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Estimation of Applicability of Empirical Design Procedure
for Predicting Seismic Response of Buried Gas Pipelines
through 3D Time-history Analysis

Z 3 F'  Kwak, Hyungjoo b % 3] Park, Duhee
o] A ' Lee, Jangguen 7+ A R Kang, Jaemo

Abstract

Longitudinal strain is an important component of seismic design for buried pipelines. A design procedure which
determines the wavelength from site natural period and shear wave velocity of the soil layer and closed-form solutions
of pipelines under a harmonic motion is typically used in design. However, the applicability of the procedure has not
yet been thoroughly investigated. In this paper, displacement-time histories extracted from 1D site response analyses
are used in 3D shell-spring model to accurately predict the response of pipelines. The results are closely compared
to those from the design procedure. The area of interest is East Siberia. Performing a site response analysis to determine
site specific displacement time history is highlighted. The site natural period may be used to predict the predominant
period of the acceleration time history, but cannot be used to estimate the predominant period of the displacement time
history. If an accurate estimate of the predominant period of the displacement time history is provided, it is demonstrated

that the design equation can be successfully used to predict the response of pipelines.
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Fig. 1. Seismic wave and pipeline
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Table 1. Material properties

Pibe type Diameter Thickness Buried depth Elastic modulus Yield strength Poisson ratio
pe yp (m) (mm) E (GPa) (MPa) (v)
Steel API-5L X80 1.219 20 200 625 0.3
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Fig. 3. Force-displacement relationships of soil springs based on ALA (2001)

Table 3. Soil spring coefficients (ALA, 2001)

) o Transverse—horizontal Transverse—vertical direction
Axial direction : )
. direction Upward Downward
Soil type

Stiffness Disp. Stiffness Disp. Stiffness Disp. Stiffness Disp.
(N/mm/mm) (mm) (N/mm/mm) (mm) (N/mm/mm) (mm) (N/mm/mm) (mm)
Peat 31.8 9.0 9.2 114.4 2.0 316.4 4.1 243.8
Frozen silt 57.4 8.0 48.9 85.8 12.0 210.9 15.6 243.8
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Fig. 4. Representative shear wave velocity profiles of Eastern
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Table 4. Recorded motions

Earthquake Station name Magnitude Fault mechanism Vs30 (m/s)

Chi—Chi HWAO002 7.6 Reverse oblique 789.2

Coyote lake Gilroy array #1 5.7 Strike slip 1428.1

Loma prieta Piedmont Jr High School 6.9 Reverse oblique 895.4

Morgan hill Gilroy array #1 6.2 Strike slip 1428.1

Umbria—03 ltaly Gubbio 5.6 Normal 922.0
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