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APPENDIX F

ANSWERS TO SELECTED PROBLEMS

CHAPTER 1

1.1  
1.3  

1.6  

1.8  
1.12 (a)   (b)  

1.15 (a)  (b)  

1.19  

1.25  

1.28  

1.31  

1.44   

1.51   
1.52 (a)     

        (b) 

1.56    

1.62  

1.67  

1.69  
1.71 (a)    

        (b)  sequence: CB, CG, CD 

1.74 
1.75  

1.77  
1.79  
1.82 (a)  (b) 

1.84  1.86 1.93 

σ 1019 psi (T)=
Wmax 125.6 lb=

dmin 1.5 mm=

σ 2.57MPa T( )=
σcol 232.8 MPa (C);= σb 20MPa C( )=

σcol 156 MPa (C);= σb 8.33 MPa (C)=

σb 3 MPa (C)=

Pmax 10.8 kips=

P τπ do di+( )t=

Wmax 125.6 lb=

σAA 3.286 ksi (T);= τAA 1.53 ksi=

σ 11.9 psi (T);= V 19 lbs=
σHA 38 MPa (C);= σHB 16 MPa (T);= σHG 22 MPa (C);= σHC 16 MPa (C)=

τH( )max 53.76 MPa=

σBD 100 MPa (T);= τmax 259 MPa=

Pmax 70.6 kN=

Pmax 5684 lb=

L 10.4 in=
dCG 30 mm;= dCD 27 mm;= dCB 23 mm=

dC 22 mm;=

τ 9947 Pa=
P 3 aLτ=

τ 3.18 MPa=
τ 226.3 MPa=

τ 8.5 psi;= T 6.7 in-lb=

y

x

100 100

75

75

75 75

85

85

y

x

27
27

18

18

18 18
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85
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1.94  1.97 1.99 

1.101 

CHAPTER 2

2.1  
2.4  
2.7  

2.8  
2.11  
2.13  
2.15   
2.19  
2.21  
2.22  

2.29  
2.32  
2.34  
2.38  
2.48 

2.51 (a)  (b)  (c)  

2.54   
2.57   
2.61    
2.64     
2.68    
2.71   
2.74  
2.77  
2.80  
2.85  
2.87 

z

y
175

x

225

225125

150

200
200

125
100

20 x

z

y

25

2515

15

10

x

r
20

25

32

10 22

32

2225

�

r

18

20

10
18

25 25

�

�

ε 0.9294 cm/cm=
ε 0.321 in/in=
uD uA– 2.5 mm=

εA 393.3 μin/in;= εB 150–  μin/in=

εA 0.0125 in/in–=

εA 0.0108 in/in–=

εA 0.0108–  in/in;= εF 0.003 in/in–=

δB 2 mm to the left=

δB 2.5 mm to the left=

εA 416.7 μmm/mm;–= εF 400 μmm/mm=

γA 3000–  μrad=

γA 5400 μrad=

γA 1296 μrad=

γA 928–  μrad=

γA 1332–  μrad=

εAP 1174.7 μmm/mm;= εAP 1174.6 μmm/mm;= εAP 1174.6 μmm/mm=

δAP 0.0647 mm extension;= δBP 0.2165 mm extension=

δAP 0.0035 in contraction;= δBP 0.0188 in contraction=

εBC 4200 μmm/mm;= εCF 2973–  μmm/mm;= εFE 2100–  μmm/mm=

εBC 500 μmm/mm;= εCG 833–  μmm/mm;= εGB 0;= εCD 667.5 μmm/mm=

εxx 128 μmm/mm;–= εyy 666.7 μmm/mm;–= γxy 3600 μrad=

εxx 1750 μmm/mm;= εyy 1625–  μmm/mm;= γxy 1125–  μrad=

εxx 24( ) 555 μin/in=

u 20( ) 0.005 in=
u 1250( ) 1.516 mm=
ε 42.2 μmm/mm=
ε 47%=
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CHAPTER 3

3.1  (a)  (b)  (c)  (d)   (e) 

       (f)  (g) 

3.2 (a)  (b)  
3.3  
3.4    

3.5   
3.12 (a)  (b)  

(c)  (d)  (e)  (f )  

3.16  
3.18  
3.25   
3.27  0.0327% 
3.31  
3.36 (a) 300 kN-m/m3; (b) 21,960 kN-m/m3; (c) 5,340 kN-m/m3; (d) 57,623 kN-m/m3. 

