200 0.150 4

27.28 10 116.41 10  N/m 143.69 MPa (T)

xA
F Mc
A I

σ

π π

= +

×
= +

− −

= + =

 

 0 MPayA xyAσ τ= =  

 1 143.7 MPa (T)pσ = .......................................................... Ans. 

 2 3 0 MPap pσ σ= = ............................................................. Ans. 

 ( ) ( )max 1 2 2 143.69 0 2 71.8 MPap p pτ τ σ σ= = − = − = ............................................ Ans. 
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7-177*  
  150 kip (C)P = ( )( )150 2 300 kip in.M = = ⋅  

  ( ) 22 2 6 24 inA = × =

 
( ) ( )( ) ( ) ( )( )

( )( )
3 2 6 7 6 2

5.00 in.
2 6 2

y
C

M
x

A
+      = = =

  
 

 
( )( ) ( )( ) ( )( )3 3 3

42 5 6 3 4 1
136.00 in.

3 3 3yI = + − =  

 
( )( )300 5150 4.78 ksi (T)

24 136yC
P Mc
A I

σ − −
= + = + = ..................... Ans. 

 
( )( )300 3150 12.87 ksi 12.87 ksi (C)

24 136yD
P Mc
A I

σ − −
= − = − = − = .......................... Ans. 
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7-178  
0 :yF↑Σ =  4060 5210 0P + − =  

0 :cutMΣ =  ( )( ) ( )( )4060 0.016 5210 0.037 0M − − =  

  1150 N (C)P = 257.73 N myM = ⋅  

(a) Solid: ( )2 227 4 572.6 mmA π= =  

 ( ) ( )4 3 427 64 26.09 10  mmI π= =  

 ( )
( )( )

( )
( )( )

6 9

6 2

257.3 0.01351150
572.6 10 26.09 10

2.0084 133.36 10  N/m

xA
F Mc
A I

σ
− −

− −
= ± = ±

= − ±

 

 max 131.4 MPa 131.4 MPa (T)Tσ = + = ........................................................................... Ans. 

 max 135.4 MPa 135.4 MPa (C)Cσ = − = ........................................................................... Ans. 

(b) Hollow: ( )2 227 16 4 371.5 mmA π= − = 2  

 ( ) ( )4 4 327 16 64 22.87 10  mmI π= − = 4  

 
( )

( )( )
( ) ( )( )6 2

6 9

257.3 0.01351150 3.096 152.14 10  N/m
371.5 10 22.87 10xAσ

− −

−
= ± = − ±  

 max 149.0 MPa 149.0 MPa (T)Tσ = + = ........................................................................... Ans. 

 max 155.2 MPa 155.2 MPa (C)Cσ = − = ........................................................................... Ans. 
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7-179*  
  50 kip (T)P = 5 kipyV =  

  ( )( )5 24 120 kip in.zM = = ⋅

  30 kip in.T = ⋅

 ( )4 44 64 12.5664 in.zI π= =  

  42 25.1327 in.zJ I= =

 
( )32 3

32 24 2 5.3333 in.
3 2 3 3C

r r rQ y A π
π

  = = = = =  
  

 

 
( )
( )2

50
3.979 ksi (T)

4 4xA
P
A

σ
π

= = =  0 ksiyAσ =  

 
( )( )
( )

( )( )
( )( )

30 2 5 5.3333
1.8575 ksi

25.1327 12.5664 4
y

xyA
z

V QTc
J I t

τ = − = − =  

 

( )

2
2

1, 2

2
2

2 2

3.979 0 3.979 0 1.8575
2 2

x y x y
p p xy

σ σ σ σ
σ τ

+ − 
= ± + 

 

+ − = ± + 
 

 

 1 1.9895 2.7218 4.7113 ksi 4.71 ksi (T)pσ = + = + ≅ .................................................... Ans. 

 2 1.9895 2.7218 0.7323 ksi 0.732 ksi (C)pσ = − = − ≅ ................................................. Ans. 

 3 0 ksipσ = .............................................................................................................................. Ans. 

 ( ) ( )max 1 2 2 4.7113 0.7323 2 2.72 ksip p pτ τ σ σ= = − = + = .................................... Ans. 

 
( )

( )
1 12 2 1.85751 1tan tan 21.52

2 2 3.979 0
xy

p
x y

τ
θ

σ σ
− −= = =

− −
° .................................................... Ans. 
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7-180  
  40 kN (T)P = ( )( )40 0.65919 26.37 kN mM = = ⋅  

  ( ) ( ) ( ) 2100 50 30 80 60 20 8600 mmA = × + × + × =

 
( )( ) ( )( ) ( )( )25 100 50 90 30 80 140 60 20

59.19 mm
8600Cx

× + × + ×
= =  

 

( ) ( )( )

( ) ( )( ) ( ) ( )(

( )

3
2

3 3
2 2

6 4

100 50
100 50 34.19

12

30 80 60 20
        30 80 30.81 60 20 80.81

12 12

18.321 10  mm

yI
 

= + × 
  

  
+ + × + + ×  
    

=

)




 

 
( )

( )( )
( )6 6

26.37 0.0908140,000
8600 10 18.321 10CD

P Mc
A I

σ
− −

= + = +  

 ..................................................................... Ans. ( )6 289.845 10  N/m 89.8 MPa (T)CDσ = =

 
( )

( )( )
( )6 6

26.37 0.0591940,000
8600 10 18.321 10EF

P Mc
A I

σ
− −

= − = −  

 ................................................................... Ans. ( )6 2126.1 10  N/m 126.1 MPa (C)EFσ = − =
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7-181  
  15 kip (C)P =

  ( )( )15 12 180 kip in.M = = ⋅

  ( ) 25 12 60 inA = × =

 ( )( )3 45 12 12 720 in.I = =  

 
( )( )180 615 1.250 ksi (T)

60 720A
P Mc
A I

σ − −
= + = + =  

 1.250 ksi (T)Aσ = ...........................................................Ans. 

 
( )( )180 615

60 720B
P Mc
A I

σ − −
= − = −  

 1.750 ksi 1.750 ksi (C)Bσ = − = ..................................Ans. 
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7-182*  
0 :xF→Σ =   25 0P− − = 25 kN 25 kN (C)P = − =  

0 :yF↑Σ =   30 0V − = 30 kNV =  

0 :cutMΣ =  ( )( ) ( )( )25 0.350 30 1.25 0M− − − =  

  46.25 kN m 46.25 kN m M = − ⋅ = ⋅

  ( ) 2100 150 15,000 mmA = × =

 ( )( ) ( )3 6 4100 150 12 28.13 10  mmI = =  

 
( )

( )
( )( )

( ) ( )6 2
3 6

25,000 46,250 0.075
121.64 10  N/m

15.00 10 28.13 10top
P Mc
A I

σ
− −

−
= + = + = +  

 
( )

( )
( )( )

( ) ( )6 2
3 6

25,000 46,250 0.075
124.98 10  N/m

15.00 10 28.13 10bottom
P Mc
A I

σ
− −

−
= − = − = −  

Therefore: max 125.0 MPa (C)σ = ............................................................................................ Ans. 
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7-183*  
  450 lb (T)P = ( )( )450 3 1350 lb in.M = = ⋅  

  ( ) ( ) 20.5 0.5  inA h h= × =

 ( )( ) ( )3 3 40.5 12 24  in.I h h= =  

 
( )( )

3

1350 2450 16,000 psi
0.5 24

hP Mc
A I h h

σ = + = + ≤  

  216,000 900 16,200 0h h− − ≥

 .......................................................................Ans. 1.035 in.h ≥
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7-184  
0 :xF→Σ =   30 0P − = 30 kN (C)P =  

0 :yF↑Σ =   40 0V− = 40 kNV =  

0 :cutMΣ =  ( )( ) ( )( )30 0.750 40 1.20 0M + − =  

  25.5 kN m M = ⋅

  ( ) ( ) 22 50 150 100 75 22,500 mmA = × + × =

 
( )( ) ( )( ) ( )

3 3
6 4150 200 75 100

93.75 10  mm
12 12

I = − =  

 
( )

( )
( )( )

( )3 6

30,000 25,500 0.100
22.5 10 93.75 10BB

P Mc
A I

σ
− −

−−
= ± = ±  

Therefore: ........................................... Ans. ( )6 2
max 25.9 10  N/m 25.9 MPa (T)L Tσ σ= = + =

 ........................................... Ans. ( )6 2
max 28.5 10  N/m 28.5 MPa (C)R Cσ σ= = − =
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7-185  
  80 lb (T)P =

  ( )( )80 3 240 lb in.M = = ⋅

  ( ) 20.5 0.1875 0.093750 inA = × =

 ( )( ) ( )3 3 40.1875 0.5 12 1.9531 10  in.I −= =  

 
( )( )

( ) ( )3

240 0.2580 853.33 30,720  psi
0.09375 1.9531 10

P Mc
A I

σ
−

= ± = + = ±  

Therefore: max 31.6 ksi 31.6 ksi (T)L Tσ σ= = + = ............................................................... Ans. 

 max 29.9 ksi 29.9 ksi (C)R Cσ σ= = − = .............................................................. Ans. 
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7-186*  
   780 kN (T)P = 10 kNyV =

  ( )10 0.700 7.00 kN mzM = × = ⋅

  14.0 5.6 19.6 kN mT = + = ⋅

 ( )2 2150 4 17,671 mmA π= =  

 ( ) ( )4 6 4150 64 24.85 10  mmI π= =  

  ( )6 42 49.70 10  mmJ I= =

 

( )
( )

( )( )
( )

( ) ( )

3

3 6

6 6 2

780 10 7000 0.075
17.671 10 24.850 10

44.14 10 21.13 10  N/m 23.01 MPa (T)

xA
P Mc
A I

σ
− −

= − = −

= − =

 

 0 MPayAσ =  

 

( )( )
( )

( )

6

6 2

19,600 0.075
0

49.70 10

29.58 10  N/m 29.58 MPa

y
xyA

z

V QTc
J I t

τ
−

= + = +

= =

 

 

 ( )
2 2

22
1, 2

23.01 0 23.01 0 29.58
2 2 2 2

x y x y
p p xy

σ σ σ σ
σ τ

+ −  + − = ± + = ± +   
  

 

 1 11.505 31.74 43.245 MPa 43.2 MPa (T)pσ = + = ≅ ................................................. Ans. 

