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ABSTRACT

When wall-thinning in a pipe occurs during operation of nuclear power plant, reinforcement of the pipe needs
to be performed. Accordingly, the structural response of the piping system due to introduction of the reinforcement
may be re-evaluated. For elastic structural analysis of the piping system with the reinforced pipe using finite element
(FE) analysis, the stiffness of the reinforced pipe is needed. In this study, the stiffness matrix of wall-thinned pipe
with pad reinforcement or composite reinforcement is analytically derived. The validity of the proposed equations
is checked by comparing with systematic finite element (FE) analysis results.
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F=applied tension

M, =applied bending moment for i = x, y
T=applied torsion

l, I, I, = half length of pipe, reinforcement and
wall-thinning

t, t, t,, = thickness of pipe, reinforcement and wall-thinning
t;1, t;,> = thickness of material 1 and 2 in composite
reinforcement

7, 1, = inner radius and outer radius of pipe

q = half angle of wall-thinned area of pipe

y = half angle of pad reinforcement

ko = elastic stiffness of pure pipe
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K, B kT = elastic stiffness of reinforced wall-thinned
pipe for tension, bending and torsion

1, I, I, = moment of inertia of pure pipe, reinforcement
and wall-thinned pipe

J, Ji, J» = polar moment of inertia of pure pipe,
reinforcement and wall-thinned pipe

A, A, A, = cross-sectional area of pure pipe, reinforcement
and wall-thinned pipe

m", m" m" = dimensionless variable for tension, bending
and torsion

K, W 1" = final correction factor for tension, bending
and torsion

E, E; = Young’s modulus of pure pipe and reinforcement

G, G; = shear modulus of pure pipe and reinforcement
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Fig. 1 Schematic design of reinforced wall-thinned pipe.
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Fig. 2 Design of pad and composite reinforcement.
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Fig. 3 Illustration of reinforcement of wall-thinned pipe
based on principle of superposition.
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Table 1 Analysis cases for equivalent stiffness calculation

Dimensions Ratio
Force M, M, T, F
b/t 0.25, 0.75
1/l 0.125 0.25 0.5 0.75
/1, 1.5 1 1.5 1 1.5 1

Fig. 4 FE mesh example of reinforced wall-thinned pipe.
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Fig. 5 Comparsion of simulation result and theoritical calculation result for pad reinforcement (a) for tension, (b)
for bending (x-direction), (c) for bending (y-direction) and (d) for torsion.
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Fig. 6 Comparsion of simulation result and theoritical calculation result for composite reinforcement (a) for
tension, (b) for bending (x-direction), (c) for bending (y-direction) and (d) for torsion.
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