3.38 (a) 1734 kN-m/m3; (b) 157 MN-m/m3; (c) 18 MN-m/m3; (d) 264 MN-m/m3 

3.41  
3.44  
3.45   
3.50   

3.53   

3.59  
3.65   

3.66 (a)    (b)   

3.68  
3.74 (a)      

        (b)     

3.78 (a) 

        (b) 

3.81      

3.83     

3.86   

3.92   
3.111    

3.115    

3.119  
3.121  
3.127  
3.130     

3.137 (a)  (b)  (c) 
3.139  
3.142 (a)  (b)  (c)  

σult 510 MPa;= σfrac 480 MPa= E 150 7.5( ) GPa;= σprop 300 MPa= σyield 300 MPa=

Et 2.5 GPa;= Es 6.5 GPa=

P 23.56 kN;= P 35.34 kN=
δ 3.25 mm=
εtotal 0.065;= εelas 0.0028;= εplas 0.0622=

P 36.9 kN=
E 300 GPa;= σprop 1022 MPa;=

σyield 1060 MPa;= Et 1.72 GPa;= Es 11.2 GPa;= εplas 0.1203=

E 25,000 ksi;= ν 0.2=
G 4000 ksi=
P 70.7 kN;= Δd 0.008mm–=

U 125 in.-lbs=

F 22.1 kN=
F 16.7 kN=
F 0.795 lb;= θ 65.96°=
P1 0;= P2 2 kN=

h 43
8
---  in;= d 11

8
---  in=

dmin 23 mm=

N 60 kips;= Mz 30 in-kips=

a 1062.1 MPa;= b 4493.3 MPa;= c 12993.1 MPa;–= ET 1.621 GPa=

P 70.1 lbs=
σzz 0;= εxx 3661 – μ;= εyy 2589 μ;= γxy 5357 μrad;= εzz 357 μ;=

εzz 0;= σzz 25 MPa (C);= εxx 3571–  μ;= εyy 2679 μ;= γxy 5357 μrad=

σzz 0;= εxx 0.06875;–= εyy 0.0875;= εzz 0.00625;–= γxy 0.125=

εzz 0;= σzz 12.50psi T( );= εxx 0.0703;–= εyy 0.08594;= γxy 0.125=

σzz 0;= σyy 40.9 ksi (C);= σxx 36.26 ksi (C);= εzz 771 μin/in;= τxy 5.77 ksi–=

σzz 0;= σyy 60 MPa (T);= σxx 60 MPa (C);= εzz 0;= τxy 18 MPa=

σxx 16 ksi (C);= σyy 4 ksi (C)=

a 50.06 mm;= b 50.1725 mm=
εxx 936 μ;–= εyy 2180 – μ;= γxy 5333 μ–=

σxx 19.07 ksi (C);= σyy 0.99 ksi (C);= τxy 0.6 ksi=

K 2.4=
σmax 45.3 ksi=

θ 0.34°=
σxx 47.4 ksi (C);= σyy 52.02 ksi (C);= εzz 1254 μ;= τxy 5.77 ksi–=

T 33.33 hours;= T 133.33 hours;= T ∞=
n 400,000 cycles=

E1 15,000 ksi;= E2 64.15 ksi;= n 0.1694;= E 56.2 ksi=
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CHAPTER 4

4.2    

4.4  
4.9  

4.13 (a)  (b)  