 2 11.505 31.74 20.235 MPa 20.2 MPa (C)pσ = − = − ≅ .............................................. Ans. 

 3 0 MPapσ = ........................................................................................................................... Ans. 

 
( ) ( )1 2

max

43.245 20.235
31.7 MPa

2 2
p p

p

σ σ
τ τ

− − −
= = = = ...................................... Ans. 
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7-187*  
0 :xF→Σ =   30cos30 0xA Q− + ° =

0 :yF↑Σ =   30sin 30 0yA − ° =

0 :AMΣ =  ( )( ) ( )( )5.5 11 30cos30 4 30sin 30 0Q − ° − ° =  

  62.87 lbQ =

  36.89 lbxA = 15.00 lbyA =  

 ( )1tan 5.5 4 53.97θ −= = °  

0 :nFΣ =Z  36.89cos 15.00sin 0Nθ θ+ − =  

0 :tFΣ =^  15.00cos 36.89sin 0V θ θ+ − =  

0 :cutMΣ =  ( )( ) ( )( )36.89 2.75 15.00 2 0M + − =  

  33.83 lbN = 21.01 lbV =  

  71.45 lb in. 71.45 lb in. M = − ⋅ = ⋅

  ( ) 20.18750 1 0.18750 in.A = × =

 ( )( )3 40.18750 1 12 0.015625 in.I = =  

 
( ) ( )( )33.83 71.45 0.500

2106 psi
0.18750 0.015625top

N Mc
A I

σ
−−

= + = + = +  

 
( ) ( )( )33.83 71.45 0.500

2467 psi
0.18750 0.015625bottom

N Mc
A I

σ
−−

= − = − = −  

Therefore: max 2.11 ksi 2.11 ksi (T)top Tσ σ= = + = ............................................................. Ans. 

 max 2.47 ksi 2.47 ksi (C)bottom Cσ σ= = − = ........................................................ Ans. 
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7-188  
  1430cos16 1374.6 mma = ° = ( )( )360 9.807 3531 NW mg= = =  

  1430sin16 394.2 mmb = ° =

 1 1374.6 890tan 20.53
394.2 900

φ − −
= =

+
°  

0 :xF→Σ =   sin 20.53 0xA B+ ° =

0 :yF↑Σ =   cos 20.53 3531 0yA B+ °− =

0 :AMΣ =  ( )( ) ( )( ) ( )( )cos 20.53 1374.6 sin 20.53 394.2 3531 2700cos16 0B B° − ° − ° =  

  7976 NB =
  2797 NxA = − 3938 NyA = −  

0 :nFΣ =Z   2797 cos16 3938sin16 0P − °− ° =

0 :tFΣ =^   2797sin16 3938cos16 0V + °− ° =

  3774 NP = 3014 NV =  

0 :cutMΣ =  ( )( ) ( )( )3938 0.530cos16 2797 0.530sin16 0M + ° − ° =  

  1597.7 N m 1597.7 N m M = − ⋅ = ⋅

  ( ) ( ) 2100 100 60 60 6400 mmA = × − × =

 
( )( ) ( )( ) ( )

3 3
6 4100 100 60 60

7.253 10  mm
12 12

I = − =  

 
( )

( )
( )( )

( ) ( )6 2
6 6

3774 1597.7 0.050
11.60 10  N/m

6400 10 7.253 10top
P Mc
A I

σ
− −

= + = + = +  

 max 11.60 MPa (T)top Tσ σ= = ..................................................................................... Ans. 

 
( )

( )
( )( )

( ) ( )6 2
6 6

3774 1597.7 0.050
10.42 10  N/m

6400 10 7.253 10bottom
P Mc
A I

σ
− −

= − = − = −  

 max 10.42 MPa (C)bottom Cσ σ= = ................................................................................. Ans. 
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7-189*  
  ( ) 26 4 24 in.A = × =

 
( )( )3

46 4
32 in.

12xI = =  

 
( )( )3

44 6
72 in.

12yI = =  

 

   9600 lb (C)P = 800 lbxV =

  ( )( )9600 1 9600 lb in.xM = = ⋅

  ( )( )800 24 19, 200 lb in.yM = = ⋅

 

 
9600 400 psi (C)

24P
P
A

σ = = =  

 
( )( )9600 2

600 psi (T & C)
32x

x
M

x

M c
I

σ = = =  

 
( )( )19,200 3

800 psi (T & C)
72y

y
M

y

M c
I

σ = = =  

 400 600 800 1000 psi 1000 psi (T)Aσ = − + + = + = .............................................. Ans. 

 400 600 800 200 psi 200 psi (C)Bσ = − − + = − = .................................................. Ans. 

 400 600 800 1800 psi 1800 psi (C)Cσ = − − − = − = ............................................. Ans. 

 400 600 800 600 psi 600 psi (C)Dσ = − + − = − = ................................................. Ans. 
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By symmetry, each support carries half of the total weight.  Then, 
  10 kNV =

  ( )( ) ( )( )30 2 10 2 1 40.00 kN mM = − × = ⋅

 
( ) ( ) ( )

4 4
6 4604 600

2741 10  mm
4 4

I
π π

= − =  

 

( ) ( )

( )

3 32 3

6 3

2 604 2 6004 2
3 2 3 3 3

2.899 10  mm

C
r r rQ y A π
π

  = = = = −  
  

=

 

Stresses due to the internal pressure: 

 
( )( )

( ) ( )
3

6 2
200 10 0.600

15.00 10  N/m  (T)
2 2 0.004x axial
pr
t

σ σ
×

= = = =  

  ( )6 22 30.00 10  N/m  (T)y hoop axialσ σ σ= = =

 
At A:  

 15.00 MPaxσ =  30.00 MPayσ =  

 

( )( )
( )( )
( )

3

6

6 2

10,000 2.899 10

2741 10 0.008

1.3221 10  N/m 1.3221 MPa

xy
VQ
It

τ
−

−

− ×−
= =

×

= − = −

 

 ( )
2 2

22
1, 2

15 30 15 30 1.3221
2 2 2 2

x y x y
p p xy

σ σ σ σ
σ τ

+ −  + − = ± + = ± + −   
  

 

 1 22.500 7.616 30.116 MPa 30.1 MPa (T)pσ = + = + ≅ ............................................... Ans. 

 2 22.500 7.616 14.884 MPa 14.88 MPa (T)pσ = − = + ≅ ............................................ Ans. 

 3 0 MPapσ = ........................................................................................................................... Ans. 

 
( )max min

max

30.116 0
15.06 MPa

2 2
σ στ

−−
= = = ............................................................ Ans. 

 
At B:  

 
( ) ( )( )

( )
( )

6
6

6 2

40,000 0.604
15 10

2 2741 10

6.186 10  N/m 6.186 MPa (T)

x
pr Mc
t I

σ
−

= − = −
×

= + =

 

 30.00 MPayσ =  0 MPaxyτ =  
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Since 0 MPaxyτ =  these are principal stresses and 

 1 30.0 MPa 30.0 MPa (T)p yσ σ= = + = .......................................................................... Ans. 

 2 6.186 MPa 6.19 MPa (T)p xσ σ= = + ≅ ....................................................................... Ans. 

 3 0 MPapσ = ........................................................................................................................... Ans. 

 
( )max min

max

30.0 0
15.00 MPa

2 2
σ στ

−−
= = = ................................................................. Ans. 
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  ( )( ) ( ) 21  iA t t= = n ( )( ) ( )
33

3 41
0.08333  in.

12 12
tbhI t= = =  

 
P McE
A I

σ ε= = +  

 ( )( ) ( )( )6 6
3

110 211010.6 10 1000 10
0.08333

h t
t t

−× × = +  

which gives  21767 18.33 110t t− = h
 
 h (in.) t (in.) 
 0 0.0000 
 0.25 0.1246 
 0.50 0.1713 
 0.75 0.2110 
 1.00 0.2444 
 1.25 0.2738 
 1.50 0.3004 
 1.75 0.3249 
 2.00 0.3477 
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( )( ) ( )

3
6 4200 150

56.25 10  mm
12xI = =  ( ) 2200 150 30,000 mmA = × =  

 
( )( ) ( )

3
6 4150 200

100.0 10  mm
12yI = =  

  75 kN (C)P =

  ( )( )75 0.075 5.625 kN mxM = = ⋅

  ( )( )75 0.050 3.750 kN myM = = ⋅

 
( ) ( )6 2

3

75,000 2.50 10  N/m  (C)
30 10P

P
A

σ
−

= = =  

 
( )( )

( ) ( )6 2
6

5625 0.075
7.50 10  N/m  (T & C)

56.25 10x

x
M

x

M c
I

σ
−

= = =  

 
( )( )

( ) ( )6 2
6

3750 0.100
3.75 10  N/m  (T & C)

100.0 10y

y
M

y

M c
I

σ
−

= = =  

 2.50 7.50 3.75 8.75 MPa 8.75 MPa (T)Aσ = − + + = + = ..................................... Ans. 

