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ABSTRACT : In this paper, a 3D shell-spring model that can perform time history analysis of buried pipelines is used to evaluate
the effect of the incident direction of the earthquake motion. When applying harmonic motions, it is shown that the period of vibration
has pronounced influence on the response of buried pipelines. With decrease in the period, the curvature of the pipeline and
corresponding response are shown to increase. To evaluate the effect of the incident angle, the motions are applied in the direction
of the pipleline, horizontal, and vertical planes. When the motion is applied parallel to the direction of the pipeline, it only induces
bending strains and therefore, the response is the lowest. Under motions subjected in horizontal and vertical planes at an angle of
45° from the longitudinal axis of the buried pipeline, the axial deformation is shown to contribute greatly to the response of the
pipelines. When imposing two-components simultaneously, the calculated response is similar to the case where only single-component
is imposed. It is because one component only induces bending strain, resulting in very small increase in the response. The trend
of the response is shown to be quite similar for recorded motions. Therefore, it is concluded that use of a single-component is
sufficient for estimation of the longitudinal response of buried pipelines.

Keywords : 3D shell-spring model, Buried pipeline, Soil-sturucture interaction, Axial strain, Bending strain
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Fig. 1. The force—displacement relationship of soil springs (ALA, 2001)

Table 1. The force—displacement relationship of soil springs (ALA, 2001)

Clay Sand
Direction Max. Resistance Max. elastic deformation Max. Resistance Max. elastic deformation
(N/mm) (mm) (N/mm) (mm)
Axial t, =mDos, x, =8~10 t, = gD'yH(l +K,) tan ke z, =3~5
Transverse D 1 .
=S N, D Y, :0A04(H+—) =~y HN, D+—~D*N, =0 04(H )
(Horizontal) Pu ™ 2ot Yu 2 by =74, o T Y,
Transverse (Vertical) 4, =S N,D — (0.01~0.015) 4, =+HN.D (0.1~0.2)
Upward !
Transverse (Vertlcal) q, = SUA/:D — (010“‘0015)1) _ '}/HN D+ i'}/DZN (0 1 015)0
Downward ’ q 92 b
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Fig. 2. Incidence angle

Table 2, Material properties of buri

ed pipeline

& % 4 Agsigm

olAA 7} 15~25kmo| A|ZI 5L

7} 5.7~6.291 AR 7|ES 24, o]A A7} 5~15kmo] il
AE7F 4.9~5291 AR5

%

o & AAFATE AR R

Pipe type Diameter Thickness Buried depth Elastic modulus Yield strength Poisson ratio
(m) (mm) (m) E (GPa) (MPa) )
Steel API-5L X65 0.762 17.5 1.5 200 445 0.3
Steel API-5L X80 1.219 20 1.5 200 625 0.3

Table 3. Soil properties

Soil ¢ Specific weight Undrained shear strength Average shear wave velocity
oi e

P (kg/m’) 5, (kPa) (m's)
Medium clay 18 50 200

Table 4. Stiffness of soil springs

Transverse-vertical direction
Axial direction Transverse-horizontal direction
. Upward Downward
Pipe 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)

Steel API-S5L X65 31.0 9 2.6 90.5 0.7 282.2 1.5 152.4
Steel API-5L X80 34.8 9 12.23.2 108.8 2.7 3164 1.5 243.8
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Table 5. Recorded motions

Earthquake Year Station name Magnitude Rrp (km) Vs30 (m/sec)
Big bear 1992 San bernardino 6.46 33.79 326
Chuetsu-oki (Japan) 2007 Sanjo 6.80 27.15 246
Imperial valley 1979 Victoria 6.53 31.92 242
Imperial valley 1979 Holtville post office 5.01 10.58 203
Northridge 1994 LA - S. Vermont Ave 6.69 3227 302
Westmorland 1981 Niland fire station 5.90 15.29 212
Whittier narrows 1987 Brea - S Flower Av. 5.99 23.49 323
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Fig. 3. Response spectra of recorded motions
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Table 6. Analytical models of buried pipelines for displacement

static time history analysis using harmonic motion

Incidence angle Model Model description

HM (1SH) SH wave, 7,, = 0.25, 0.5, 1, 2, 3s

i :;fo HM (ISV) SV wave, 7, = 0.25, 0.5, 1, 2, 3s
HM (2) SH+SV wave, 7, = 025, 0.5, 1, 2, 3s

VM (1SH) SH wave, 7., = 0.25, 0.5, 1, 2, 3s

9@:4(5)2 VM (1SV) SV wave, 7, = 025, 0.5, 1, 2, 3s
VM (2) SH+SV wave, 7, = 0.25, 0.5, 1, 2, 3s

LM (1SH) SH wave, 7, = 0.25, 0.5, 1, 2, 3s

) _:0: LM (ISV) SV wave, 7, = 025, 0.5, 1, 2, 3s
LM (2) SH+SV wave, 7,, = 0.25, 0.5, 1, 2, 3s

0.015
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Fig. 4. Calculated normalized bending strain under various harmonic
motions
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Table 7. Analytical models of buried pipelines for displacement static time history analysis using recorded motion

Incidence angle Model Model description

HM (1SH) SH wave, Large horizontal component
HM (1SV) SV wave, Large horizontal component
HM (1&1) SH wave : Large hor%zontal component
SV wave : Large horizontal component
%] i 4§° HM (182) SH wave : Large hor%zontal component
6 =0 SV wave : Small horizontal component
HM (&1 SH wave : Small hor%zontal component
SV wave : Large horizontal component
HM (2&2) SH wave : Small hor%zontal component
SV wave : Small horizontal component
VM (1SH) SH wave, Large horizontal component
VM (18V) SV wave, Large horizontal component
SV wave : Large horizontal component

VM (1&1) .
SH wave : Large horizontal component
Qj OZ VM (1&2) SV wave : Large hor%zontal component
0 =45 SH wave : Small horizontal component
VM &1) SV wave : Small hor%zontal component
SH wave : Large horizontal component
VM (2&2) SV wave : Small hor?zontal component
SH wave : Small horizontal component
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Fig. 6. Calculated normalized combined axial and bending strain
under various recorded motions
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