4.18  

4.20  
4.21 (a)  (b)  

4.24  

4.27  
4.31  

4.33    

4.41 (a)  (b) 

4.44   

4.46  
4.50  

4.51   

4.61   

4.65 (a)  (b)   

4.67   

4.70  

4.74  

4.77  

4.83  

4.85   

4.87  

4.89  

4.90   

4.94   

4.95   

4.99   

4.100   

4.104   

4.106  

CHAPTER 5

5.1  
5.2  
5.7   

5.11  

F1 108.5 kN;= F2 45.2 kN;= F3 94.3 kN=

F 11.25 kips=
uD uA– 0.175 in–=

uD uA– 0.0234 in;–= σmax 3.75 ksi (C)=

uB uA– 0.126 mm=

u 0.4621 P EK⁄=
uC uA– 0.034 in;= σmax 33.95 ksi  (T)=

uB γL2– 2E⁄=

δ 0.045 in=
Fmax 4886 lb=

dp 0.5 in;= ab 11
8
--- in;= bs 1 5

16
------ in=

Δu 0.60 mm;= σmax 62.2 MPa (T)=

a 224.40  b 23.60  c 0.40;–=;–=;= uA 0.017 in to the left=

F 46.9 kips=
δP 0.23 mm=

σA 8.0 ksi (C);= δB 0.0021 in=

δP 0.24 mm;= σA 118 MPa (C)=

δp 0.0265 in;= Δds 0.00074 in;= Δdal 0.00066 in–=

σA 22.5 ksi (C);= σB 17.2 ksi (T)=

Fmax 555 kN=

Fmax 17.2 kN=

wmax 9.4 MPa=

Pmax 106.7 kips=

ABC 1.1 in2;= d 1.3 in=

Fmax 148.6 kN=

Fmax 181.9 kN=

σA 5.2 ksi (T);= σB 3.5 ksi (T)=

σxx 0;= u L 2⁄( ) αTLL 24⁄=

σxx EαTL 3⁄  C( );= u L 2⁄( ) αTLL 8⁄–=

σA 25.70 ksi (T)=

σθθ 10 MPa (T);= τr 40 MPa=

tmin 0.05 in;= dnoz 0.206 in=

pmax 500 psi;= driv 0.85 in=

γD 2400 μrad=

T 64.8 in-kips=
φ1 0.0400 rad;= φ2 0.0243 rad;= φ3 0.0957 rad=

T 495.2–  in-kips=
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5.13  
5.23 (a)  (b)  

5.26 (a)  (b) 

5.29  
5.32   
5.35   

5.38 (a)  (b)  

5.40 

5.41  
5.43  
5.47   

5.57  
5.59   
5.60  
5.63   
5.66   
5.67  

5.71  

5.74    
5.75    
5.76   
5.95  
5.101 

CHAPTER 6

6.1  
6.3     

6.6   

6.7     

6.12 

6.14  

6.25   

6.29    

6.35   

6.38   

6.42 (a)  (b)  