 2.50 7.50 3.75 1.25 MPa 1.25 MPa (T)Bσ = − + − = + = ...................................... Ans. 

 2.50 7.50 3.75 13.75 MPa 13.75 MPa (C)Cσ = − − − = − = ................................. Ans. 

 2.50 7.50 3.75 6.25 MPa 6.25 MPa (C)Dσ = − − + = − = ..................................... Ans. 
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 ( )( )3 46 4 12 32 in.xI = =  ( ) 26 4 24 in.A = × =  

 ( )( )3 44 6 12 72 in.yI = =  

  4000 lb (C)P =

  ( )( ) ( )( )400 24 4000 1 13,600 lb in.xM = + = ⋅

  ( )( )500 24 12,000 lb in.zM = = ⋅

Neither V  nor V  contributes to the stresses at the corners. x z

 
4000 166.67 psi (C)
24P

P
A

σ = = =  

 
( )( )13,600 2

850 psi (T & C)
32x

x
M

x

M c
I

σ = = =  

 
( )( )12,000 3

500 psi (T & C)
72z

z
M

z

M c
I

σ = = =  

 166.67 850 500 1183 psi 1183 psi (T)Aσ = − + + = + = ........................................ Ans. 

 166.67 850 500 517 psi 517 psi (C)Bσ = − − + = − = ............................................ Ans. 

 166.67 850 500 1517 psi 1517 psi (C)Cσ = − − − = − = ........................................ Ans. 

 166.67 850 500 183.3 psi 183.3 psi (T)Dσ = − + − = + = ...................................... Ans. 
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  ( ) 2200 150 30,000 mmA = × =

 
( )( ) ( )

3
6 4200 150

56.25 10  mm
12xI = =  

 
( )( ) ( )

3
6 4150 200

100.0 10  mm
12zI = =  

  75 kN (C)P =

  ( )( )75 0.075 5.625 kN mxM = = ⋅

  ( )( ) ( )( )15 0.5 75 0.050 3.750 kN mzM = − = ⋅

 
( ) ( )6 2

3

75,000 2.50 10  N/m  (C)
30 10P

P
A

σ
−

= = =  

 
( )( )

( ) ( )6 2
6

5625 0.075
7.50 10  N/m  (T & C)

56.25 10x

x
M

x

M c
I

σ
−

= = =  

 
( )( )

( ) ( )6 2
6

3750 0.100
3.75 10  N/m  (T & C)

100.0 10z

z
M

z

M c
I

σ
−

= = =  

 2.50 7.50 3.75 1.25 MPa 1.25 MPa (T)Aσ = − + − = + = ...................................... Ans. 

 2.50 7.50 3.75 8.75 MPa 8.75 MPa (T)Bσ = − + + = + = ..................................... Ans. 

 2.50 7.50 3.75 6.25 MPa 6.25 MPa (C)Cσ = − − + = − = ..................................... Ans. 

 2.50 7.50 3.75 13.75 MPa 13.75 MPa (C)Dσ = − − − = − = ................................ Ans. 

 
1.250 13.25

150z z
=

′ ′−
 

  12.5 mmz′ =

 
8.75 6.25

150z z
=

′′ ′′−
 

  87.5 mmz′′ =
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 ( )1tan 9 16 29.357θ = = °  

0 :AMΣ =  

 ( )( ) ( )( ) ( )( )sin 64 27.5 16 27.5 48 0T θ − − =  

  56.10 lbT =
0 :xF→Σ =  56.10cos 0P θ− =  

0 :yF↑Σ =  27.5 56.10sin 0V θ− + =  

0 :cutMΣ =  ( )( ) ( )( )27.5 16 56.10sin 32 0M θ− − + =  

   48.89 lbP = 0 lbV = 440 lb in.M = ⋅  

(a) 
( )

( )( )
( )( )3

440 0.548.89 24.445 1320.0
1 2 2 1 12x

P Mc
A I

σ −
= − = − = − −

×
 

 1344.4 psi 1344 psi (C)xσ = − ≅  0 lby xyσ τ= =  

 Since xy 0τ =  these are principal stresses and 

 2 1344 psi (C)pσ = ........................... 1 3 0 lbp pσ σ= = ..................................................... Ans. 

 
( )1 2

max

0 1344.4
672 psi

2 2
p p

p

σ σ
τ τ

− − −
= = = = ......................................................... Ans. 

(b) 24.445 1320.0 1295.6 psi 1296 psi (T)x
P Mc
A I

σ = + = − + = + ≅  0 lby xyσ τ= =  

 Since xy 0τ =  these are principal stresses and 

 1 1296 psi (T)pσ = ............................ 2 3 0 lbp pσ σ= = .................................................... Ans. 

 1 2
max

1295.6 0 648 psi
2 2

p p
p

σ σ
τ τ

− −
= = = = ................................................................ Ans. 

(c) 24.445 0 24.445 psi 24.4 psi (C)x
P Mc
A I

σ = + = − + = − ≅  0 lbyσ =  

 Because 0V = , 0xyτ =  and these are principal stresses 

 2 24.4 psi (C)pσ = ............................ 1 3 0 lbp pσ σ= = ..................................................... Ans. 

 
( )1 2

max

0 24.445
12.22 psi

2 2
p p

p

σ σ
τ τ

− −
= = = = ......................................................... Ans. 
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 ( )2 2100 4 7854 mmA π= =  

 ( ) ( )4 6 4100 64 4.909 10  mmI π= =  

 ( )( ) ( )9 6 6 2
1 1 210 10 200 10 42.0 10  N/m 42.0 MPa (C)Eσ ε −= = × − × = − =  

 ( )( ) ( )9 6 6 2
2 2 210 10 820 10 172.2 10  N/m 172.2 MPa (T)Eσ ε −= = × × = =  

 ( )( ) ( )9 6 6 2
3 3 210 10 600 10 126.0 10  N/m 126.0 MPa (T)Eσ ε −= = × × = =  

 ( )( ) ( )9 6 6 2
4 4 210 10 420 10 88.2 10  N/m 88.2 MPa (C)Eσ ε −= = × − × = − =  

 1
zM cP

A I
σ = −  2

yM cP
A I

σ = +  

 3
zM cP

A I
σ = +  4

yM cP
A I

σ = −  

Therefore: 
( ) ( )( )( ) ( )

6 6
1 3 3

42.0 126.0 10 7854 10
329.9 10  N

2 2
A

P
σ σ −− + ×+

= = =  

 ............................................................................................................................. Ans. 330 kNP ≅

Similarly: 
( ) ( )( )( )

( ) ( )
6 6

2 4 3
172.2 88.2 10 4.909 10

12.783 10  N m
2 2 0.050y

I
M

c
σ σ −− ×−

= = = ⋅  

 ................................................................................................................ Ans. 12.78 kN myM ≅ ⋅

 
( ) ( )( )( )

( ) ( )
6 6

3 1 3
126.0 42.0 10 4.909 10

8.247 10  N m
2 2 0.050z

I
M

c
σ σ −+ ×−

= = = ⋅  

 ................................................................................................................... Ans. 8.25 kN mzM ≅ ⋅
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( ) ( )4 4

41 0.75
0.03356 in.

64 64
I

π π
= − =   42 0.06711 in.J I= =

  ( )( )50 18 900 lb in.xM = = ⋅

  ( )( )50 7 350 lb in.T = = ⋅ 50 lbzV =  

 
( )( )900 0.5

13, 409 psi (T, top; C, bottom)
0.003356

Mc
I

σ = = =  

 
( )( )350 0.50

2608 psi
0.06711

Tc
J

τ = = =  

On the top of the pipe: 

 ( )
2 2

22
1, 2

13, 409 0 13, 409 0 2608
2 2 2 2

x y x y
p p xy

σ σ σ σ
σ τ

+ −  + − = ± + = ± +   
  

 

 1 6705 7194 13,899 psi 13.90 ksi (T)pσ = + = + ≅ ........................................................ Ans. 

 2 6705 7194 489 psi 0.489 ksi (C)pσ = − = − ≅ ............................................................. Ans. 

 3 0 ksipσ = .............................................................................................................................. Ans. 

 
( ) ( )1 2

max

13,899 489
7194 psi 7.19 ksi

2 2
p p

p

σ σ
τ τ

− − −
= = = = ≅ ........................... Ans. 

On the bottom of the pipe: 

 ( )
2 2

22
1, 2

13, 409 0 13, 409 0 2608
2 2 2 2

x y x y
p p xy

σ σ σ σ
σ τ

+ −  − + − − = ± + = ± +   
  

 

 1 6705 7194 489 psi 0.489 ksi (T)pσ = − + = + ≅ ........................................................... Ans. 

 2 6705 7194 13,899 psi 13.90 ksi (C)pσ = − − = − ≅ ..................................................... Ans. 

 3 0 ksipσ = .............................................................................................................................. Ans. 

 
( ) ( )1 2

max

489 13,899
7194 psi 7.19 ksi

2 2
p p

p

σ σ
τ τ

− − −
= = = = ≅ .......................... Ans. 
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( ) ( )

4
6 4120

10.179 10  mm
64

I
π

= =  ( )6 42 20.358 10  mmJ I= =  

 
( ) ( )

3
3 3120

144.0 10  mm
12bQ = =  ( )( ) ( )( )30 0.250 5 0.250 6.25 kN mAT = − = ⋅  

For the horizontal plane: 

0 :BMΣ =    ( ) ( )( )2800 35 800 0CR − = 10.00 kN CR = Z

0 :CMΣ =    ( )( ) ( )35 2000 2800 0BR− = 25.00 kN BR = Z

For the horizontal plane: 

0 :BMΣ =   ( ) ( )( )2800 35 2000 0CR − = 25.00 kN CR = ↑  

0 :CMΣ =   ( )( ) ( )35 2000 800 0BR− = 10.00 kN BR = ↑  

 
From the shear-force and bending- 
moment diagrams: 

  10 kNAxV = −

  12 kN mAxM = ⋅

  10 kNAzV = +

  16 kN mAzM = ⋅

(Note that neither V  nor Az AzM   
affect the stresses at A.) 
 
