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to obtain the r.m.s. plpe response.

pipelength produced by random ground
motion: (i) the soil cross (dynamic)
stiffness between different stations; (ii)
embedment depth; (iii) shear wave velocity

and associated power spectral density

1 INTRODUCTION

A realistic evaluation of stresses induced
by seismic excitation at different secti-

ons of buried pipeline is important both

for assessing the adequacy of its design

and for performing a seismic risk analysis.

For such evaluation of stresses, the
method of analysis should consider seve-
ral factors such as the randomness of

ground motion, a comprehensive description

of soil reactions that includes finite
embedment depth and cross soil stiffness
between different stations, variable end
condition for the pipelength, character-
istics of soil medium and their effect

on the ground motion, existence of liquid
or gas within the pipe, flexibility of

joints, pipe insulation and sl ippage, etc.

It is not possible to consider all these

factors in one analysis, and therefore, 1t

is essential to study their relative 1m-

portance and accordingly, incorporate

In previous works

them in the analysis.
1980b and

(Hindy & Novak 1979, 1980a,

- of these factors have been studied.

~ for further study in this direction
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paper, a p

1is made to specifically inves tigate the
effects of the following factors Ondthi ?
1_'-7'.;1: Pl o o : n S

arametric study

function (PSDF) for the ground motlon;

(iv) existence of fluid inside the pipe;
and (v) the pipe end conditions. A dis-
crete lumped mass model 1s used for the
dynamic analysis which can take into
account the soil cross stiffness and varil-
able pipe end conditions. The earthquake
random motion 18 considered as a stationary
random process characterized by a PSDE.
The response 18 obtained by a frequency

domain spectral analysis.

2 THEORY

The buried pipeline
elastic, circular,

flexible joints) and ide s an
assemblage of 2D beam elements 10 infinite

viscoelastic homogeneous so@lmediumwith
f requency independent material damping.

A discrete lumped mass model (shown 1n
to describe the p1pe€ '

is assumed to be
continuous (without any

alized as an

Pio, 1) §5 uasg _
mo%ion and to obtaln the response 0%1 buried
e

to random ground motion.

ipeline unc on.
Eepresentations of seismic excitation gnd
soil reaction to pipe motion are descril

hefore the equation of motion is developed.
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3.1 Effect of element length on
the pipe stresses

The stresses in the middle of
buried pipeline (having length L)
are obtained using different element

lengths. The ends of .
aregassumed to be on gu1ded supports

(Figure 1). It 1s seen from
Figure 4a that

obtained from
sensitive to the element

However,

decrease in element
reduction of stressSeEsS
constant for element

Figure 4b shows that the b?nﬁzz%
ctresses decrease as the ele _

b . d
tength 1s reduced an
almost a stationary value for

element length 1 € 2T -

the axial stresses obtained

length 1 £ 121

solution 1
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i
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Fig.4b Variation of r.m.S.

bending stress 1D the middle ?f
pipe with the element length 1.
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T RETERT of. = end conditions On
the pipe Sstresses

For different pipe end condliéogi,
the stresses neat the endz aend
the middle of pipelquthb gg So3;
upon the length of P1P€ eing

' tresse
{vzads Ihe PAPE N
O%tained oo B Q1fferenF
tions by solution-2 using

| +hs and keepln t—
Plpel??% same for gll %l _1ii525£
for lateral vibration and : a

for axial vibration) . s
The variations of r.Mm.S.

| he
and bending stYesSSes with t
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and fixed end conditions. Further,
Figure 7 shows that the stationary
values of bending StressSes at the
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values of L/r_  ratio £3: 20 . E6 43

depending upon the end condition).
It is to be noted that the sta-
tionary values of the bending and
axial stresses in the middle of the
pipeline are the same for all end
conditions. , beyond a certain
length of pipeline (being analyzed),
the stresses at the mid-length are
independent of pipe end condition;

the minimum pipelength requirec
detends uponp p gth required

the boundary condition

=

i el
ST
a

L
i

] :
--.1-' T
-----

- | - i s - L ]
| '\.' SIS ; =0 T E :
| ] 2, r I = i : T :
|~_- ’I o' i 2 “ b - i |""_ ;
v Y " o -
T Bl o -2 ; L
Al B oo o :
5 f % T
o wlr & et . H . - i
bl BT - i o il .
s T b sl § < 1 L%+ B !
b ¥ xr
AN B eV s Y ¥ .
: o+ o i [} = . .
: TR e 3