6.45   

6.49  

6.51  

6.53  

T 10.9 kN-m=
τxy( )A 0;> τxy( )B 0<

τxy( )A 0;> τxy( )B 0<

φD φA– 0.00711 rads CW=

φD 0.0163 rads CW;= γmax 1094μ;–= τxθ( )E 4.4–  ksi=

φA 1676 μrads CW;= τxθ( )E 15.1 MPa=

φB 0.1819 TextL Gr4⁄( ) CCW;= τmax 0.275Text r3⁄=

φA qL2 GJ⁄( ) CW=

T 69.2 in-kips=
ri( )max 24 mm=

dmin 21 mm;= τAB 52.5 MPa=

Ro 23
8
--- in=

Δφ 0.085 rad;= τmax 172 MPa=

Δφ 0.088 rad=
φB 0.0516 rads ccw;= τmax 25.8 ksi=

φC 0.006 rads CCW;= T 200.5 in-kips=

φB 0.0438 rads CW=

φB 5.659 TL
Gd4
---------- CCW;= τmax 2.83 T

d3
-----=

Tmax 32 kN-m;= φB 0.048 rads CCW;= τmax 130.4 MPa=

dmin 89 mm;= φB 0.0487 rads CCW;= τmax 116 MPa=

dmin 108 mm;= φB 0.025 rads CCW;= τmax 58.62 MPa=

τmax 10.8 MPa=

τmax 21.65 MPa=

ψ 2.41°=
ε1 182 μm/m;= ε3 109.1 – μm/m;= ε4 654 – μm/m;= ε6 393 μm/m=

P 1454N;= Mz 123.6 N-m=

P1 14.58 kN;= M1 130.3 N-m;= P2 9.88 kN;= M2 64.0 N-m=

Mz 9.13 in-kips=

Mz 2134 kN-m–=

σT 3.73ksi T( ) ;= σC 6.93ksi C( )=

σA 1224 psi (C);= σB 735 psi (C);= σD 1714 ksi (T)=

σA is (C); σB is (T)

σA is (T); σB is (C)

σ3.0 2.96 ksi (C);= σmax 6.93 ksi (C) or (T)=

σA 4.17 ksi (C);= σmax 12.5 ksi (C) or (T)=

σA 6.68 ksi (C);= σmax 28.9 ksi (T)=

εA 1500 μ–=

εA 327–  μ=
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6.60 (a)  (b)  

6.62 (a)  (b)  

6.64   

          

6.68   

         

6.69   

          

6.74   

6.79   

6.83   

6.86   

6.92  

6.99  

6.100  
6.102  
6.107 Point A: negative τxz; Point B: positive τxy; Point C: negative τxz; Point D: positive τxz 
6.112 Point A: positive τxy; Point B: negative τxz; Point C: zero; Point D: positive τxy

6.117     

6.120   

6.124  
6.125   
6.137  
6.138   

CHAPTER 7

7.2   

7.4   

7.9  

7.17 ; 

7.19 ; 

7.25   

7.28   

7.32   

7.34   

Vy 3 72 x–( ) kips;= Mz 1.5 72 x–( )2 in-kips=

Vy 108 1
48
------x2–[ ] kips;= Mz 5184 108x– 1

144
---------x3+[ ] in-kips=

Vy wL kips–= 0 x L;<≤ Mz wLx wL2–( ) in-kips= 0 x L;<≤

Vy w x L–( ) wL–[ ] kips= L x 2L;≤< Mz wLx w
2
---- x L–( )2– wL2–[ ] in-kips= L x 2L≤<

