@creat ive
\“common

O N § E.E B

O248= 0lHE A4S M2=

o 0l HEES SH, HHxE, 38, A, 23 2 88F = S&LIL
o RS HEEE HEE = sU0

CS3 &2 2 AS MA0r gk

AHAEAMN. Aotz A HSME EATHADE LI

HEd. A5t= 0| A5=S 2l SHEE= 12T

=

o Flot=, 0 AE=2 H0E0LHH =2 2=, 0] 45
ZH5EH LHEHHMOF EhLICH
o HEAHMZSH SE2 ANE 228 OlgE =4

AEAYN 02 01X Ad= A% WEN el 3

III'°‘I
IUIU
ne
=
q,
i3
e
=

0lZ12 D& H S Legal Code)E Olalat?| H 228 218

Disclaimer &

Collection




i
HJ
o
o

<r
o
Ho

B
T

2

20074

9 e 4

3}

Mo
-



i
HJ
o
o

<r
o
Ho

B
T

Lo 2 iR T

&
&
2l

=
&P

ol

e

24

20074

9 e 4



;OH
N

—r

o]

2 4

20074

o] 9 o (%)

N



TE L ceeeeerenenee e I
TTE] BEL R e \Y4
AADSETACE wereesesrreesesesesessesesetst et ettt ettt bbbt bbbt VI
I A B 1
1.1 A M7 T E R 1
1.2 QT TEBE cerevseesensensie et 9
13 A7 90y 2 el o "LAL IO B T 4
2 R HH 9 d ZEAFA 6
21 AT FGFA ZTA T e 6
R EEPZEER 2 o B SR e 11
2.3 FYAD T A oo 18
24 AT AAA W AAAFE] BIO] S Th e 19
95 U] A THO] K] AG K L TF ] 9] et 93
3 3D GFFAR B AF A 30
3.1 3D XAl TR T AT e 30
3.2 ATl L AT HEE e 49
33 WA TO] KXW LT O] crrenen e 53
4 REFAY L 3D AR ANY AA W T 57
41 A AT ZIZ e 57



63

o

70

70

.
ﬁa

3

®
i
B

NE

II



-
B

22

.
Ho
<
oF
B

22

=)

~

o
b
nll

ol

B
ol
N

Nd

of| A 7 A

e

~&|

oF

,_._mo
=0
N

—_

i

22

.
Ho
<
oF
B

Ul

o
=

]

o] ue

N

ol A 7 A=

e

~&|

oF

,_._mo
=0
N

—

~I

i

22

10

L

o

o
i
adl

11

.

14

22

17

22

18

i

i

20

21

22

24

=300m/sec) =+

91 55V
AV

ga

22

25

2000m/sec) -

Ca

22

Bo
oo
oF
G

._.Wo
=}
N

—

~I

i
I[N

26

(V

Ho
oo
oF
Cau

,_._mo
=0
N

—

~I

N
I[N

27

(V

Bo
oo
oF
G

._.Wo
=}
N

—

~I

i
I[N

28

(V

III



io
oo
oF
Eid

,_._mo
o
N

—

NI

N
il

29
32
32
48
48

(o) PP PP
=
(o) PP PP
=

(V
3.1 FLAC 3D9 #3qf

3.2 FLAC 3D9 &9

it
it

io

oo

T

Ty
;00
=0

N
il

N

Nd

J_AO

-
v

22

o4

TH
=<
=3
"o

i
—_

To
olo
oF
i)
ﬂ_mo
[=o]
N

~I

N
il

!

Nd

ﬁo

il
v

22

Ao

oo

gl
,_._mo
o
N

—

N
il

!

Nd

ﬁo

-
v

22

,_._mo
ki
To

o)

-
o
i

)

Nd

J_AO

-
v

AL
;00
=0

i

22

AL
;00
.

OO

o

T
b

oY
)

!

