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Three-Dimensional Contact Stress Analysis for Structural Design of Bolted
Joint Assembly of Pressure Vessels in Nuclear Power Plants

Boo Youn Lee* and Tae Woan Kim**

ABSTRACT

Bolted joint assembly for nuclear power plants consists of various components : cover plate, retainer plate, manway

flange, gasket and stud bolts/nuts.

To guarantee the soundness of the joint, it is important to prevent leakage through
the gasket and reduce the stress concentration factor at the thread root.

In this paper, Submodeling technique for the

finite element method is proposed to accurately compute three dimensional contact stresses which govern the sealing

performance and the maximum contact stresses at the threads root.

For verification of global solutions used as

boundary conditions of submodel solution, the stresses on the cover plate and the manway flange are measured by strain
gages when internal pressure is applied to the bolted joint assembly. The numerical results are compared with the

experimental results.
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Fig. 1 The components of the bolted joint assembly
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Fig. 3 Finite element mesh configuration of the global

model
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(a) Gasket

(b) Stud threads

Fig. 4 Enlarged view of the global model
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Table 1 Comparison of mesh size of a global model and

submodels.
Global model Submodel
Mesh 1 Mesh 2 Mesh 3
No. of | No. of | No. of | No. of | No. of No. of
elements| nodes klements nodes Elements nodes
Gasket | 32 75 1 320 | 486 | 880 | 1188
Stud bolt | 1193 3345 | 8640 | 10011 { 13320 15280

Fig. 5 Mesh configuration of the submodel including
the gasket
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Fig. 6 Mesh configuration of the submodel including
the stud threads
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Fig. 8 The normal stress distribution of the gasket
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Fig. 10 Location of measurement of stresses during the
hydrostatic test
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Fig. 11 Comparison of the numerical results and the
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Fig. 12 Comparison of the submodel solution and
global solution for top face of the gasket
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Fig. 13 Comparison of the submodel solution and

global solution for bottom face of the gasket
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Fig. 14 Comparison of the submodel solution and
global solution for the stud bolt
A A9 F2 BN A 4F 3He o F
A ALY = AeS ¢ F ATk
6. dE
AT AAE Y 4 &7l AMEHE
E d2 ZHYY Tx A dANA aTHE
dassAg Astel W ¥, Adoly ¥, 2
B OZAX, shad, AHE BEe YEZ 27
FEEY 349 HF $UL H4sn

1>
Wi
=43

o &
ol
S0
_8. >

(.
T

xqzﬁxj,q 2E o
Y 2E dus 4t

L7kl el &R wwlelAel S HE ¢
#HE& 9% delA Hdioln], WHom Sojriu
A A3 Aol AFE Bt

20 A ZEA oid ZdAs

- Rel P 2 8 del

shes

dob 4

thep

.41



ol R & -Hefgl : IR AL A A 16V A4%

Chaaban, A. and Jutras, M., “Static Analysis of
Buttres Threads Using the Finite Element Method,” J.
of Pressure Vessel Tech., Vol. 114, pp. 209-212, 1992.
Dubois, D. J. M., “Fatigue Analysis of Closure
Systems,” ASME ICPVT, Vol. 1, pp. 83-89, 1996.
Fukuoka, T., “Finite Element Simulation of
Tightening Process of Bolted Joint With a
Tensioner,” J. of Pressure Vessel Tech., Vol. 114, pp.
433-438, 1992.

Sawa, T., Higurashi , N. and Akagawa, H., “A Stress
Analysis of Pipe Flange Connections,” J. of
Pressure Vessel Tech., Vol. 113, pp. 497-503, 1991.
Zahavi, E., "A Finite Element Analysis of Flange
Connection,” J. of Pressure Vessel Tech., Vol. 115,
pp. 327-330, 1993.

ABAQUS User’s Manual, Hibbitt, Karlson &
Sorenson Inc., 1998.