Vy 76 12x–( ) kN= 5 m x 9 m;< < Mz 6x2 76x– 154+( ) kN-m= 5 m x 9 m;< <

Vy 20–  kN= 9 m x 12 m;< < Mz 20x 240–( ) kN-m= 9 m x 12 m< <

Vy 6x–  kN= 0 x 3 m;<≤ Mz 3x2 kN-m= 0 x 3 m;<≤

Vy 8–  kN= 3 m x 5 m;< < Mz 8x 7–( ) kN-m= 3 m x 5 m< <

Vy( )max 7.5 kN;±= Mz( )max 5.625 kN-m=

Vy( )max 36 kN;= Mz( )max 86.67 kN-m–=

Vy( )max 9 kN;= Mz( )max 23.625–  kN-m=

Vy( )max 6±  kips;= Mz( )max 16–  in-kips=

wmax 154.3 lb in⁄=

ai 117
8
--- in=

r 3.75 mm=
P 165.7 N=

σmax 348.4 MPa;= τmax 6.84 MPa;= σxx( )A 48 MPa (C);= τxy( )A 3.2 MPa–=

VAB 614.4 lbs;= VBC 921.6 lbs=

Mext 8333.33 in-lbs=

Pmax 202 N;= Δs 16 cm=

RO 2 3
16
------ in=

σmax 9185 psi;= τmax 295 psi=

v x( ) wx 24EI( )⁄[ ]– x3 2Lx2– L3+( );= v L 2⁄( ) 5wL4 384EI( )⁄[ ]–=

v x( ) wx2 24EI( )⁄[ ]– x2 4Lx– 6L2+( );= v L( ) wL4 8EI( )⁄[ ]–=

vA PL3 3EI( )⁄=

x( )
wLx 9EI( )⁄[ ] x2 5L2–( )  0 x L≤ ≤

wLx 9EI( )⁄[ ] x2 5L2–( ) wL 6EI( )⁄[ ] x L–( )3– L x 3≤ ≤⎩
⎨
⎧

= v L( ) 4wL4 9EI⁄( )–=

v x( )
wLx 48EI⁄( ) 2x2 7L2–( )    0 x L≤ ≤

w EI⁄( ) 2Lx3  7– L3x( ) 48⁄ w 24EI⁄( ) x L–( )4– L x 2L≤ ≤⎩
⎨
⎧

= v L( ) 5wL4 48EI( )⁄[ ]–=

h x( ) 6Px bσ( )⁄ ;= vmax 8bσ3L3 27PE2( )⁄–=

σmax 128PL 27πd0
3( )⁄ ;= vmax 8PL3 3Eπd0

4( )⁄–=

RA 16.2 kips up;= MA 10.8 in-kips CCW=

RA 5P/2;= v x( )
P 12EI⁄( ) 2 x 2L–( )3 5 x L–( )3– 9L2x– 11L3+[ ] 0 x L≤ ≤

P 12EI⁄( ) 2 x 2L–( )3 9L2x– 11L3+[ ]    L x 2L≤ ≤⎩
⎨
⎧

=
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7.36    

7.57  
7.61 
7.64    
7.67   

7.71  

7.72   
7.76    

CHAPTER 8

8.1   

8.6  τnt can’t say 

8.12   
8.15 Compression
8.19   

8.24   

8.26 

8.33 (a)   (b)   
8.42       

         

8.44        

        

8.47       

        

8.50      

8.54    

8.60   
8.71 Pmax = 30.6 kN

CHAPTER 9

9.3   

9.6    

9.8    

9.13    
9.16 Sectors 8 and 2 or Sectors 4 and 6 
9.31      

                  

9.37     

dv
dx
------ L( ) wL3

80EI
------------;= RA

61wL
120

-------------- up;= MA 11wL2 120⁄  CW=

vA 41– wL4 24EI⁄=

vA P– L3 96EI⁄=

vA w– L4 136EI;⁄= RC 11wL 17⁄ ;= MC 5wL2 34⁄=

v x( ) w 18EI⁄( ) 2Lx3 3L x L–〈 〉3– 10L3x–[ ];= v L( ) 4wL4– 9EI⁄=

v x( ) w 24EI⁄( ) x4 x L–〈 〉4– 4L x 2L–〈 〉3– 12L2 x 2L–〈 〉2– 40L3x– 71L4+[ ];= v 2L( ) wL4( ) 4EI( )⁄=

v x( ) P 12EI⁄( ) 3Lx2 3x3– 5 x L–〈 〉3+[ ];= RA 5P 2⁄=

v′ xA( ) wL3 6EI⁄( );–= v xA( ) wL4 8EI⁄( )–=

σnn is C( ); τnt is positive

σnn is C( );

σnn 8.66 ksi C( )= τnt 5.0 ksi=

σnn 50 MPa C( );= τnt 40 MPa=

σnn 45.36 ksi C( );= τnt 1.84 ksi=

Pmax 84.9 lb=

σnn σ T( );= τnt 0;= σnn 0;= τnt σ–=

σnn 7 MPa T( );= τnt 59.7–  MPa;= σ1 75.2 MPa (T);= σ2 45.2 MPa C( );= σ3 0;= θ1 69.2°;=