Nd

ﬁo

il
)
ﬂ_mo
=)
~N

NI

i

22

,_._mo

O
o}

i
)
i

N

Nd

J_AO

-
v

,_._mo
o
N

—

i

22



MR R
o g g g o o o g g g g® g® g g g®

s

21 293 ZAXNZo] thatk m AT HEl 13
22 =X 7rvrsE ZFA R o tfdk mj AT B 15
3.1 FLAC 3D&] GAFTEF ceerereieinitieietiis s 34
3.2 FLAC 3D 2229 FEA] svreeemmeieineei e 34
3.3 FLAC 3D&] ZEA IE werreeeerretieiniieiniciieie e 35
34 FHAERN A FZAFAT AGA] WY S e, 43
35 REZ AWM A AFOl S & 8 Al W 9] S e 43
3.6 A Z T O] FFTY HEBE -vsrsseresemsensanssesseessensiiinsessesssisssssssssenisssenes A7
37 NN TR DT S XFE Rl oo g B N, 47
3.8 x=0mI Woll AT H L i s 50
39 WA 2 dd WY S (x=0m A TA L) et 51
310 x=0mB Aol A A3t HAA A HE Hhw & 5l
311 AW AT 2 A F Y LT e 52
312 A A HE Q] ST et s 59
4.1 El Centro A 2 72 (1940) wur-rvsreeneeneereeimiasioniiiiiiiiiiiin, 61
4.2 El Centro A 21 9] WGtk A3 E 2 (194() «veereenreernneens 61



The Study on 3-D Seismic Response
of the Buried Pipelines

Chun Jin Kim

Department of Civil Engineering, Graduate School of Industry,

LPukyong National University

Abstract

This research is for~dynamic behavior of seismic wave using
two different methods, 3D finite difference method @ and mode
superposition method. The aim of the research is to compare these
results about various boundary end conditions of buried pipeline and
the results for this are as shown below.

Based on the axial strains in the middle of the buried pipeline
with free ends boundary condition, we have found that the axial strain
obtained by mode superposition method 1s appeared higher 6.15% and
that by 3D finite difference method is appeared higher 593% than that
obtained by using the formula of Ogawa(2001).

To compare the results of the mode superposition method with
the 3D finite difference method, this research is analyzed with the
sinusoidal wave of transmission velocity 300m/sec and 2000m/sec,
respectively. We have studied the difference of the maximum
displacement responses for axial direction obtained by the both methods

in case that the transmission velocity is 300m/sec. The 3D finite



difference  method have shown higher values than the mode
superposition method in degree of about 38.459%6740.71% for the free
ends, fixed ends and fixed-free ends boundary condition. When
transmission velocity is 2000m/sec, the maximum displacement response
by 3D finite difference method have shown higher values than the
mode superposition method in degree of about 9.149679.229 for the free
ends and fixed-free ends boundary condition. However, at the fixed
ends boundary condition, the maximum displacement response of the
3D finite difference method have shown lower values than the mode
superposition method by 8.50%. At the boundary condition for the
transverse direction of the pipeline 1n case that the transmission
velocity is 300m/sec, the maximum displacement responses by the 3D
finite difference method have shown lower wvalues than the mode
superposition’ method in degree of about 7.99% at the fixed ends, about
8.89% at the free ends, about 23.20% at the fixed-free ends and about
571% at the simply supported ends boundary condition. However, it
has shown higher values about 7.45% at the guided ends and the
supported—guided ends boundary condition both. When ' transmission
velocity is 2000m/sec, it also is higher values' in degree of about
39.38% at the free ends, about 10.35% at the fixed—free, about 22.02%
at the guided ends, about 3.84% at the simply supported ends, about
16.83% at the supported-guided ends boundary condition. However, it
has shown lower values about 20.62% at the fixed ends boundary
condition.

In the analysis of seismic response of the buried pipeline,
thickness of the buried pipe doesn’t really affect the dynamic behavior
of buried pipeline even with the changes of ends boundary conditions
of buried pipeline based on both the axial direction and transverse

direction.
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Mode Shape, ¢, (y)

Boundary Model
Condition
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Boundary Model Mode Shape, ¢, (y)
Condition
% Boundary Value Natural Frequency, o
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ree 5 ‘ L
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ok 9 dFol tislA, ARt AF(Vely,t)> Heaviside g<F AlZH

3 Agl(y)el d2r @5 3

Vg(y,t): H(t—y/ V)sin(wt—wy/ V) (2.3)
= V,(yt)= Hit—y/ Visin(wt—2my/A) (2.4)
4714, A= Ve qste] syl
w

H(t)/= Heaviside &=2A mjdde] 489S 671 fs a4l

o) gH oA T &I L 23 AT

Ht—vV)=0 jfor all (<yv/V (2.5a)
Hit-yv V=1, jor all &3 T (2.5b)