Therefore: 

 
( )( )

( ) ( )6 2
6

12,000 0.060
70.73 10  N/m 70.73 MPa (C)

10.179 10x
Mc
I

σ
−

−−
= = = − =  

 
( )( )

( )
( )( )
( )( ) ( )

6
6 2

6 6

10,000 144 106250 0,060
19.60 10  N/m 19.60 MPa

20.358 10 10.179 10 0.120xy
Tc VQ
J It

τ
−

− −

×
= + = + = =

×
 

 ( )
2 2

22
1, 2

70.73 00 70.73 0 19.60
2 2 2 2

x y x y
p p xy

σ σ σ σ
σ τ

+ −  − + − − = ± + = ± +   
  

 

 1 35.365 40.433 5.068 MPa 5.07 MPa (T)pσ = − + = + ≅ ............................................ Ans. 

 2 35.365 40.433 75.798 MPa 76.0 MPa (C)pσ = − − = − ≅ ......................................... Ans. 

 3 0 MPapσ = ........................................................................................................................... Ans. 

 
( ) ( )1 2

max

5.068 75.798
40.4 MPa

2 2
p p

p

σ σ
τ τ

− − −
= = = = ......................................... Ans. 
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 ( )2 21 4 0.7854 in.A π= =  

 ( )4 41 64 0.04909 in.I π= =  

 

  ( )( )6 610 10 550 10 5500 psiA AEσ ε −= = × × =

  ( )( )6 610 10 400 10 4000 psiB BEσ ε −= = × × =

  ( )( )6 610 10 300 10 3000 psiC CEσ ε −= = × − × = −

 
( ) ( )( )3 3 0.50

5500 psi
0.7854 0.04909A A

P x c P xQ QE
A I

σ ε
+  + = = + = + =  (a) 

 
( ) ( )0.50

4000 psi
0.7854 0.04909B B

Px c PxQ QE
A I

σ ε= = + = + =  (b) 

 
( ) ( )0.50

3000 psi
0.7854 0.04909C C

Px c PxQ QE
A I

σ ε= = − = − = −  (c) 

From adding Eqs. (b) and (c): 392.7 lb 393 lbQ = ≅ ................................................. Ans. 

Then from Eq. (b):  343.63 lbPx =
and from Eq. (a):  3 490.90 lbPx P+ =
Combining these last two equations gives: 49.09 lb 49.1 lbP = ≅ ................................................ Ans. 

and 7.00 in.x = .................................................................... Ans. 
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   125 kN (C)P = 50 kNxV =

  ( )50 0.900 45.0 kN mzM = × = ⋅

 
( ) ( )2 2

2265 250
6067.2 mm

4 4
A

π π
= − =  

 
( ) ( ) ( )

4 4
6 4265 250

805.27 10  mm
4 4

I
π π

= − =  

 
( ) ( ) ( )

3 33
3 32 265 2 2502 1989.75 10  mm

3 3 3
rQ = = − =  

 
( )
( ) ( )

3
6 2

6

125 10
20.60 10  N/m  (C)

6067.2 10P
P
A

σ
−

= = =  

 
( )( )

( ) ( )
3

6 2
2500 10 0.250

20.833 10  N/m  (T)
2 2 0.015axial
pr
t

σ
×

= = =  

 ( )6 241.667 10  N/m  (T)hoop
pr
t

σ = =  

 
( )( )
( )( ) ( )

6
6 2

6

50,000 1989.75 10
4.118 10  N/m

805.27 10 0.030V
VQ
It

τ
−

−

×
= = =

×
 

Note that both A and B are on the neutral axis for bending and  
the bending moment does not affect the stress at either A or B.   
The affect of the other stresses is the same at both A and B. 

 41.667 MPa (T)xσ =  

 20.833 20.60 0.233 MPa (T)yσ = − =  

 4.118 MPaxyτ = −  
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7-200 (cont.) 
(a) 53.13nθ = − °  

  ( ) ( ) ( ) ( )
( ) ( ) ( )

2 2

2 2

cos sin 2 sin cos

41.667 cos 53.13 0.233 sin 53.13

                        2 4.118 sin 53.13 cos 53.13

n x n y n xy n nσ σ θ σ θ τ θ θ= + +

= − ° + − °

+ − − ° − °

 19.10 MPa 19.10 MPa (T)nσ = + = .......................................................................... Ans. 

 

( ) ( )
( ) ( ) ( ) ( )

( ) ( ) ( )

2 2

2 2

sin cos cos sin

41.667 0.233 sin 53.13 cos 53.13

                       4.118 cos 53.13 sin 53.13

nt x y xyτ σ σ θ θ τ θ θ= − − + −

= − − − ° − °  
 + − − ° − − ° 

 

 21.0 MPantτ = + ............................................................................................................. Ans. 

(b) ( )
2

2
1, 2

41.667 0.233 41.667 0.233 4.118
2 2p pσ + − = ± + − 

 
 

 1 20.950 21.122 42.072 MPa 42.1 MPa (T)pσ = + = ≅ ............................................... Ans. 

 2 20.950 21.122 0.172 MPa 0.172 MPa (C)pσ = − = − ≅ ........................................... Ans. 

 3 0 MPapσ = ........................................................................................................................... Ans. 

 
( ) ( )1 2

max

42.072 0.172
21.1 MPa

2 2
p p

p

σ σ
τ τ

− − −
= = = = ......................................... Ans. 
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 ( )2 24 4 12.566 in.A π= =  ( )4 44 64 12.566 in.zI π= =  

 ( )33 32 3 2 2 3 5.333 in.Q r= = =   42 25.133 in.J I= =

 

  18 kip (C)P = 2.25 kipxV =  

  ( )2.25 36 81.0 kip in.zM = × = ⋅

  ( )2.25 24 54.0 kip in.T = × = ⋅

 
18 1.4324 ksi (C)

12.566P
P
A

σ = = =  

 
( )( )81 2

12.892 ksi (T, at )
12.566z

z
M

z

M c A
I

σ = = =  

 
( )( )54 2

4.297 ksi
25.133T

Tc
J

τ = = =  

 
( )( )
( )( )
2.25 5.333

0.2387 ksi
12.566 4

x
V

z

V Q
I t

τ = = =  
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7-201 (cont.) 
Therefore, at A: 

 12.892 1.4324 11.459 ksixσ = − =  

 0 ksiyσ =  

 4.297 ksixyτ =  

 ( )
2 2

22
1, 2

11.459 0 11.459 0 4.297
2 2 2 2

x y x y
p p xy

σ σ σ σ
σ τ

+ −  + − = ± + = ± +   
  

 

 1 5.730 7.162 12.892 ksi 12.89 ksi (T)pσ = + = + ≅ ...................................................... Ans. 

 2 5.730 7.162 1.432 ksi 1.432 ksi (C)pσ = − = − ≅ ....................................................... Ans. 

 3 0 ksipσ = .............................................................................................................................. Ans. 

 
( ) ( )1 2

max

12.892 1.432
7.16 ksi

2 2
p p

p

σ σ
τ τ

− − −
= = = = ............................................. Ans. 

And at B: 
 1.4324 ksi 1.4324 ksi (C)xσ = − =  

 0 ksiyσ =  

 4.297 0.2387 4.536 ksixyτ = + =  

 ( )
2

2
1, 2

1.4324 0 1.4324 0 4.536
2 2p pσ − + − − = ± + 

 
 

 1 0.7162 4.592 3.876 ksi 3.88 ksi (T)pσ = − + = + ≅ ..................................................... Ans. 

 2 0.7162 4.592 5.308 ksi 5.31 ksi (C)pσ = − − = − ≅ ..................................................... Ans. 

 3 0 ksipσ = .............................................................................................................................. Ans. 

 
( ) ( )1 2

max

3.876 5.308
4.59 ksi

2 2
p p

p

σ σ
τ τ

− − −
= = = = ............................................... Ans. 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional 
purposes only to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of 
this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the 
copyright owner is unlawful. 



MECHANICS OF MATERIALS, 6th Edition RILEY, STURGES AND MORRIS 

7-202*  
 ( )1tan 3 5 30.96θ −= = °  
For the entire chair: 

0 :yF↑Σ =  84 28sin 0A B θ+ − − =  

0 :BMΣ =  ( )( ) ( )( ) ( ) ( )0.50.2 84 0.5 24 0.4 0.3 28 0
cos

A
θ

 − − + + 
 

 =

  73.82 NA =
  24.58 NB =
For member DF: 

0 :xF→Σ =   24 0x xD F− + =

0 :yF↑Σ =   84 0y yF D+ − =
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7-202* (cont.) 
0 :DMΣ =   ( )( ) ( )0.4 84 0.5 0yF− = 67.2 NyF =  

and  ( )24  Nx xD F= − 16.80 NyD =  

For member BCF: 

0 :xF→Σ =  28cos 0x xF C θ+ − =  

0 :yF↑Σ =  24.58 67.2 28sin 0yC θ+ − − =  

0 :DMΣ =  ( ) ( )(0.16670.3 28 0.1333 24.58
sinθ

 + + 
 

)  

 ( )( ) ( )0.1667 67.2 0.2777 0xF+ − =  

  115.1 NxF = 91.0 NxC = −  57.0 NyC =  

On a section midway between pins C and F: 

  500 mma b+ =
400 500
a b

=  

Therefore   222.2 mma = 277.8 mmb = 2 138.9 mmb =  

   133.3 mmc = 166.7 mmd = 2 83.4 mmd =  

0 :nFΣ =^   24.6cos30.96 57.0cos30.96 91.0sin 30.96 0P° + °+ ° − =

0 :cutMΣ =  ( )( ) ( )( ) ( )( )91.0 138.9 57.0 83.4 24.6 216.7 0M + − −  =

  2555 N mm 2.555 N m M = − ⋅ = ⋅

  ( ) 210 30 300 mmA = × =
( )( ) ( )

3
3 410 30

22.5 10  mm
12

I = =  

 
( )

( )
( )( )
( )6 9

116.79 2.555 0.015
300 10 22.5 10top

P Mc
A I

σ
− −

−−
= + = +

× ×
 

 ......................................................... Ans. ( )6 21.3140 10  N/m 1.314 MPa (T)topσ = + ≅

 
( )

( )
( )( )
( )6 9

116.79 2.555 0.015
300 10 22.5 10bottom

P Mc
A I

σ
− −

−−
= − = −

× ×
 

 ............................................................. Ans. ( )6 22.093 10  N/m 2.09 MPa (C)topσ = − ≅
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7-203*  

 
( )2

24
12.566 in.