τmax 60.2 MPa  =

σnn 45.4 ksi C( );= τnt 1.84 ksi;= σ1 15.4 ksi T( );= σ2 45.4 ksi C( );= σ3 0;= θ1 40.3°;=

τmax 30.4 ksi=

σnn 0.63 ksi C( );= τnt 7.06–  ksi;= σ1 0.62 ksi T( );= σ2 40.62 ksi C( );= σ3 12 ksi C( )= θ1 128°;=

τmax 20.62 ksi=

σ1 67.9 MPa T( );= σ2 207.9 MPa C( );= σ3 0;= θ1 78°;= τmax 137.9 MPa=

σxx 7.54 ksi C( );= σyy 9.46 ksi C( );= τxy 1.15 ksi=

σnn 16.5 ksi C( );= τnt 9.55 ksi–=

εnn 234.7 μ;–= φ 196.96 μrad CW=

εnn 150 μ;= εtt 450 μ;= γnt 519.6 μ–=

εnn 70.2–  μ;= εtt 529.8 μ;–= γnt 385.67 μ=

εnn 295.4 μ;–= εtt 295.4 μ;= γnt 104.2 μ–=

ε1 659 μ;= ε2 459–  μ;= ε3 0;= γmax 1118 μ;= θ1 103.3°;=

εnn 643.7 μ;= εtt 443.7–  μ;= γnt 259.8 μ–=

ε1 1246.5 μ;= ε2 196.5–  μ;= ε3 0;= γmax 1443 μ;=
January 2012



F    576Mechanics of Materials: Answers to Selected problemsM. Vable
Pr

in
te

d 
fr

om
: h

ttp
://

w
w

w.
m

e.
m

tu
.e

du
/~

m
av

ab
le

/M
oM

2n
d.

ht
m

           

9.42    

9.44      

9.46      

9.49       

9.54    
9.58    

9.62      
9.64  
9.68  
9.74 

CHAPTER 10 

10.1   
10.4  
10.6  

10.12  

10.24    
        
10.27     
10.30             

          

10.35   
10.36   
10.44  
10.48  
10.53    
10.55  
10.62  
10.65 (a)  (b)  

10.66  
10.69 

CHAPTER 11

11.2  
11.6  
11.15   

11.21  
11.25 

εxx 1027 μ;= εyy 23 μ;= γxy 1037 μ–=

εxx 466–  μ;= εyy 1266 μ;= γxy 1000 μ–=

ε1 767.9 μ;= ε2 125 μ;–= ε3 214.3 μ;–= γmax 982.2 μ;= θ1 26.57– o=

ε1 681.4 μ;= ε2 604.3–  μ;= ε3 0;= γmax 642.9 μ;= θ1 26.57o=

θ1( )strain 103.3o;= θ1( )stress 98.8°=

εa 33.49 μ;= εb 400 μ;= εc 166.5 μ=

εa 687.5 μ;= εb 406.3–  μ;= εc 656.9 – μ=

ε1 685.9 μ;= ε2 185.9–  μ;= ε3 166.7;–= γmax 871.8 μ;= θ1 48.3°=

ε 392.9 μ=
ε 716.7 μ=
ε 112.5 – μ=

σnn 4.6 ksi (C);= τnt 16.4 ksi–=

P 60.76 kN=
εa 1696 μ;= εb 1176 μ–=

εa 1333 μ;= εb 666.66–  μ=

σxx( )A 0;= σxx( )B σ– bend-y 85.39MPa C( );= = τxz( )A τtor τbend-y=42.89MPa;+=

τxy( )B τ– tor 25.62MPa–= =

σxx( )A 0;= σxx( )B σ– bend-y 222MPa C( );= = τxz( )A τbend-y 17.27MPa;= = τxy( )B 0=

