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ABSTRACT

The buried pipelines are very vulnerable to damagze
during intense carthqualkes with potentially serious adverse
effect upon the rvegions that they serve. Therefors, a
realistic evalnation of strezsez induced by zeizmic euxci-

tation at different sectioms of buried pipeline syatem is

s

important to 3atisfy the adequacy of itz deszign and to
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perform a rizlt analysiz. The present study deals
with the anzalysis of buried pipeline vesponsse to randeom
ground motion and attempte to find the influence o various
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important parameters on the

motion. Ix aiso invegiigates the probakilitiez of occu-

rrence of diffevent damage statez in the pipeline dus t©o
1

evela of eavthjquale intensgity. The study
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straight pipeline &0 earthquale ewcitarion considersd
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staticnary random prc

crozEs fpectral density function to account for spatial
correlatice The z20il veaction to dynamic excitation

along the pipelength is obitained by combining the dynamic

1]
<5}
el
0}

rlane strain solution with the Mindlin's static stres
within elaztic half zpace due to uniform load. The pipeline
1s idealized as an ascsemblaze of 2D beam elementa. A
dizcrete lumped mazs model is emplayed to descvibe the

pipe motion. CGpectral analyziz iz performed to obtain the

r.m.2 pipe reaponass in awial direction and in lateral
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direction separately (independent of each other) assuming

[

that the ground motion is zither acting along the pipe-
length or perpendicular to it.

The above procedure is then modified to develop a
cneral analysiz for determining the ztresses at the in-

to two component earth-

[y
W
a3
W
Y
(0
(ay
=
(]
=
w
Cr
=h
(g
=
(L
em]
H
an
t
'—l
'—l
]
w
[£7]
[
(©

qualke incident at an angle w.vr.i a st of glokal axzes. The
twe (horvizontal) components of ground motion are asaumad

(major and mode-
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to be acting in the principal divection
rate) 30 that they may be treated as statistically inde-
pendent. The pipeline aystem iz modelled as two dimens-

ional plane frame in a viscoelastic medium. A lumped mass

=t

model i3 used for describing the pipe motion; the squa-
tions of motion arve developed by considering the motions
of pipe along both tranzlacional degrees of freedom at

a node.

Some of the imporitant cutcomes of the parametric
studies conducted with the help of the above methods of
analysis ahow that (i) considevation of cross texrms of =oil
stiffnezs and damping matrices veduces the pipe stresses;
(ii) for soft soil, the pipe strezsss becowe considerably

higher than those for the havd =20il if the PEDF of ground
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motion is modified for diffevent soil conditions; (iii)

Lresses near the
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the distribution and maznitudes o
pipe ends vary considerably with the pipe end condition,
where as the stresses in the middle attain stationary

11 minimum

i)
-

valueca for different end conditicns if certs

pirelengtha ave used in the analyzsis; (iv) Lhw‘bending



stresses at the pipe intersections ave wiach higher than
the axial stresses; an opposite phenomenon is obhserved

in the middle of a straight segment of pipzline; (v) the
bending cstrezses near the pipe intersections are magnified
significantly; the magnification and the extent of the

Fipelength over which it appearas depend on the type of

("J

intersention and the diameter ratic of the intersecting

pipes; and (vi) the angle of incidence of two component

carthquale haz considerakble influcence on the pipe atrezcses.

Finally, a methodolozy iz dezcribed for the zcizmi
rizlt analysziz of ried pipeline, in which an analytical

t
veloped to estimate the armual probabili—‘
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different damage states (damage ind-

=

ties of occurvence
ices) for a component segment of the general networl
syatem of pipelines. The earthquale iz consgidered as a
staticnary Gauseian vandom procesza.  The PIDF of ground
acceleration charactericing the cavthgualle motion iz re-
lated to the carvthquale intenzities measured in MMI scale
The stresszes induced in the component pips ségment Jdue to
each earthquale intensity are determined using the methods
of analysizs desceribed before. The damage index (DI) for
gze¢ state iz obtained by combining a damage pro-
babkility matrix (DEM) for the pipe segment with the annunal

nee of differvent levels of eavih-

probatilities of oceurr
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qualte intenzity. The paran
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damage probabilitiez at the pipe interzecticns (T and +
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Types) ov near the rveztrained ends (fixed or pinned)
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hizgh. Also high probability of major Jdam

ndicate

segment

d for the middle of straight pipe

aried in soft soil medium.
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