4
A

π
= =  

( ) ( )
29,000 11,154 ksi

2 1 2 1 0.30
EG
ν

= = =
+ +

 

 
( )4

24
12.566 in.

64
I

π
= =   22 25.133 in.J I= =

 
( )33

32 22 5.333 in.
3 3
rQ = = =  

At gage A: 45 45xy
Tc VQ
J It

τ σ ° −= − = = −σ °  

 45 45
45

1
A

Tc VQ
E E J It

σ νσ νε ε° − °
°

− +  = = −  
=  

At gage C: 45 45xy
Tc VQ
J It

τ σ ° −= + = = −σ °  

 45 45
45

1
C

Tc VQ
E E J It

σ νσ νε ε° − °
°

− +  = = +  
=  

Therefore:  
12A C

Tc
E J
νε ε + + =  

 




 

which gives 
( )
( )

( )( )( )( )
( )( )

629,000 25.133 450 550 10
2 1 2 1 0.30 2

A CEJ
T

c
ε ε
ν

−++
= =

+ +
 

 .............................................................. Ans. 140.16 kip in. 140.2 kip in.T = ⋅ ≅ ⋅

Also 
12C A

VQ
E It
νε ε + − =  

 




 

which gives 
( )
( )

( )( )( )( )( )
( )( )

629,000 12.566 4 550 450 10
2 1 2 1 0.30 5.333

C AEIt
V

Q
ε ε
ν

−−−
= =

+ +
 

 ............................................................................ Ans. 10.513 kip 10.51 kipV = ≅

At gage B: 
( )( )
( )

140.16 2
11.153 ksi

25.133xy
Tc
J

τ = = =  

 
( ) ( )2

0.159160  ksi
12.566
MMc M

I
σ

−−
= = = −  

 ( )( ) ( )( ) ( )( )
( ) ( )

2 2cos 45 sin 45 sin 45 cos 45

0.5 0.5 0.5

1 2 1 2

B x y xy

x x xy

x xy

E v E G

E

ε ε ε γ

σ σ τ

σ ν τ ν

= °+ °+ °

= + − +

 = − + + 

°

 

 ( )( ) ( )( ) ( )( )62 29,000 325 10 0.159160 1 0.30 2 11.154 1 0.30M−× = − − + +  

 .............................................................................................. Ans. 91.1 kip in.M = ⋅
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7-204  

  ( )2 2450 440 27,960 mmA π= − = 2 ( ) ( )
3 3

3 3
2 450 440

3960.7 10  mm
3

Q
−

= =  

 
( ) ( )

4 4
6 4

450 440
2768.8 10  mm

4
I

π −
= =   ( )6 42 5537.5 10  mmJ I= =

  ( )( )250 9.81 2453 N (C)F W mg= = = =

  ( )( )1500 8 3 36,000 NxV P pA= = = × =

  ( ) ( )( )3 2453 3 7359 N mxM W= = = ⋅

 ( ) ( )( ) ( )39 36,000 9 324 10  N mzM P= = = ⋅  

  ( ) ( )( )3 36,000 3 108,000 N mT P= = = ⋅

 ( ) ( )6 2
6

2453 0.08773 10  N/m
27,960 10

0.08773 MPa (C)

F
F
A

σ
−

= = =

=

 

 
( )( )

( ) ( )6 2
6

7359 0.450
1.1959 10  N/m 1.1959 MPa

2768.8 10x

x
M

M c
I

σ
−

= = = =  

 
( )( )

( ) ( )
3

6 2
6

324 10 0.450
52.65 10  N/m 52.65 MPa

2768.8 10z

z
M

M c
I

σ
−

×
= = = =  

 
( )( )
( ) ( )6 2

6

108,000 0.450
8.776 10  N/m 8.776 MPa

5537.5 10T
Tc
J

τ
−

= = = =
×

 

 
( )( )
( )( ) ( )

6
6 2

6

36,000 3960.7 10
2.575 10  N/m 2.575 MPa

2768.8 10 0.020x

x
V

V Q
It

τ
−

−

×
= = = =

×
 

At A: 0 MPaxσ =  8.776 2.575 11.351 MPax
xy

V QTc
J It

τ = + = + =  

 0.08773 1.1959 1.2838 MPa (C)x
y

M cF
A I

σ = + = + =  
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7-204    (cont.) 

 ( )
2 2

22
1, 2

0 1.2838 0 1.2838 11.351
2 2 2 2

x y x y
p p xy

σ σ σ σ
σ τ

+ −  − + = ± + = ± +   
  

 

 1 0.6418 11.369 10.7272 MPa 10.73 MPa (T)pσ = − + = + ≅ ...................................... Ans. 

 2 0.6418 11.369 12.0108 MPa 12.01 MPa (C)pσ = − − = − ≅ ..................................... Ans. 

 3 0 MPapσ = ........................................................................................................................... Ans. 

 
( ) ( )1 2

max

10.7272 12.0108
11.37 MPa

2 2
p p

p

σ σ
τ τ

− − −
= = = = ................................ Ans. 

At B: 0 MPaxσ =  8.776 MPaxy
Tc
J

τ = =  

 0.08773 52.65 52.56 MPa (T)z
y

M cF
A I

σ = + = − + =  

 ( )
2

2
1, 2

0 52.56 0 52.56 8.776
2 2p pσ + − = ± + 

 
 

 1 26.28 27.71 53.99 MPa 54.0 MPa (T)pσ = + = + ≅ ................................................... Ans. 

 2 26.28 27.71 1.430 MPa 1.430 MPa (C)pσ = − = − ≅ ................................................. Ans. 

 3 0 MPapσ = ........................................................................................................................... Ans. 

 
( ) ( )1 2

max

53.99 1.430
27.7 MPa

2 2
p p

p

σ σ
τ τ

− − −
= = = = ........................................... Ans. 
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7-205  
0 :CMΣ =   ( )( ) ( )( )1350 5 670 5 10 0AR+ − =

  1010 lbAR =

 ( )1tan 13 10 52.431θ −= = °  

At the section containing G and H: 

0 :nFΣ =Z  1010sin 0Pθ − =  

0 :tFΣ =^  1010cos 0Vθ − =  

0 :cutMΣ =   ( )(1010cos 3.5 0M θ− =)
  800.6 lbP = 615.8 lbV =  

  2155.3 lb ftM = ⋅

  ( ) 24 4 16 in.A = × = ( )( ) 31.5 4 1 6.00 in.H CQ y A= = × =  

 
( )( )3

44 4
21.333 in.

12
I = =  

At point G: 

 
( )( )2155.3 12 2800.6 2474.8 psi

16 21.333
P Mc
A I

σ
×−

= + = − = −  0τ =  

 1 3 0 psip pσ σ= = ........................ 2 2474.8 psi 2470 psi Cpσ = − ≅ ............................ Ans. 

 
( ) ( )1 2

max

0 2474.8
1237 psi

2 2
p p

p

σ σ
τ τ

− − −
= = = = .................................................... Ans. 

At point H: 

 
( )( )2155.3 12 1800.6 1162.3 psi

16 21.333
P Mc
A I

σ
×−

= + = + = +  

 
( )( )
( )( )
615.8 6.00

43.30 psi
21.333 4

VQ
It

τ = = =  

 ( )
2

2
1, 2

1162.3 0 1162.3 0 43.30
2 2p pσ + − = ± + 

 
 

 1 581.15 582.76 1163.91 psi 1164 psi (T)pσ = + = + ≅ ................................................ Ans. 

 2 581.15 582.76 1.61 psi 1.61 psi (C)pσ = − = − ≅ ........................................................ Ans. 

 3 0 psipσ = .............................................................................................................................. Ans. 