σmax( )A 102.7MPa T( ) or C( );= σmax( )B 137.33MPa C( );= τmax( )A 51.35MPa;=

τmax( )B 91.79MPa;=

σxx( )A 23.1 ksi (C);= τxy( )A 7.2 ksi–=

σnn 8219 psi (C);= τnt 13180 psi=

Pmax 4.3 kN=

w 791.2 N/m=
σBD σCE 5.13 psi (C);= = σBC 10 psi (T);= σAB 167.4 psi (C)=

Wmax 67 lb=

Ro 2.405 in=

Pmax 5 kN;= Pmax 5.75 kN=

Pmax 9.5 kips=

K 1.22=

Pcr 5/4 kL=

Pcr 153.3 lb=

L r⁄ 72.7;= Pcr 215.4 kip;= σcr 3.36 ksi (C)=

K 1.106=
K 3.633=
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11.40  
11.43   
11.55   
11.59 

11.63  
11.64 

Lmax 42 in=

wmax 12 kN/m;= KBD 2.3=

σmax 2.68 ksi (C);= vmax 0.0458 in=

Lmax 2.09 m=

Pmax 39.45 kip=

Pcr 17.0 kip=
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σav N A⁄= τav V A⁄= σij
ΔFj

ΔAi
---------⎝ ⎠
⎛ ⎞

ΔAi 0→
lim=

ε
Lf Lo–

Lo
---------------= ε δ

Lo
-----= ε

uB uA–
xB xA–
-----------------= γ π 2⁄ α–= εxx

du x( )
dx

--------------=

εxx σxx ν σyy σzz+( )–[ ] E⁄= γxy τxy G⁄= G E
2 1 ν+( )
--------------------=

σxx εxx νεyy+[ ] E
1 ν2–( )

-------------------= εzz
ν

1 ν–
------------⎝ ⎠
⎛ ⎞– εxx εyy+( )=

xd
du N

EA
-------= u2 u1–

N x2 x1–( )
EA

--------------------------= δ NL
EA
--------= σxx

N
A
----=

xd
dφ T

GJ
-------= φ2 φ1–

T x2 x1–( )
GJ

-------------------------= τxθ
Tρ
J

-------=

Mz EIzz
d2v
dx2
--------= σxx

Mzy
Izz

----------–= τxs
VyQz
Izzt

-------------–=

σxx
Myz
Iyy

----------–= τxs
VzQy
Iyyt

-------------–=

Vy V–=
xd

dV p=
dMz
dx

----------- V= V2 V1 p xd
x1

x2

∫+= M2 M1 V xd
x1

x2

∫+=

σnn σxx θ2cos σyy θ2sin 2τxy θ θcossin+ += τnt σxx–  θ θsincos σyy  θ θcossin τxy θ2cos θ2sin–( )+ +=

2θptan
2τxy

σxx σyy–( )
--------------------------= σ1 2,

σxx σyy+( )
2

---------------------------
σxx σyy–

2
----------------------⎝ ⎠
⎛ ⎞

2
τxy

2+±= τmax max
σ1 σ2–

2
------------------

σ2 σ3–
2

------------------
σ3 σ1–

2
------------------, ,⎝ ⎠

⎛ ⎞=

εnn εxx θ2cos εyy θ2sin γxy θsin θcos+ += γnt 2– εxx θsin θcos 2εyy θsin θcos γxy θ2cos θ2sin–( )+ +=

2θptan
γxy

εxx εyy–( )
------------------------= ε1 2,

εxx εyy+( )
2

-------------------------
εxx εyy–

2
--------------------⎝ ⎠
⎛ ⎞

2 γxy
2

------⎝ ⎠
⎛ ⎞

2
+±=

γmax
2

---------- max
ε1 ε2–

2
----------------

ε2 ε3–
2

----------------
ε3 ε1–

2
----------------, ,⎝ ⎠

⎛ ⎞=

Pcr
π2EI

L2
------------=

ηC
4r
3π
------= I 1

12
------ab3= I 1

4
---πr4= J 1

2
---πr4=
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