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(The internal resisting moment is the same over the entire length of the beam.) 

 At the top of the beam ( )90 MPa Tσ =  
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 At the bottom of the beam  ( )140 MPa Cσ =
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 ................................................................................................... Ans. max 30.5 kN m M = ⋅
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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
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64.9

rM y
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σ
− ×−
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(c) 
( )
( )max

1050 12
778 psi (C, top; T bottom)

16.2
rM
S

σ
×

= = = .............................................. Ans. 
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( ) ( )
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 :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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bycacle
文字方塊
此題答案有誤，1.867m 應修正為1.934 m 
Maximum moment 為 + 16.680 kN‧m  
所以maximum stress 為 + 186.4 (106) N/m2
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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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 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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 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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π π
= − =   42 0.06711 in.J I= =

  ( )( )50 18 900 lb in.xM = = ⋅

  ( )( )50 7 350 lb in.T = = ⋅ 50 lbzV =  
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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
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 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
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2 2
p p

p

σ σ
τ τ

− − −
= = = = ≅ ........................... Ans. 

On the bottom of the pipe: 
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 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
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2 2
p p

p
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= = = = ≅ .......................... Ans. 
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