 
( ) ( )1 2

max

1163.91 1.61
583 psi

2 2
p p

p

σ σ
τ τ

− − −
= = = = ............................................... Ans. 
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7-206  
(a)  360 kNP = 270 kNV =  

  ( )( ) ( )( )360 0.150 270 0.450 175.5 kN mM = + = ⋅

  ( ) ( ) 22 120 30 30 180 12,600 mmA = × + × =

 
( )( ) ( )( ) ( )

3 3
6 4120 240 90 180

94.50 10  mm
12 12

I = − =  

 

( )
( )

( )
( )

( )( )

3 3

6 6

6 2

360 10 175.5 10

12,600 10 94.50 10

28.571 1857.14 10  N/m

x

yP My
A I

y

σ
− −

×
= + = +

×

= +

 

  ( )( )28.571 1857.14 0.120 251.43 MPa (T)Cσ = + =

  ( )( )28.571 1857.14 0.120 194.29 MPa (C)Bσ = − =

 
( ) ( )( ) ( )2 2120

120 120 60 120  mm
2C

y
Q y A y y

+
= = − = − 3   90 120 mmy≤ ≤

 
( )( ) ( ) ( )(

( )2 2 3

90
105 120 30 30 90

2
378,000 15 90  mm

y
Q y

y

+
= × +

 = + − 

)−
 90 90 mmy− ≤ ≤  

 
( )
( )

3

6

270 10

94.50 10xy

QVQ
It t

τ
−

×
= =

×
 

120 mm
30 mm

t
t
=
=

  
90 120 mm

90 90 mm
y

y
≤ ≤

− ≤ ≤
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7-206 (cont.) 

(b) 
240

B B

y

Cσ σ σ
=

+
 

 
194.29240 104.62 mm

194.29 251.43
y = =

+
 

(c) 
2

2
1, 2

0 0
2 2

x x
p p xy

σ σσ τ+ − = ± + 
 

 

 1 2
max 2

p p
p

σ σ
τ τ

−
= =  
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7-207  
  ( ) 21 0.25 0.25 inA = × =

 
( )( )33

40.25 1
0.02083 in.

12 12
bhI = = =  

  ( ) ( )3 3  lM P P= = b

(a) 
( )( ) ( )3 0.5

76.01  psi
0.25 0.02083B

PP Mc P P
A I

σ = + = + =  

 
( )( ) ( )3 0.5

68.01  psi
0.25 0.02083C

PP Mc P P
A I

σ = − = − = −  

(b) 
1

B C

s s
σ σ

−
=  

 
76.01 0.5278 in.

76.01 68.01
B

B C

s σ
σ σ

= = =
+ +

 

 The distance s  is independent of . P
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7-208*  
By symmetry each support carries half of the total load: 

  6700 NA B= = ↑
From the shear-force and bending-moment diagrams: 

  max 6700 NV = max 13,400 N mM = ⋅  

Then ( )6 2max
max

13,400 9 10  N/mM
S S

σ = = ≤  

 ( ) ( )

( )

6 3
6

3 3

13,400 1488.9 10  m
9 10

1488.9 10  mm

S −≥ =

=

 

Try a  timber with 203 254-mm×

   ( )3 31850 10  mmS = 246,000 mmA =

  ( )6 4223 10  mmI = 29.4 kg/mm =  

When the weight of the beam is included,  
the maximum moment is 

 ( )( )229.4 9.81 5
13, 400 14,301 N m

8

load weightM M M= +

×
= + = ⋅

 

 
( ) ( ) ( )6 3 3

6

14,301 1589 10  m 1589 10  mm
9 10

S −≥ = = 3  

which is still okay.  Next, check the shear stress, 

 
( )( )

max

29.4 9.81 5
6700 7421 N

2load weghtV V V
×

= + = + =  

 
( ) ( )3 2max

max

1.5 7421
1.5 242 10  N/m 242 kPa

46,000
V

A
τ = = = =  

which is much less than the allowable shear stress of 600 .  Therefore, this design is okay.  kPa
 ............................................................................................... Ans. Use a 203 254-mm timber×
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7-209*  
By symmetry each support carries half of the total load: 1800 lbA B= = ↑  
From the shear-force and bending-moment diagrams: 

   max 1800 lbV = max 10,800 lb ftM = ⋅

Then max
max

10,800 12 1900 psiM
S S

σ ×
= = ≤  

 310,800 12 68.21 in.
1900

S ×
≥ =  

Try an  timber with 8 8-in.×

   370.3 in.S = 256.3 in.A =

  4264 in.I = 15.6 lb/ftw =  

When the weight of the beam is included,  
the maximum moment is 

 
( )( )215.6 20

10,800 11,580 lb ft
8load weightM M M= + = + = ⋅  

 311,580 12 73.14 in.
1900

S ×
≥ =  

which is bigger than the section modulus of the chosen timber.  Next, try a 4 12-in.×  timber with 

    379.9 in.S = 4459 in.I = 241.7 in.A = 11.6 lb/ftw =  
When the weight of the beam is included, the maximum moment is now 

 
( )( )211.6 20

10,800 11,380 lb ft
8

M = + = ⋅  311,380 12 71.87 in.
1900

S ×
≥ =  

which is still okay.  Next, check the shear stress, 

 
( )( )

max

11.6 20
1800 1916 lb

2load weghtV V V= + = + =  

 
( )max

max

1.5 1916
1.5 68.92 psi

41.7
V

A
τ = = =  

which is less than the allowable shear stress of 90 .  Therefore, this design is okay.  psi
 ......................................................................................................... Ans. Use a 4 12-in. timber×
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7-210  
0 :BMΣ =   ( )( )1.5 0.25 275 9.807 0P − × = 449.5 NP =  

0 :CMΣ =   ( )1.75 449.5 0.25 0B− = 3147 NB =  

 ( )( )max 449.5 1.5 674.25 N mM = = ⋅  

 ( )6 2max
max

674.25 135 10  N/mM
S S

σ = = ≤  

 
( ) ( ) ( )6 3 3

6

674.25 4.994 10  m 4.994 10  mm
135 10

S −≥ = = 3  

Therefore ................................................. Ans. Use a 38-mm diameter standard weight pipe
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7-211*  
By symmetry each support carries half of the total load: 

 ( )4 16 2 32 kipA B= = × = ↑  

From the shear-force and bending-moment diagrams: 

   max 32 kipV = max 128 kip ftM = ⋅

Then max
max

128 12 22 ksiM
S S

σ ×
= = ≤  

 3128 12 69.82 in.
22

S ×
≥ =  

Try a  with W 18 60 section×

   3108 in.S = 2 18.24 in.d c= =
   0.415 in.wt = 60 lb/ftw =
When the weight of the beam is included, the maximum moment is 

 
( )( )20.060 16

128 129.92 lb ft
8load weightM M M= + = + = ⋅  

 3129.92 12 70.87 in.
22

S ×
≥ =  

which is still okay.  Next, check the shear stress, 

 
( )( )

max

0.060 16
32 32.48 kip

2load weghtV V V= + = + =  

 max
max

32.48 4.29 ksi
0.415 18.24web

V
A

τ = = =
×

 

which is less than the allowable shear stress of 14.5 .  Therefore, this design is okay.  ksi
 ...................................................................................................... Ans. Use a W 18 60 section×
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By symmetry each support carries half of the total load: 

  42 kNA B= = ↑
From the shear-force and bending-moment diagrams: 

  max 42 kNV = max 82.5 kN mM = ⋅  

Then ( )6 2max
max

82,500 152 10  N/mM
S S

σ = = ≤  

 
( ) ( ) ( )6 3 3

6

82,500 542.8 10  m 542.8 10  mm
152 10

S −≥ = =  3

Try an  with S 305 47 section×

  ( )3 3596 10  mmS = 2 304.8 mmd c= =  

  8.9 mmwt = 47 kg/mm =  

When the weight of the beam is included, the maximum moment is 

 
( )( )247 9.81 5.5

82,500 84,243 N m
8load weightM M M

×
= + = + = ⋅  

 
( ) ( ) ( )6 3 3

6

84,243 554.2 10  m 554.2 10  mm
152 10

S −≥ = = 3  

which is still okay.  Next, check the shear stress, 

 
( )( )

max

47 9.81 5.5
42,000 43,268 N

2load weghtV V V
×

= + = + =  

 ( )6 2max
max

43,268 15.95 10  N/m 15.95 MPa
0.0089 0.3048web

V
A

τ = = = =
×

 

which is much less than the allowable shear stress of 100 .  Therefore, this design is okay.  MPa
 .................................................................................................. Ans. Use an S 305 47 section×
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By symmetry each support carries half of the total load: 3000 lbA B= = ↑  
From the shear-force and bending-moment diagrams: 

   max 3 kipV = max 24 kip ftM = ⋅

Then max
max

24 12 22 ksiM
S S

σ ×
= = ≤  

 324 12 13.091 in.
22

S ×
≥ =  

Try a  with W 6 25 section×

   316.7 in.S = 2 6.38 ind c= = .
   0.320 in.wt = 25 lb/ftw =
When the weight of the beam is included, the maximum moment is 

 
( )( )225 24

24,000 25,800 lb ft
8

M = + = ⋅  

 325.80 12 14.07 in.
22

S ×
≥ =  

which is still okay.  Next, check the shear stress, 

 
( )( )

max

25 24
3000 3300 lb

2load weghtV V V= + = + =  

 max
max

3300 1616.4 psi
0.320 6.35web

V
A

τ = = =
×

 

which is much less than the allowable shear stress of 14.5 .  Therefore, this design is okay.  ksi
 ....................................................................................................... Ans. Use a W 6 25 section×
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0 :BMΣ =   ( )( )15 8 8 0x A− − = ( )15 1.875  kNA x= − ↑  

0 :AMΣ =   8 15B x− = 0 ( )1.875  kNB x= ↑  

For any location x , the maximum moment in the beam occurs  
under the load and is equal to 

  ( )215 1.875  kN mCM Ax x x= = − ⋅

The location x  that makes CM  a maximum is found from 

 ( )15 3.75 0CdM x
dx

= − =  

which gives  4.00 mx = max 30 kN mM = ⋅  

Then ( )6 2max
max

30,000 152 10  N/mM
S S

σ = = ≤  

 
( ) ( ) ( )6 3 3

6

30,000 197.4 10  m 197.4 10  mm
152 10

S −≥ = = 3  

Try an  with S 203 27 section×

   ( )3 3236 10  mmS = 2 203.2 mmd c= = 6.9 mmwt =   27 kg/mm =

When the weight of the beam is included, the maximum moment is 

  34.386 kN mload weightM M M= + = ⋅

 
( ) ( ) ( )6 3 3

6

34,386 226.2 10  m 226.2 10  mm
152 10

S −≥ = = 3  

which is still okay.  Next, check the shear stress,  The maximum shear stress occurs  
when the load is near one of the supports ( )  and is equal to 0  or  8 mx x= =