Sinpes ends, the bendin,
greatly magnified. Ct
B U $8dS (restrq;,
against rotations) have i
EERRE PN EHE distrip, ;  lc,
bending stresses REODS 1. O of

lJength. The Stresgeg'a{”?}q
are about beio times those ;. ©nq,
middle and the Effegt of Hﬁ -;_
restraint 1S only Eiliteq '© eng
' g of about 4 i iy
distanc T at gy

ends .
Thus, the end Condltirﬂ“la

: . : -
buried pipeline may great],

the stresses near the e enh.
M fr L
The degree of enhHHCEmenE endg

d - . der
upon the end conditiopg bej . Do,
imposed. ‘lng °

Based on the above req
minimum length of pipel;
required for stationary

el
¢J . Lhe

ne MJ -

Str{:._’“f'

condition corresponding s
end COndltlon 18 divldﬁd in*-'af(:_._._?f
L O y

]- 11 _;:.“.‘
EI] Eﬁf'h'

in lateral vibration ang 7 _
in axial vibration) and .
the parametric study.,

8000
N
L o
// - 2 . e s?::;; ::: :::glind
s > (devided by 4)
4

1-Free-free ends
2-Fixed-fixed ends
3- Fixed-free ends

4 g "‘""-é— A!ialgﬂrﬂsgs (kgg'" ;

150 200 250
Slenderness ratio (L/ro)

100

Fig, 5 Variation of r.m.
Stresses in the middle and &t :
end of pipe with the slendernés

the

v Bele " 0 Sofiditions.




] s e

A — T T e

——
T —

e L —

1‘FTE_E*-fI‘EE =n

g- g?ﬂtd ~Su idegsends.

- Finned-pin

4~ Fixed -ﬁx endEdg:d“:E

5-Fixed - free ends

6~-Fixed- guided ends
7-Fixed - pinned ends
8-Guided-free ends

g 0

L
=
E=

stress (kgicm?) in the middle

iy
.
e

N
-

r.m.s.Bending

| 1
80

L
70

i
60
Slenderness ratio (L/rg)

O

& 50

Fig. 6 Variation of r.m.s.bending
—ess in the middle of pipe with

+he slenderness ratio (L/ro) for

different end conditions.

Stress of the fixed end

_____ — Stress of the guided end
(multiplied by 10)

1-Fixed-free ends
2-Fixed-guided ends
3-Fixed-fixed ends
L- Fixed- pmned ends
5- Guided-Guided ends
6-Guided -fixed ends

KA

]
g
.1
[t
Fea
e

S KRR

AR

ARAR)

rm.s. Bending stresses (Itg-ltmz) at the pipe ends

o

N ‘ Ts - 5 C
Slenderness ratio L'rﬂ
. : | - . n
Fig-'7 Variatlon'of r.m.S.iﬁﬁni;eg
stresses at the pilpe€ endsfgr
slenderness ratlo (L(ro)

different end conditions.

1“Free-free ends
2-Fixed-fixed ends
Fixed-1ree ends

2,3

1,3

0 L/8 Li& 3LRE i SLi% XRIKA AW

y12. 8- Distrivulilion of
normalized r.m.s. axial stre
(w.r.t. stress in the middle
the pipelength for different
conditions.

adl

1-Free -free ends

2- Guided - guided ends
3. Pinned- pinned ends
L-Fixed- tixed ends
5-Fixed - free ends
6-Fixed - guided ends
7-Fixed - pinned ends
8- Guided -free ends

bending
t+ stress 1n the

631

9 Distribution of the

stresses
niddle) along
for different €



| gses 1 rqt

gff}f Z::em ent deptt : t of decrease€

in solution=z,y - o

;?a 1;ci}n:i_s not significan (abgaused when

uction in the S :

riidreduced from 30r tO SrO? By
the reduction %S'tbecomes

h dgcyease-lghe _idgoil e

reduced by a
from 30 T, to J I,

that for d > 30 1,
almost constant.

:
v
i
£
53000
o

w 2000

-, 1000

™~
X
e
v
b
-
U
E
(N

a0

A o R 30 35
Embedment depth ratio (d/rp)

0 5

Fig. ;O Variation of r.m.s. stresses in
the middle of pipelength with the
embedment depth ratio (d/ro).

Soft soil condition (V_ < 70 m/secs

v oo a certain limit ang th
fairly constant over a range . . ‘¢

-a |
The va

jue of shear wave Velggjbl;?ih;
250 m/sec,) af ter Yd‘li(:_‘.h the St‘r;;c.“. :
fairly constant signifies e A
near firm soil medium. “hdigs On,
It is already known that t},.

