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Studies on the Aseismic Properties of Underground Pipes
By
Chikahiro Minowa

National Research Center for Disaster Prevention, Japan

Abstract

This paper describes studies on the aseismic properties ol underground pipes.
The studies consist of the briel considerations on excitations for underground pipes,
the interaction springs between grounds and pipes for axial direction. the problem
of slip between the surface of the pipe and the soil, and experiments on underground
pipes by a large-scale shaking table,

Two kinds of cxperiments were performed. In the first experiment a linear
pipeline of steel was buried in the ground in the vicinity of the shaking table. The
test pipeline was excited by the waves which were generated by the shaking table
and transmitted through the ground. The behaviors of this pipeline and the ground
would not always be similar because of differences in the rigidities between pipe and
soil, and in the boundary conditions where the pipeline ends. In this experiment.
slight differences were mceasured between the behaviors of the test pipeline and
ground.

In the second experiment, a steel pipeline with a branch pipe was set on the
shaking table and one cend of the main pile was clamped in the shaking table founda-
tion, the other being in the pit sand. The dynamic strains had values similar to
those of static strains for the same displacements. The hysteresis loops, drawn by
the restoring force and displacement at the clamped end, had energy absorption.
The neceessities for second experiment were based on the fact that the slip phenomena
are often found on the surface of pipes bents or joints in disasterous earthquakes.
The slip values for an infinite length pipeline with a hranch pipe were calculated
for sinusoidal ground waves.
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Table. 2 Mecasured acceleration amplitudes of the underground pipe in GAL

~. - . 2Hz 3Hz 4Hz 5Hz 6 Hz 7Hz 8 Hz 9Hz 10 Hz
T Y it .
0m 1.85 0.16 1.01 1.58 2.64 2,71 3.73 2.19 0.40 5.17
5m 1.75 0.14 0.96 1.67 | 2.48 2,45 3.33 2.89 0.58 5.25
35m .88 | 0.12 0.48 0.48 3.51 4.17 1.92 1.99 1.21 0.67
60.5m | 3.01 0.08 | 0.20 1.50 3.01 4.57 ‘ 5.23 2.84 0.95 2.05
F 3 HRIEMEERE (B GAL)
Table. 3 Measured acceleration amplitudes of the ground
/gg t;“ 2Hz 3Hz 4Hz | 5Hz 6 Hz ‘ 7 Hz 8Hz 9 Hz 10 Hz
ﬂl].'.l?‘ e x> -y_ = -
0 m 2.62 0.16 1.04 1.35 3.50 2.46 3.32 2.03 0.83 6.34
60.5m | 2.82 ‘ 0.09 ‘ 0,14 1.70 ‘ 3.03 4,75 4,86 2.26 1.11 ‘ 2,24
+® 4 HFENETHT MTIRE il 1079
Table. 4 Measured axial strain amplitudes of the underground pipe
S By | |
s [ms 2Hz | 3Hz 4Hz 5Hz 6 Hz 7Hz 8 Hz 9Hz ‘ 10 Hz
- R | -
5m ‘ 0.65 | 0.13 | 0.68 | 1.65 | 1.31 | 2.08 | 0.83 | 1.66 | 0.50 | 0.8l
35m | 0.70 ‘ 0.19 0.68 1.4 3.72 2.02 2.78 1.92 0.52 0.87
1976), & B7coC EERINE &
. R 5 MEWRER YL DFA KA O ATEE
Tofe. SAFLATORE L (B 2 m/sec)
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Table. 5 Apparent transmitting velocities read from

the underground pipe records
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