 
( )( )

max

27 9.81 8
15,000 16,059 N

2load weghtV V V
×

= + = + =  

 ( )6 2max
max

16,059 11.45 10  N/m 11.45 MPa
0.0069 0.2032web

V
A

τ = = = =
×

 

which is much less than the allowable shear stress of 100 .  Therefore, this design is okay.  MPa
 .................................................................................................. Ans. Use an S 203 27 section×
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Since the joists are spaced 16 in. (1.3333 ft) apart,  
the uniformly distributed load is 

  ( )( )60 1.3333 80 lb/ftw = =

By symmetry each support carries half of the total load: 

 ( )12 80 2 480 lbA B= = × = ↑  

From the shear-force and bending-moment diagrams: 

   max 480 lbV = max 1440 lb ftM = ⋅

Then max
max

1440 12 1200 psiM
S S

σ ×
= = ≤  

 31440 12 14.40 in.
1200

S ×
≥ =  

Try a  with 2 8-in.timber×

    315.3 in.S = 457.1 in.I = 212.2 in.A = 3.39 lb/ftw =  
When the weight of the beam is included, the maximum moment is 

 
( )( )23.39 12

1440 1501 lb ft
8

M = + = ⋅  31501 12 15.01 in.
1200

S ×
≥ =  

which is still okay.  Next, check the shear stress, 

 
( )( )

max

3.39 12
480 500.3 lb

2
V = + =  

( )max
max

1.5 500.3
1.5 61.51 psi

12.2
V

A
τ = = =  

which is much less than the allowable shear stress of 120 .  Therefore, this design is okay.  psi
 ............................................................................................ Ans. Use a 2 8-in. timber section×
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0 :AMΣ =  ( )( )6 8829 8829 1.5 0B b b− − + =  

  ( )2943 2207  NB b= +

0 :yF↑Σ =   ( )2 8829 0A B+ − =

  ( )15, 451 2943  NA b= −

Then  ( )15, 451 2943  NACV A b= = −

  ( )8829 6622 2943  NCD ACV V b= − = −

  ( )215,451 2943  N mC ACM V b b b= = − ⋅

  
( )

( )2

1.5

9933 11,036 2943  N m
D C CDM M V

b b

= +

= + − ⋅

Clearly, the maximum moment occurs under one of the wheels.  The 
location  which gives the maximum for these moments is found from b

 ( )15,451 5886 0CdM b
db

= − =  

  2.625 mb = 20,280 N mCM = ⋅  18,624 N mDM = ⋅  

 ( )11,036 5886 0DdM b
db

= − =  

  1.875 mb = 18,624 N mCM = ⋅  20,280 N mDM = ⋅  

Therefore, the maximum bending moment occurs  
under the wheel closest to the center of the beam 

  max 20,280 N mM = ⋅
The minimum section modulus required is: 

 
( ) ( ) ( )6 3 3max

min 6

20,280 122.9 10  m 122.9 10  mm
165 10all

MS
σ

−= = = = 3  

Try a  with W 127 24 section×

  ( )3 3139 10  mmS = 2 127 mmd c= =  

  6.1 mmwt = 24 kg/mm =  

Next, check the shear stress,  The maximum shear stress occurs  
when the load is near one of the supports ( )  0  or  6 mx x= =

 ( )6 2max
max

15,451 19.94 10  N/m 19.94 MPa
0.0061 0.127web

V
A

τ = = = =
×

 

which is much less than the allowable shear stress of 100 .    MPa
Therefore, this design is okay. 
 ................................................................................................... Ans. Use a W 127 24 section×
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( )( ) ( )( )

( ) ( )
2 4 2 8 1 8 2

3.00 in.
2 2 8 8 2

x
C

My
A

× + ×  = = =
× + ×

 

 
( )( ) ( )( ) ( )( )3 3 3

42 5 12 3 8 1
2 272.00 in.

3 3 3
I = + − =  

(a) ( ) ( )( )max 5 1 5 2000 10,000 psi 10 ksi (C)Aσ σ= − = − = − = ..................................... Ans. 

(b) 
( )( )

( ) ( )32000 272.00
544 10  lb in. 544 kip in.

1
A

r
A

IM
y
σ −−

= = = + ⋅ = ⋅
−

...................... Ans. 
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( )( ) ( )( )

( ) ( )
100 37.5 200 225 100 50

150.0 mm
37.5 200 100 50

x
C

My
A

× + ×
= = =

× + ×
 

 
( )( ) ( )( ) ( )( ) ( )

3 3 3
6 437.5 150 100 100 62.5 50

72.92 10  mm
3 3 3

I = + − =  

 
( )( )
( )

3

6

100 10 0.150

72.92 10
r

bottom
M y
I

σ
−

− × −−
= =

×
 

 ..................................................................... Ans. ( )6 2206 10  N/m 206 MPa (T)bottomσ = + =

 
( )( )
( )

3

6

100 10 0.100

72.92 10
r

top
M y
I

σ
−

− × +−
= =

×
 

 ................................................................... Ans. ( )6 2137.1 10  N/m 137.1 MPa (C)topσ = − =
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For  0 ft 10 ftx≤ ≤
 

  ( )200 6 760 300V x= × + −

 ............................................ Ans. ( 300 1960  lbV x= − + )
 

 ( )( ) ( )( )200 6 3 760 300 2M x x x= × + + − x  

 ................... Ans. ( )2150 1960 3600  lb ftM x x= − + + ⋅
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0 :EMΣ =   ( )( ) ( )( )10 12 8 6 7 8 0BR+ × − =

  57 kNBR =

0 :yF↑Σ =   ( )10 8 6 20 0B ER R+ − − × − =

  21 kNER =
 
For  0 m 4 mx≤ ≤

  ( ) ( )( ) (10 8 2 57V x= − − + + )
 ...................................................... Ans. ( )31 8  kNV x= −

 ( )( ) ( )( ) ( ) ( )2
10 4 8 2 57

2
x

M x x
+

= − + − + +   x  

 .............................. Ans. ( )24 31 56  kNM x x= − + − ⋅m
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( )( ) ( )( )

( ) ( )
4 1 8 8.5 4 1

1 8 4 1
5.50 in.

Cy
× + ×

=
× + ×

=

 

 
( )( ) ( )( ) ( )( )3 3

4

4 3.5 3 2.5 1 5.5
3 3 3

97.00 in.

I = − +

=

3

 

At  14.742 kip ftM = + ⋅

 
( )( )

( )
14.742 12 3.5

6.38 ksi
97.00

r
top

M y
I

σ
− × +−

= = = −  

 
( )( )

( )
14.742 12 5.5

10.03 ksi
97.00

r
bottom

M y
I

σ
− × −−

= = = +  

At  3.980 kip ftM = − ⋅

 
( )( )

( )
3.980 12 3.5

1.723 ksi
97.00

r
top

M y
I

σ
− − × +−

= = = +  

 
( )( )

( )
3.980 12 5.5

2.71 ksi
97.00

r
bottom

M y
I

σ
− − × −−

= = = −  

 ........................................................................................................... Ans. ( )max 10.03 ksi (T)Tσ =

 ............................................................................................................. Ans. ( )max 6.38 ksi (C)Cσ =
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0 :EMΣ =  ( )( ) ( )( ) ( )( )10 5 4 15 2 2 10 1 0B− + × + =  

  30.0 kNB =

0 :BMΣ =  ( )( ) ( )( ) ( )( )4 10 1 15 2 2 10 3 0E + − × − =  

  20.0 kNE =
For a :  WT 305 70 section× 2 308.7 mmd c= =
  75.9 mmCy = 13.1 mmwt =  

  230.3 mmfw = 22.2 mmft =  

  ( )6 477.4 10  mmI =

(a) At the bottom of the beam 2.33 m from the left support: 

 
( )( )

( )
3

6

23.33 10 0.2328

77.4 10bottom
Mc
I

σ
−

− × −−
= =

×
 

 ................................................................... Ans. ( )6 2
max 70.2 10  N/m 70.2 MPa (T)Tσ = + =

(b) At the bottom of the beam at the left support: 

 
( )( )

( )
3

6

10.00 10 0.2328

77.4 10bottom
Mc
I

σ
−

− − × −−
= =

×
 

 .................................................................... Ans. ( )6 2
max 30.1 10  N/m 30.1 MPa (C)Cσ = − =

(c) ( ) ( )3 3116.4 232.8 13.1 355.0 10  mmNA CQ y A= = × =  

 
( )( )
( )( ) ( )

3 6
6 2

max 6

20 10 355 10
7.00 10  N/m 7.00 MPa

77.4 10 0.0131
τ

−

−

× ×
= = =

×
.................................. Ans. 

