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Problem Set VIII 

Due 11/09/06 

Consider the pre-stressed concrete containment example of Problem Set L.54. 
Evaluate the impact of changing the longitudinal tendon pitch from 165 mm to 200 mm on the 
required prestress level to prevent tensile stresses in the concrete upon pressurization. 
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Problem Set  L. 54 

This problem i l l u s t r a t e s  some of t he  concepts i n  re inforced/  

p res t ressed  concrete containment s t r e s s  calculat ionr .  , 

1. Geometq 

Consider the  concrete and s t e e l  geometry of Fig. 1 f o r  a s ec t fon  

of a cy l ind r i ca l  containment s h e l l .  

Direct ions  

-+1 depth.= 165 S t e e l  Radial Longitudinal 
Tendons 

Hoop 
pi tch = 165 

iameter = 57 

Concrete Inside Radius = 20 600 

Wall Thickness = 1380 

Figure 1 Section Normal to  the Longitudinal Axis 
of the  Containment Shel l  (dimensions i n  -1. 

That is.' the  longi tud ina l  tendons a r e  i n  the fonn of two rows of 57 plm 

diameter s t e e l  bars  (one row near each surface) with a p i tch  of ap- 

proximately L65 mm. The hoop tendons a r e  i n  the  form of four rows of 

57 mm diameter s t e e l  bars  (two rows near each surface) .  Harever the  

p i t ch  of the hoop tendons i n  each row is 200 mm. 

2. Material  Proper t ies  and Operating Conditions 

For the  s t e e l ,  Young's Modulus = 210 GPa. For the concrete, 

Young's Modulus = 21 GPa and Poisson's Ratio = 0.15. I n  the pressur- 

ized condition the i n t e r n a l  pressure is 350 kPa above the ex te rna l  

pressure. 



Problem Set  L. 54 

3. Q u e s t i o n s -  

(a) What prest;ess l e v e l s  (one l e v e l  f o r  a l l  longi tudinal  tendons, 

another f o r  a l l  hoop tendons) a r e  required to  prevent t e n s i l e  

s t r e s s e s  i n  the  concrete upon pressur izat ion? 

(b) What is the  mutimum t e n s i l e  S t r e s s  i n  the rebars  upon 

pressur izat ion1 

4. Calculat ional  Basis 

I l r sme e l a s t i c  behavior. 

Consider t h a t  the  cyl inder  is "long" but  consider the  region near 

t h e  base  mat. 

b Consider the  cyl inder  to  be b u i l t - i n  a t  the  poai t ion it  jo ins  t h e  

base mat (zero r a d i a l  def lect ion.  zero s lope of r a d i a l  def lec t ion) .  
- - -  -Lt' L - 

Define the f i exu ra l  r i g i d i t y  on t h e  b a s i s  of t he  s ec t ion  shown i n  

Fig. 1. Consider t h a t  the  tendons move i n  the  longi tudinal  direc- 

t i o n  the  same a s  the concrete. Calculate  r i g i d i t y  on the b a s i s  t h a t  

"plane sec t ions  remain plane" and t h a t  transverse Poisson's r a t i o  

can be t r ea t ed  the same a s  t he  concrete. 

Consider & a t  there  is no bending of the s h e l l  i n  the unpressurized 

condition.  

Consider the pres t ress ing  to  be achieved by "post-tensioning". 


