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Seismic Design of High Pressure Gas Pipeline Applying “HIPER®”
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Abstract:

Goal-setting design has been introduced into the seismic design of high pressure gas pipelines since 2001.
Requirements for the design concept to ensure pipeline integrity to withstand small and medium earthquakes shall be
securing normal operability, which means no damage shall occur and operation immediately after an earthquake can
be resumed. As for large and huge earthquakes and permanent ground deformation induced by lateral spreading and
surface faults, pressure integrity shall be taken into account to prevent leakage of pipeline containment. This paper
explains examples of strain-based design applying “HIPER™ for the lateral spreading and fault movement defining the
critical local buckling strain as allowable strain. The results show that JFE’s “HIPER®" will be effective to ensure
pipeline integrity compared to conventional pipes. The API 5L line pipe with 1450 (X65) grade (APL: The American

Petroleum Institute), outside diameter of 609.6 mm, was used for the case studies.
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Table 1 History of seismic design codes
Year Design codes Checking items Critical parameters for design
1974 Petroleum Pipeline Design Codes (Draft)S) Ground motion Allowable stress
1995 (The 1995 Kobe Earthquake)
2000 Seismic Design Codes for High Pressure Pipelines | Ground motion Level-2 Allowable strain
2001 ggizggi;;“ign Guidelines Considering Lateral Lateral spreading ground settlement | Allowable bending angle
2011 (The 2011 Tohoku Offshore Earthquake)
2012 and after | Company’s own design codes Large deformation fault movement | Specific parameters

K2 BEARGEDHAVTHEHFAENE

Table 2 Allowable strain and allowable deformation of high-pressure gas pipelines

Ground displacement

Deformation mode

Seismic integrity Allowable strain

Ground motion Level-1

Cyclic axial deformation (N=50)

Straight: 1% or 35¢/D

Normal operability Bend: 1%

Temporary ground deformation
Ground motion Level-2

Cyclic axial deformation (N=3-5)

Straight: 3%
Bend: 3%

Permanent ground deformation | Lateral spreading

Bending deformation (Irreversible)

Straight: 30%
Bend:
Opening: 10%
Closing: 30%

Pressure integrity
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Fig.1 Ground deformation and corresponding
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Table 3 Pipe dimensions used for finite element analysis

Parameters Conv.(1) | Conv.(2) | “HIPER"
Pipe grade API 5L L450 (65)
Pipe diameter (mm) 609.6
Wall thickness (mm) 14.3 ‘ 20.6 143
Yield ratio 0.93 0.85
Stress ratio, 02.0/01.0 1.01 1.03
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Table 4 Critical compressive strain for the pipelines

Conv. (1) | Conv. (2) | “HIPER™
Critical compressive strain, & | 0.87% 1.06% 1.46%
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Fig. 2 Longitudinal strain distributions
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Fig.3 Analytical model of a pipeline across a lateral spreading
zone
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Fig. 4 Maximum longitudinal compressive strain
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Fig.5 Comparison of pipeline integrity in the lateral spreading
zone
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Fig. 6 Analytical model of a pipeline crossing a fault line

2.0

(%)

| 1.46%

1.06% o~ "HIPER™
0 F0.87% / Conv. (2)
Conv. (1)

1.75 m 2.§2 m 44‘60 m

0 1 2 3 4 5
Ground displacement, §g(m)

—_—
wn

Maximam longitudinal
=

strain, €.,
=}
wn
-

X7 BEEARTRER

Fig. 7 Maximum longitudinal compressive strain of the three
pipelines
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