APt 2 FARRE B8 SAGRRN A A AREAE(we(y, )=
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Soil is represented ky:
Spring-Dampers
Stiffiness: Ka (N/m~2>
Damping: Ca (N/m/sec)>
Section 1-1

a9 21 9% AAAF g Man =



a%v(y,t) av(y,t) a*v(y,t)
o +C, " +K,v(y,t)—E A oy?
av, (y,t)
= CA:—tJrKAVg(y,t) (2.6)
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(Larbi, 1995; o|¥ 2 5, 2005)

Classification Result
. — —1
Free |Displacement valy,t) = kglcoswwt)
Ends Strain exlyst) = *kgl (k_Ll)Wsin (k_Ll)quk(t)
. .k
Fixed |Displacement valyst) = ];Sln quk(t)
. 3 k k
Ends Strain exlyst) = Z%COS%%&)
k=1
Fixed | Displacement| vi(y,t)= s (%;Ll)wy (1)
Free k;1(2k Dr (2k—1)
. _ —1)mr —1)my
Ends Strain enlyst) = 1; 5T 5T (t)
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Soil is represented by:

Spring-Dampers
Stiffiness: Kt (N/m~2>
Damping: Ct (N/m/sec>
Section 1-1
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AN'
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A A F A jdd 2

S Ad wels 2 wAne AFe @ mE A4 o

3*w(y,t ow (y,t d )
m W(Qy )+CT (v )-I-KTW(y, )+E14W(y t)
ot ot oy’
ow, (y,t)
= CTZ—t—i_KTWr(y,t) (2.7)

A7 M, welyt) @ S22 aE A HkR g

S e d5A" dnrdd REF A (only)d Algtel gk gk

(at)E Ab&ete] wid e BMe(wy,t)E FAdTFo=A, 99 vEWA

w(y,t) = kilcﬁk(y)qk(t) (2.8)
=, w(yt) = ¢ (v)g.(t) (2.9)
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oL/, ) [Crw, (v:t) + Kpw, (v.0)]dy (2.10)
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(Larbi, 1995; o|¥Z &, 2005)
Classification Result
. woly,t) = i(}k(t){ "llll(/z’gLL) :mh([)’,\L) {cosh (Byy) + cos (Byy) }
Displacement k=1 cosh (L) = cos(
Free +sillll([3,4/)+si11(ﬁ,4/)}
Ends . > (sin(B,L)—sinh(5,L)
Bending erly,t) = %kz:]lqk(t)[jﬁ{ coslf(k[jk[,) — (gzL) {cosh (By) — cos (B) }
Stram +si1111(ﬁhy)fsill(ﬁk;y)}
v walgot) = Eqk( ){ slul(/zklzl) :lllh ([j’ch> {(’osh([iky) cos (ﬂuﬂ}
Displacement =1 cosh (L) = cos (
Fixed +sinh (By) —sin (Hkg/)}
Ends . D < sin (ﬁkL)*smh(ﬂL)
Bendmg 1 A g { cosh (ﬂk_L) — Cos (ﬂi[/ {(’osh (Biy) + cos H}“/>}
Stram +sinh([fky)+sin(ﬁky)}
. Hlll([)’k[/) +sinh ([)’,CL
5 (1) = D g {* {(’osh([i y) —cos (By) }
Fixed Displacement e (Pt cos (5,0 i :
1Xe +sinh(ﬁky)*sin([f,€y)}
Free (
! ) . si +sinh (6,L
Ends Bending er(y,t)= %k;qk(t)ﬁﬁ{* CO:hlz;L:LHCOS (ﬂiL; {cosh (By) + cos (By) }
Strain +sinh (By) +sin(By)}
Displacement yit) = 12608 La.(t)
Guided a
End Bendi — ) —1)my
nes SN = D0 = D (A, 6= Uy ()
Strain 4 Y L
Simply Displacement || wq(y.t)= k;sin kzy 4 (t)
Supported Bendi
ending _D_ __Dos(kr ), kry
Ends Strain er(y,t) p(y:t) 1;1( I ) 7 )
. N (2k—1)my
Supported | Displacement woly,t) kZlbm 57 alt)
Guided Bendi
ending _ D _ D &(k—Dr\ . (2k—1)7y
Ends Strain erl(y.t)= EAT(y,t) = 71;1( oL )sm Y q,(t)




