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Shaking table test on up-down large diameter water pipelines
crossing at short distance
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Abstract: Water pipelines are important lifeline engineering. In order to study the seismic dynamic response law of
up-down large diameter water pipelines crossing at short distance. A series of shaking table tests with a model
similarity ratio of 1:10 were conducted to study the seismic response law of large diameter water transmission
pipelines in close proximity. The acceleration response and strain response of the structure and soil layer under
single pipeline structure and cross pipeline conditions were compared and analyzed. The analysis results show that
underpass pipelines have a complex impact on the acceleration response of the upper pipeline, depending on the
size of the load, site dynamic characteristics, etc; When the input peak values of El-Centro are 0.1 g and 0.2 ¢,
the downward crossing of the pipeline reduces the acceleration of the upper pipeline by 28.0% and 7.9%,
respectively relative to a single pipeline. However, when these valuses of El-Centro are 0.4 g and 0.6 g, the peak
acceleration of the upper pipeline increases by 4.9% and 39.5% relative to the acceleration of a single pipeline. The
underpassing pipeline reduces the peak value and increases the bandwidth of the Fourier spectrum of acceleration
when passing through the pipeline. The maximum strain peak of the pipeline occurs at a 45° between the lower part
of the pipeline and the horizontal plane, which is 3.6% to 39.0% lower than the peak strain of a single pipeline.
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Fig. 1 Shear box and circular pipe model
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Fig.3 Schematic diagram of crossing pipeline location
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Table 3  Comparison of peak acceleration and amplification factor between pipe A and pipe B

P (a2-A) T XAETE-B & (a2-B) [(a2-B)—-(a2-A) ]/ (a2-A)
I G5 — - - — - -
T B W/ o N T g W/ o IO w26 6 3 b/ %
EL-01 0.164 1.47 0.118 1.18 -28.0
EL-02 0.254 1.17 0.234 1.17 -7.9
EL-04 0.349 0.78 0.366 0.92 4.9
EL-06 0.471 0.62 0.657 1.10 39.5
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Fig. 6  Fourier spectra of pipe A and pipe B under 0.1 g El-Centro wave excitation
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Table 4 Comparison of peak acceleration and amplification factors between pipe B and pipe C

B il (a2-B) C Eil (a8-C) [(a2-B)—(a8-C)]/(a8-C)
R A g O SR A g R FRAL W25 B 5t/ %
EL-01 0.118 1.18 0.106 1.06 11.3
EL-02 0.234 1.17 0.203 1.02 15.3
FL-04 0.366 0.92 0.288 0.72 27.1
EL-06 0.657 1.10 0.683 1.14 -3.8
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Table 5 Peak acceleration and amplification factors between pipe and soil

I A [ (a2-A)-(a5-A) ] SCLHIE B [ (a2-B)—(a5-B) ]
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s2
M MOk EE ok \ A Mok WEE ok : A
Vefte  RM Wle % MEARW% el Zm e zg READI%
EL-01 0.164 1.47 0.105 1.05 56.2 0.118 1.18 0.112 1.12 54
EL-02 0.254 1.17 0.191 0.96 32.9 0.234 1.17 0.194 0.97 20.6
EL-04 0.349 0.78 0.276 0.69 26.4 0.366 0.92 0.343 0.86 6.7
EL-06 0.471 0.69 0.442 0.73 6.5 0.657 1.10 0.587 0.98 11.9
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