: - fEiFT_
values of V_ represent differ. . ' er

~tyﬂ?€ﬁ3, p“:CKD%Tjijg;lyr,-(iijffﬁfrgﬂqt A
characteristics of filters (w FALUR
: -3

for the soil medium correngndi_%;
f V_ should be iy S

value O g considereq
\d

analysis for different valyes of

study is, therefore, made bYrmfoa"ﬁ
ground acceleration Spectra1&33ﬁﬂ3hgfﬁi
the soil condition (repr‘f‘-sented b TR

Y

-.J
] 1t "

For each soil condition, a shey. . S

velocity V_ and a set of filte, C.m;

f:r IlI ~
EI ..
V

har:
+dCTay
; 1 78} a)
1SL1CS g: zg.ﬂ £ Zfare aSSUIl’led (EE;

Figure3). The corresponding .
acceleration spectra are shoyp L ln]’.:l
Using the above data, the e L8ure 3

are obtained and plotted vergyc y . o5
=iy

S
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seen that as VS increases, the Di =
stresses decrease sharply. Usinﬁpihr
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reference, it can be seen from Figure
that the bending stresses in the pi
&); pipeline buried in average

s = 150m/Se€c ) and firm (V. -
330 m/sec) soils are about O.(26\{5a§d 0.15

times (respectively) of that obtaine for
soft soil. Figure 13 shows that these
ratios for the bending stresses at the
fixed ends of a pipeline are about 0.3
and_0.23. For axial stresses, these
ratios are 0.23 and 0.10 for the middle
and 0.33 and 0.16 for the fixed ends.
These results are opposite to those
obtained without modifying the ground
acceleration spectrum for the ground
condition (Figure 11). It is to be mer
tioned that the earlier investigation
(Hindy & Novak 1980a) on the relationsi’?
e Vs and pipe stresses assumed the
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3.5 Effect of fluid inside the pipe

The preceding results have been obtained
with the assumption that the pipeline %5
empty. Tables 1 and 2 show the comparison
between r.m.s. stresses in the middle of
pipeline and natural frequencies gbtgined
by and without considering water inside
the pipe. It 1s seen from the tables that
when the pipe is full of water, the natural
frequencies are significantly less than
those for the empty pipe; however, there
is no significant difference between the
stresses obtained for the two Cases. This
can be explained from the following facts:
Since the dominant €energy of egrthquake
excitation is confined only within low )
frequency range (see Figure 3), the (empty

pipe-soil system has most gf its respo?se
in this frequency range wblch is much iz;
than the natural frequencles of the system.

Thus, practically,no dynamic am

of the response 18 caused and the

| | ner. For
responds 1n a pseudo static man

the pipe with water full condition, Eget
natural frequencies are.redgced byhé %he
50%, however, they yemalnhlghgr t anner
frequencies OVer which the doglnantfg edgy
of the acceleration spectrunm is confined.
As a result, the system agaill @eh§¥§s :
pseudo <tatically. Thus, no signi ican
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 -5'_€1_ '_-_-._'-':m_"fﬂ-llﬂwmg conclusions can be drawn from
P ”,tﬁﬂ'P&r&metric study:

T Consideration of cross terms of soil

gtiffﬁéss and damping matrices in the analy-
~ reduces the pipe stresses; the reduc-

At
5
_EIQMEﬂt

JREECIE Cne 5 _
epil condition (represented by VS).

depends upon many parameters such as
length, location of section at

2. The embedment depth has little effect

upon the stresses. The pipe stress is
| ed by about 15% only for shallow

uc ,
gue::iial (d = 5r_), and it becomes almost

_-cgnStﬂnt A

3. The existence of fluid inside the pipe-

1ine does not significantly influence the
ﬁgs are consider§bly altered.
4. Beyond certain length of
(being considered in the analysis), the
stresses in the middle of pipelength are
independent of the pipe end conditions.

The minimum length of the pipe required to

achieve this condition differs for axial
and bending stresses and depends upon the
boundary conditions imposed at the pipe

ends. These pipelengths are minimum for
free ends and maximum for fixed ends.
lengths of pipe are required to achieve
stationary values of stresses at the pipe

ends.
5. The stresses near the pipe ends are

enhanced due to the pipe end conditions.

The degree of enhancement and the distance

over which the effect of end restraints
prevails depend upon the end conditions

and the type of stresses to be calculated
Compared to the fixed

(axial or bending).
ends, the guided ends provide very less

magnification for the bending stresses at

the ends. For pinned ends, although the

‘bending stresses at the ends are zero, they

~are greatly magnified over a certain
length near the ends.

not influenced by the variation of V_.

the Etreﬁs.-es'decrease rapidly with the
decrease in .Vs. These results are valid

}.fﬂmﬁm ground acceleration spectrum
ﬁ”#ﬁfﬁiJl

assumed for all values of £

0K in accordance with the soil
t&ibyvs), the stresses

3;’ Thus, if the

] T e Ry L A
B e i SRl 4 SRRl T L S B S e R R
o i,_---,,.h‘_.._ vl "'1':. ".".,'-"."" W £
i = pifL WLt H -u 3

he stresses are calculated, and the

for embedment depth of d » 30 r .

e response although the natural frequen-

the pipeline

Less

6. For firm soil condition (represented
by 250 < ¥ K530 m/sec), the stresses are

\ the ground acceleration spectra

ground acceleration spectrum is not modi-
fied for the soil condition, the pipe

stresses will be grossly under-estimated
for very soft soil condition ('v‘{3 & 70 o/

SEC? and will be over-estimated for soils
having vV, > 70 m/sec.
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