(d) ( ) ( )3 364.8 230.3 22.2 331.3 10  mmJ CQ y A= = × =  

 
( )( )
( )( ) ( )

3 6
6 2

6

20 10 331.3 10
6.53 10  N/m 6.53 MPa

77.4 10 0.0131Jτ
−

−

× ×
= =

×
= .................................. Ans. 
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  6.00 kip ft 72.00 kip in.ryM = − ⋅ = − ⋅ 0rzM =  

 
89.0tan 1.69524
52.5

ry z rz yz z

rz y ry yz yz

M I M I I
M I M I I

β
+

= = = =
+

 

 59.46 59.46  β = + ° = °  

 At point A ( y  and ): 2.37 in.= − 2.37 in.z = +

 
( )

2 2
ry yz zrz y ry yz ry z rz yz

A
y z yz y z yz y z yz

2

M I y I zM I M I M I M I
y z

I I I I I I I I I
σ

− +   + +
= − + =   

− −       −
 

 
( ) ( )( ) ( )( )

( ) ( )2 2

72.00 52.5 2.37 89.0 2.37

89.0 52.5Aσ
− − − + +  =

−
 

 4.68 ksi 4.68 ksi (C)Aσ = − = .................................................................................... Ans. 

 At point B ( y  and ): 1.37 in.= − 5.63 in.z = −

 
( ) ( )( ) ( )( )

( ) ( )2 2

72.00 52.5 1.37 89.0 5.63

89.0 52.5Bσ
− − − + −  =

−
 

 5.98 ksi 5.98 ksi (T)Bσ = + = ..................................................................................... Ans. 
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( )( ) ( )

3
6 430 75

1.05469 10  mm
12

I = =  

 
75 3.75
20

h
d
= =  

20 0.4
50

d
b
= =  

From Fig. 7-34:  2.25tK ≅

 ( ) ( )( )
( ) ( )6 2

6

1400 0.0375
2.25 112.0 10  N/m 112.0 MPa

1.05469 10t
McK
I

σ
−

= = = = ............... Ans. 
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For a  W 14 120 section× 2 14.48 in.d c= =  0.590 in.wt =  

  14.670 in.fw = 0.940 in.ft =   3190 in.S =

 ............................................................................ Ans. ( )( )36 190 6840 kip in.e yM Sσ= = = ⋅

 ( ) ( )( ) ( ) ( )( )2 36 14.670 0.940 6.77 2 36 6.30 0.590 3.15pM = × + ×       

 ........................................................................ Ans. 7564.7 kip in. 7560 kip in.pM = ⋅ ≅ ⋅
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   ( )( ) ( )3 325 50 3 3.75 10  mmAQ = × = 30 mmBQ =

  ( )( ) ( )3 350 100 3 15.00 10  mmCQ = × =

 ( )( ) ( )( ) ( )3 350 100 3 25 50 3 18.75 10  mmDQ = × + × =  

 
( )( ) ( )( ) ( )

3
2 6 46 100

2 100 3 50 2.00 10  mm
12

I ≅ + × =  

 
( )( )
( )( ) ( )

6
6 2

6

2500 3.75 10
1.5625 10  N/m

2.00 10 0.003
A

A
VQ

It
τ

−

−

×
= = =

×
 

 
( )( )
( )( ) ( )

6
6 2

6

2500 15.00 10
6.25 10  N/m

2.00 10 0.003
C

C
VQ

It
τ

−

−

×
= = =

×
 

 
( )( )
( )( ) ( )

6
6 2

6

2500 18.75 10
7.81 10  N/m

2.00 10 0.003
D

D
VQ

It
τ

−

−

×
= = =

×
 0Bτ =  

Therefore: max 7.81 MPaDτ τ= = ...................................................................................... Ans. 

 ( ) ( )( )6
1 1 2 6.25 10 0.100 0.003 2 937.5 NCF Aτ= = × × =  

 ( ) ( )( )6
3 32 3 2 1.5625 10 0.100 0.003 3 312.5 NAF Aτ= = × × =  

0 :OMΣ =   ( ) ( )1 3100 100 0Pe F F− + =

 
( )( ) ( )( )937.5 100 312.5 100

25.00 mm 25.00 mm
2500

e
−

= = = ← ............................... Ans. 
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10,000 33.33

300
a

p

En
E

= = =  

 
( )( )10 1.5

1 ksip
p

T T

My
I I

σ = = ≤   415.00 in.TI ≥

 
( )( )33.33 10 1.625

20 ksia
a

T T

nMy
I I

σ = = ≤   427.08 in.TI ≥

 
( )( ) ( )( )3 3

433.33 3.25 33.33 2 3
27.08 in.

12 12T

w w
I

−
= − ≥  

  .................................................................. Ans. 20.36 22.58w ≥ 1.109 in.w ≥
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200 11.765
17

s

c

En
E

= = =  

 ( )2 24 20 4 1256.6 mmsA π = =   

  ( ) 211.765 1256.6 14,784 mmT sA nA= = =

 ( ) (250 2 14,784 400h h h= − )  

  2 118.27 47,310 0h h+ − =

From which:  166.27 mmh = 400 233.7 mmh− =  

 
( )( ) ( )( ) ( )

3
2 6 4250 166.27

14,784 233.7 386.5 10  mm
3TI = + =  

 
( )( )

( ) ( )6 2
6

62,500 0.16627
26.89 10  N/m 26.9 MPa (C)

386.5 10
c

c
T

My
I

σ = = = ≅
×

................. Ans. 

 ( )( ) ( )( )233.7 166.27 11.765 26.89 445 MPa (T)s s c cy y nσ σ= = × = ................. Ans. 
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  ( ) ( ) 22.25 3 2.5 1 9.25 in.A = × + × =

 
( )( ) ( ) ( ) ( )( ) ( ) ( )3.5 2 1 11 3 1 1 2 5.5 1.5 3 5 1.5 3 2

4.8468 in.
9.25CR

× + × + × + ×      = =  
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( ) ( ) ( ) ( ) ( ) ( )( )

4 7

3 4
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1 ln 4 3 4 3 5 ln 7 4 4 0.5 7 4

2.01040 9.25 in.

dA d dA R R
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ρ ρρ ρ
ρ ρ ρ

 
= = − + + − 

 
= − + − + − −  
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∫ ∫ ∫
 

 
9.25 4.6011 in.

2.01040
R = =  

  4.6011 4.8468 0.2457 in.C Cy R R= − = − = −

  ( )4.8468  kip in.CM R P P= = − ⋅

 
( ) ( )( )

( )( )( )
4.8468 4.6011 3

12 ksi
9.25 3 9.25 0.2457

i
i

i C

M R r PP P
A r Ay

σ
− − −

= + = + ≤
−

 

  9.63 kipP ≤

 
( ) ( )( )

( )( )( )
4.8468 4.6011 7

16 ksi
9.25 7 9.25 0.2457

o
o

o C

M R r PP P
A r Ay

σ
− − −

= + = + ≤ −
−

 

  25.7 kipP ≤

 ....................................................................................................................... Ans. max 9.63 kipP =
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 ( )( )320 3 5 192 kNP = =  

 ( )( )320 4 5 256 kNV = =  

 
( )( ) ( )( )256 0.250 0.320 192 0.240
192 kN m

M = + +

= ⋅
 

  ( ) 275 200 15,000 mmA = × =

 
( )( ) ( )

33
6 475 200

50.0 10  mm
12 12
bhI = = =  

 ( )( ) ( )3 375 50 75 281.3 10  mmCQ y A= = × =  

At point A: 0 MPaxAσ =  
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( )( )
( )( ) ( )

3 6
6 2

6

256 10 281.3 10
19.203 10  N/m 19.203 MPa

50.0 10 0.075xyA
VQ
It

τ
−

−
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= = = =
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 ( )
2 2

22
1, 2

0 204.8 0 204.8 19.203
2 2 2 2

x y x y
p p xy

σ σ σ σ
σ τ

+ −  + − = ± + = ± +   
  

 

 1 102.4 104.19 206.6 MPa 207 MPa (T)pσ = + = ≅ ..................................................... Ans. 

 2 102.4 104.19 1.790 MPa 1.790 MPa (C)pσ = − = − ≅ ............................................... Ans. 

 3 0 MPapσ = ........................................................................................................................... Ans. 

 
( ) ( )1 2

max

206.6 1.790
104.2 MPa

2 2
p p

p

σ σ
τ τ

− − −
= = = = ......................................... Ans. 
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From symmetry, each of the supports carries half of the total load 

  2900 lbB CR R= =
At point A: 

  5800 lb ft 69.6 kip in.AM = ⋅ = ⋅

  
( )( ) ( )( )2500 12 400 12
25, 200 lb in. 25.20 kip in.

T = −

= ⋅ = ⋅

 ( )44 464 4 64 12.566 in.I dπ π= = =  

  42 25.133 in.J I= =

 
( )( )69.6 2

11.078 ksi
12.566x

Mc
I

σ
−−

= = = −  

 0 ksiyσ =  

 
( )( )25.2 2

2.005 ksi
25.133xy

Tc
J

τ = = =  

 

 ( )
2 2

22
1, 2

11.078 0 11.078 0 2.005
2 2 2 2

x y x y
p p xy

σ σ σ σ
σ τ

+ −  − + − − = ± + = ± +   
  

 

 1 5.539 5.891 0.352 ksi 0.352 ksi (T)pσ = − + = = ........................................................ Ans. 

 2 5.539 5.891 11.430 ksi 11.43 ksi (C)pσ = − − = − = ................................................... Ans. 

 3 0 ksipσ = .............................................................................................................................. Ans. 

 
( ) ( )1 2

max

0.352 11.430
5.89 ksi

2 2
p p

p

σ σ
τ τ

− − −
= = = = ............................................ Ans. 
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7-232*  
From the bending-moment diagram: 

  max 7.5 kN mM = ⋅

 ( ) ( )

( )

6 3
6

3 3

7500 125.0 10  m
60 10

125.0 10  mm

MS
σ

−= = =

=

 

For each angle: 

 
( ) ( )

3
3 3

125 10
62.5 10  mm

2
S = =  

 .............. Ans. Use two L 178 102 9.5-mm angles× ×
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