2.3 A A%

28 WAd#9 764, Asd 54 2 AWEAA (Larbi, 1995)

Classification Symbol (unit) Value
Modulus of Elasticity | Ep (N/m’) 2.07 x 10"
Length L (m) 100
Average Radius R (m) 1
Concrete Thickness t (m) 0.15
Pipe Cross—Sectional Area A (m?) 0.94248
Moment of Inertia I (m") 0.47389
Mass per Unit Volume p (kg/m') 2.2x10°
Mass per Unit Length m (kg/m) 2.0735 x 10°
_ Axial Soil Stiffness Ka (N/m?) 9.34 x 10’
>l Lateral Soil Stiffness | Kr (N/m? 14.01 x 10’
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3.1.1 71 &
3D FA&A = a#:el FLAC 3DE w83 AAS 98 Al&s 3249
Lt Al (explicit finite difference)Z = 13 o 24 3xY <44

¥ 7FH(Three dimensional Continuum Space)2 32} & % (Finite Differ-
ence Mesh) 2.2 sl w3 A A Ese] Qoo xoa z+Hzhe
g A e & ke, agl o o 2 AapRA A S 7o

A A 2 —— 3 34 A (Equation of Equilibrium)
2 guk A Al (Equation of Compatibility)
— A4 4 (Equation of Constitution)
1 214 2] (Equation of Continuity)
54 2 (Equation of Motion)
3

A A 2 (Equation of Thermal Transmission)
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¥ 3.1 FLAC 3D¢) ¥ 319

) A S A+, d=()
| AekgE ™ol Az FHeko] (+)
° m;" S HEE QA o W (+)
, o o AEGHPE ()T Ao o3t
/L &l W E ()
____________ T ae g maa gre mee
st el uheh 3717k G
* e ), A FC)
X 32 FLAC 3D9 299
SI Imperial
Unit
@ @ ©) @ @ @
Length m m m cm ft in
Density | kg/m” " [10% kg/m®[10° kg/m®[10° g/cm?| slugs/ft’ | snails/in®
Force N kN MN Mdynes J1); Ibt
Stress Pa kPa MPa bar Iby/ft” psi
Gravity | m/sec” m/sec” m/sec® | cm/sec® | ft/sec’ in/sec”

o3 714, 1 bar = 10° dynes/cm® = 10° N/m® = 10° Pa

1 atm = 1.013 bars =14.7 psi = 2116 Iby/ft> = 1.01325x10° Pa

1 slug = 1 Ibes™/ft = 1459 kg

1 gravity = 9.81 m/s® = 981 cm/s® = 32.17 ft/s”




3.1.3 FLAC 3D T4

FLAC 3DolAd A5+ A2+%2E d(Nodes)? 2 4 (Elements)ell A
A s sEoy HEES HIWAAY FAANAAE ol &6t vbEA
o2 AMNS domHA s e Fxolv HdEA =R E UEWY 2
d 313 2o

FLAC 3Dt 9e g2 FA&f4 Zzalivye 22 Tetrahedral
Element& Al&3te] 845 FA ¢t} of 7] 4] Tetrahedral Elements 4%
A Feje] 842N ofdl 1y 329 Zo] 3] Hexadedral Element(
wA HeEe 84)% 5719 Tetrahedral Element® a5 o] dAibso]x
o},
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For all gridpoints (nodes)

4 N
Equilibrium Equation
Velocities (Equation of Motion) Nodal Forces
dir a.:ry, R
S SE B
P & ar PE;
\ g y,
Gauss' Theorem F; —%" jL
A
For all zones (Elements)
4 A
Stress-Strain Relation
£ (Constitutive Equation)
Strainrates | g — o' 46 (K- 2G). .+ 263 1At | . New Stress
g4y 3Tk q
\\ J

19 31 FLAC 3D9 Q33 =

a9 32 FLAC 3D 849 74



MODEL SETUF

Generate grid, deform to desired shape
Define constitutive behavior and material properties
Specify boundary and mitial conditions

2
3

Step to equlibrium state

Examine
the model response

Results unsatisfactory

Model makes sense

PERFORM ALTERATIONS
for example,

More tests
needed

@& Excavate matenal

® Change boundary conditions

Step to soluticn

Examine
the model response

Acceptable result

Yeg Parameter

study needed
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Stiffness-proportional damping©°] A&% = 7459 Hd AEA(At,)
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