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I INTRODUCTION

Prestressed concrete pressure vessels have been analysed, designed and 
constructed. Various numerical tools exist for the analysis of these 
structures (1-11). The experimental tests on scaled models have pre­
dicted various modes of failure and safety margins. From the vast 
amount of information now available, this paper attempts to present a 
limit state approach. Equations have been developed to predict 
flexural and shear failure in the wall of the vessel. When the 
resistance of the compressive area in the top or bottom closures or 
slabs is reduced, the outside perimeter of the stand pipes develops, 
as predicted by experiments , circumferential plane of weakness. 
Under gas increasing pressure from within the main cavity, a complete 
punched-out failure of the central core of the slab can occur apart 
from general flexural cracks. The analysis presented considers the 
following effects:-

1. Minimum rupturing strength of the tendons

2. Concrete strength under complex loads

3. Limiting crack sizes affecting the integrity of the vessel

4. Rupturing strength of the liner crossing crack

Any one of the above cases defines the failure mode.

2 VESSEL WALLS UNDER FLEXURE AND SHEAR

The barrel wall is first assumed under flexure. With assumed crack 
positions the safety margin is computed. The computer program VESSEL 
shifts automatically the crack positions longitudinally and radially 
and with a new deflected shape, the safety margin is evaluated. 
Similarly all possible crack positions are investigated. Based on 
the entire crack position history, the mode of failure corresponding 
to the minimum safety margin is established. Using Fig. 1 it is 
simple to establish the following expression for flexural collapse:
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Equilibrium of forces acting on AB zone

(1) C+TT = C+T- T COT COT
Since X1 = nid and X2 = n2d and if 6" is the deflection of 
the wall at the crack zone, then the values of R", n1 and n2 
are expressed as

_ 82 2R2.8 6 .
(2) n, + n2 = 1 - T — + ---- — (€ + — ) ]

- 2d d8 2Rr Jz E

(3)

(4)

(5)

(6)

- R = [2Re (B + eT (1 - 28))+ 8o] sec a

where orthe wall rotation at the level of crack formation.

From expression (2) the values of n1 and n2 can be 
derived as

D = Id [2d - 62

(Er+.8o/zhp).aMf-8 _ F-T-L*
6 0.225 Ou

na = Id [2d - 6;
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The resistence moment offered by the vessel at ultimate

M = C (d, - 5) + T'(dJ-d') -r K2 P+Ka (d, - e)u c • LK G K? J e

=[Fv + T ' 71 (d, - %) - ras - d)

K2 p K3
- LK, G K. (d, ■ e)

Where Ki, K2, K3 are constants depending on the vessel 
geometry, prestressing layout and strains in materials.
The value of x is a value of X1 or X2 and (d - e) is a 
specific value of R".
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The gas internal pressure Pg is related to the external 
loads Fy as

(7) (Fv-K3
K,

Ki
G

Both F. and P are given incremental values.

Apart from bending the shear forces at each incremental 
position are evaluated by resolving inward forces due to 
prestressing, steel liner and bonded reinforcement and 
outward forces due to gas pressure.

3 VESSEL CAPS UNDER FLEXURE AND SHEAR

Top and bottom enclosures or caps are analysed by matching the cap 
rotation with the barrel wall rotation. The cap is subjected to 
disturbing forces and moments due to gas pressures. The restoring 
forces and moments by vertical compression of longitudinally radial 
compression of circumferential prestressing. Equilibrium equations 
have been developed in which a provision is made for gas increasing 
pressure, loads from tendons, bonded reinforcement, crack sizes and 
plug failure (flexural-cum-nominal shear, principal tensile failure, 
principal compressive failure, shear-compressive failure). The 
final equation for flexure is written in compact form as

(8) dP R 2(R - a - 2, R sind )
T • X L J1 —7—

P

- o re ein* (1 - 5 - ohg) +( P + %) (5)

+ TF (dr - x) + Tj (x + d")

Where Dw is the self weight and d is angle of vessel 
sector "under consideration.

Where plug failure due to shear is investigated, 
Campbell-Allen (1969) suggested expressions based on 
parabolic shear distribution is adopted. A direct 
relationship of the gas increasing pressure and the 
shear plug failure has been derived for the vessel by 
Bangash (1982).

(9) P = 2
(x2 - d cot y)2

X2
[B'(a0

x2- H cot y

+ oi)K tamy- oJR,dR,
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(x2 - d cot Y)2

x[B"(g + o1)k tan Y " o(2x2dcoty ~ d2cot 2y)

4. APPLICATION TO VESSELS

The Limit State Analysis is applied to Oldbury and Dungeness B vessels. 
Figures 2 and 3 show the relationship between the gas increasing 
pressure, deflections, cracks, strains and levels of safety margins. 
The results of this analysis are compared with the finite element 
analysis by Bangash (1982) using Program ISOPAR. Both sets of 
results are in close agreement.

5. SUMMARY AND CONCLUSIONS

A limit state analysis is presented for concrete nuclear vessels in 
which flexural and shear modes are included. The results obtained 
are checked against those obtained from the finite element analysis 
This analysis can be used for all concrete circular structures 
subjected to internal and external incremental loads.
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figure 2 • Oldbury Reactor Vessel — Pressure versus cracks & deflections
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Figure 3 : Dungeness B Reactor vessel — pressure versus cracks & deflections.
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