F2/4

EXPERIMENTAL MODEL PARAMETERS FOR PIPE WHIP

S. PALUSAMY, R.L. CLOUD, T.E. CAMPBELL

Westinghouse Electric Corporation, PWR Systems Division,
Box 355, Penn Center 2, Pittsburgh, Pennsyvania 15230, U.S.A.

SUMMARY

Pipe whip restraints are used in the nuclear power plants to limit the consequences of
a postulated pipe break. Palusamy, et al., Nucl. Eng. Design 31 (1974) 106, presented de-
sign and analysis of main steam and feedwater restraints used by Westinghouse in PWR
systems. These restraints limit the load transferred to the support by permitting large plas-
tic deformation. These consist of a heavy carbon steel pipe containment ring which holds
several short carbon steel pipes (dissipators) along the interior circumference. The contain-
ment ring is attached to the concrete by tie-rods or a rigid portal frame. The analytical
models consisted of elastic spring, mass, viscous damper, rigid-perfectly plastic spring and
elastic pipe elements. Gaps and plastic limit behavior of pipes were modelled. Numerical
solution to the equation of motion was obtained by step-by-step integration procedure. Re-
ported here are the details of experimental determination of critical model parameters.

The pipe-restraint system response depended on the local pipe deformation and on the
behavior of dissipators and the tie-rods. These were designed to deform plastically and
were modelled by Rigid-Perfectly Plastic (RPP) elements. RPP is characterized by three
parameters: plastic limit load, elastic limit displacement and ultimate displacement.

Based on previous investigations, it was assumed that static and dynamic deformation
modes are identical. Eleven experiments were conducted to define the RPP response of
the dissipators. The specimens, made of 8-SCH-100 pipes and conforming to SA-106-
Grade C, were tested statically in 200 kips universal testing machine. Loads and displace-
ments were measured. The influence of pipe length, heat treatment and methods of at-
tachment of dissipators were considered.

The outside diameter, thickness and the ratio of mean diameter-to-thickness of main
steam pipes are 32in., 1.384 in. and 22.7, respectively. The feedwater lines were made of
18-SCH-80 and 16-SCH-80 pipes with mean diameter-to-thickness ratios of 18.3 and 18.1,
respectively. All pipe materials conformed to SA-106-Grade B. Limited by the testing ma-
chine capacity, 4 specimens, made out of geometrically, similar 8-SCH-60 pipe, were tested
to define the local pipe RPP behavior.

The tie-rod behavior is limiting under compressive loading. Based on investigations by
Stevens, Plastic Design and Trussed Frames, Solid Mechanics Study No. 6, U. of Waterloo,
a set of equations were proposed to define the RPP behavior of tie-rods. Three model tests
wete carried out to verify these equations. The tie-rod specimens, made of SA-106-Grade
B materials, were fabricated out of 3-SCH-80 pipes. The restraint tie-rods were designed
for slenderness ratios less than 12. Therefore, two specimens were chosen to have a slen-
derness ratio of 7 and the third intended for checking the sensitivity of the behavior for
slenderness ratios greater than the design limit, had a value of 16.9.

From the load deformation plots, the analytical model parameters were established by
energy equivalence. Time history responses were obtained for typical pipe-restraint sys-
tems.



