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 αm = ri zj – zi rj = 0, βm = zi – zj = 0 – 0 = 0 

 γm = rj – ri = b – 0 = b 

  So the shape functions evaluated at r = b and z = z 

 Ni = 
1

bh
 (bh + (– h) b + 0  z) = 0 
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1
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 (0 + h b + (– b)z) = 
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  Equation to be evaluated is {fB} = 
2

3

B

B

B

B
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RrA

Z

R

Z

�

� �
� �
� �
� �
� �
� �
� �
� �
� �

 

 r  = 4 + 2 × 
2

3
   ⇒ r  = 5.333 in. 

 ZB = 0.283 
3

lb

in.
 

 BR  = w2 ρ r  = 
� �

� �
3

3

lb2
in.

lb
in.

0.283rev. rad 1 min
20 2

min rev 60 32.2 12s
�

� � � �
� �� �	 
 �� 

 [5.333 m] 

 BR  = 0.01712 3

lb

in.
 

 
2

3

rA�

 = 
2

3
π (5.333 in.) (2 in.2) = 22.34 in.3 

  So 

 fB1r = (22.34) (0.01712) = 0.382 lb 

 fB1z = (–22.34) (0.283) = – 6.32 lb 

 fB2r = (22.34) (0.01712) = 0.382 lb 

 fB3z = (– 22.34) (0.283) = – 6.32 lb 

 fB3r = (22.34) (0.01712) = 0.382 lb 

 fB3z = (– 22.34) (0.283) = – 6.32 lb 

 9.4 
 (a)   Element Figure 9.4 a 

  The equation to be evaluated is {σ} = [D] [B} {d} 

 ri = 0, zi = 0, rj = 2, zj = 0, rm = 1, zm = 3 

 αi = 6, αj = 0, αm = 0, βi = – 3, βj = 3, βm = – 3, 

 γ i = – 1, γ j = – 1, γm = 2 

 r  = 1, z  = 1, A = 
1

2
 (3) (2) = 3 in.2 Figure 9.4a 
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 9.7 (a) 

    

   From Problem 9.6 (a), we have [D] [ ]B  

 ∴   {σ} = [D] [ ]B {d} 
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  From Problem 9.6 (b), we have [D] � �B  
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 ∴   
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  (c) ui = 0.00005 wi = 0.00003 

 uj = 0.00002 wj = 0.00002 

 um =  0  wm = 0 
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 = [D] [B] {d} 

 σr = – 2.87 × 109  Pa 

 σz = – 2.45 × 109  Pa 

 σθ = 3.57 × 109  Pa 

 τrz = – 1.89 × 109 Pa 

 9.8 No, not in general, as the axisymmetric elements are rings, not plane quadrilaterals or 
triangles. So axisymmetric nodes are actually nodal circles whereas plane stress 
elements have node points. 

 9.9 No, the element circumferential strain is a function of r and z (see Equation (9.1.15). 

 9.10 Make ur = 0 for all nodes acting on the axis of symmetry. 

 9.11 How would you evaluate circumferential strain εθ at r = 0? 

  From text Equation (9.1.15) 

 εθ = 1a

r
 + a2 + 3a z

r
 (1) 

 εr = a2 (2) 

  Also from text Equation (9.1.1e) 

 εθ = 
u

r
 (3) 
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 9.15 

  

1250 mm

ConcreteSteel liner

400 mm

325 mm

750 mm

p

 

Note: Without the arc (inside radius), we have a 90° re-entrant corner where stress is approaching 
infinity. We have a singularity in the linear-elastic solution based on linear theory of elasticity. 
Therefore, we need the arc as in good practice or elastic-plastic model where an upper bound on 
the corner stress is the yield strength of the material. 


