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wf = gHWf TWW ZEHWW
4% Ausd s 2 Hon 5ET 4 Ao
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M3 Miz%h@ K% KL%&H EPH
o cBoord B 0=00 (312
Wﬂ MZZ@ZE E(Zl KZZ@ZE Q:a

o714 M, K (i) =1,2% 22 =] A 5l A fddola, G, (i=1,2%F

o AY &R FERBC WANY AQEES Bdsits AgEd B
o fAle ARel Aget el Lrhs WPEAL WHAA Bk FYE

o SJsA HEUYS FA FHHoRRE vew e Brke) WHHFL 7B

T 3

F=-Lp, =-L{palin, +P2fi+psn} (GRS
A7IM L2 Exd wugs ddgor Weehs fdoln. ek AAA A
THHAE HHA77] flske] A(3.13)00M FAe A ThEE MEHE ANkl i3l

AHEE WE R deE g A3 2o,

F=-Mbi,-M, H-K5n (3.14)

F AEUNE 99 o] &R WE S ol Yehl| the Ax o]

e o= gl
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M pali, +M  i+K ;N =0 (3.15)

w2 dgel A JHEE WEE A JhEE MR e o A 2ok,

t=u" +1i, (3.16)

o714 & A A siEE wWEolth aElal |2 £

A e 02l WHolaL, i = ANk 7ERolth 241205 2(3.14), 21(3.15)

3} (316 o §3te] The} gol UEhd gtk

G, ML 0D OG Ky Qg B Mp o 0Q
s s f f i s s f r=_ s s f f -

%/In IV|22+M22 M2r| 2%+%(21 K22 K2r| 25__%/|21 IV|22+M22 Mm%“g (317)

O A O O O

I]O Mn2 Mnn ng DO 0 Knn ng I]O MnZ Mnnl]

Fewd e 4@1)E AARAL wEste] Fue gqelA s g

AqE 7
g 9o Ae Abgste] s A, ol fFAlol A= doshing &Ell tHEt AL+

p%(x,t) =0 (at free surface) (3.18)
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21(3.18)= 2(34)°ll ti§isle] thie] x£x124S dojd 4 it
nxt) =0 (3.19)
9ol Ae Agshd 2310 tSH o] mEELH
DTW [G G w n
0 épw}ﬂ t % -0 (3.20)
gww g;wf wa @ana
o] AL ey 43120 et e Ae 98 5 At
Py =P1ln, +PA (3.214)
M pwlny +Mpqi =0 (3.21b)
(32195 HE 21S ol&3dte] ey 2 ke AT o® YEd 5 9l
=3
F=-Lp, =-L{p,ln, +P,ii} (3.22)
2(321b)E °l83t 4(322)F twt ol M
F=-Lp, =-L{p; =pP.M M 1} U, (3.23)
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F =ML, (3.24)

213242 213120 tdstd AB17)E v Aoz gAE ¢ vk

WS MS s r I]( S r IJ\/I D
0 1 12_f %1%4_'] 12%1%25 . Eﬂl'jg (3.25)
%/I a M 2+M22 rza E( 32 rza &‘A; M32+M22H

#2 ol B30 AL Bl A AXsA G 5L Bk 0@ fAlo

FEol BE oAEGA FFE = F A=A g FA FUHE o] &t F

o fAle] EghEe] ofs) wEs Wi P9 BRE Ua BEe AAAFHE 2
ke Falo] o2 A@s)el ALga k.

Steady stae ol 54 Fupol o@ AWEFE wel Aolggrel Fash
E wRe] AMn BYY FR5E e 5L AUt BE 9w F9

Fol A s 9l A5 wE 7HA= Z34&5 (harmonic motion) .= 3 & ¥
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Alyeska #=E AF§SHT) o] #Ro] WA P 19 413 i o AlLS ®
41°] JeERATE B2 A3bAE = 1829molar, Holwtd 7l FERIAE
7148t B34S El tlale]l EI(+id) & AM83l3, 6=004% =Tl B2 U
Fo fA= 99 Hy W 880kg/m* S ARSI oA A weFo o
3 v9] A~ EY W= Shinozuka ) Deodatis(1998)7} A|¢t3at thg 2]1S A}
&gt}
oK)= BSkzexp%B—szE 4.1
e 2 (4.1)
I 41 A e B2 Ad
R=59.827cm
WHHEAF (R) 59.827 cm
7 (t) 1.173cm
e Al (B) 210 Gpa
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Abstract

An analysis method of an infinite surface-mounted pipeline with an arbitrary cross sectional
shape considering the dynamic fluid pressure induced by seismic waves is presented. The
pipeline is modeled as an infinite and periodic Euler-Bernoulli beam. The wave-number
response for bending moment of the pipeline is analyzed with transfer matrix and wave vector.
The cross section of the pipeline and the fluid in the pipeline are modeled by finite elements
and by boundary elements, respectively. To calculate dynamic fluid pressure, the coupled
boundary element-finite element method is used. This pressure is considered as external force
added on the pipeline

The moment of the pipeline decreases due to dynamic behavior of fluid while it increases
due to deformation of the cross sectional shape. The dynamic behavior of fluid is dominant
effect. However in view of the wave-number response function for bending moment, the effect
of deformation is more significant than that of dynamic behavior of fluid, near the wave
number corresponding to natural frequency of coupled mode. Therefore the dynamic behavior
of fluid and the deformation of cross sectional shape of the pipeline must be considered to

analyze the infinite surface-mounted pipeline.

Keywords

Dynamic fluid pressure, infinite surface-mounted pipeline, coupled boundary element-finite

element method, wave-number response function, steady-state response

Student Number: 98415-504



45

Al 2
Ayt

=
=

Urh 2ES uhe g9

1

kel
H

=z
=4

o
J}J

%

¢
oV

o
s
T

o

3

™
w

)l

s
e

ofp
W

o
N

5
5)

RevA
[}

1 w0 QL7 TR

125
o

3 of

RS

LS

2

il

ko3
T

tﬂ'

3)
5)

]

R

A
A A A Euy, aea, -9 BEE

]

[e]

1

ol

S
a

%.
Ytk A5 o] &3t 1l o

Eay

=]

I
gEHor AE w$AE B

s

el

el

o

——
o

i
H

o

o

AF =g,

1
=

7

B

* N\ Nk

Q

oAl AW AFE AL

SF..

©

&t

]

Y7k U5y

R
%

;oE
Bl
22

ofx v}

ol

271 2-) ol Al Auolx 2

Q)
=

o
T



46

of
_

o vh-gof

3l

513

SR

ol w oA =et

—_
file)

ol

R

2 vleknbe] b 5

Folo

o))
o

\_lrkl

—

<

o))
G

)

P e Tk ¥

W g

1o

N

el
il

—_
a
.EI

eyl
)

ol
"
TH

o

oju} EfLsfal 7|

=
&1

=
y T

0

1o]3

fro

ofo

)
N

A ok

R’

2

N7 7F2) AFolg(sH o]

o 45

Sela o Absle] Weleh Aol glojA vold wE

ANA AFULh) oA A =y

¢}

o A

of-~ o} 4= 2o W, ol

ojv} A+t Q.

=]
S,

=
-

wy

A =l

e
=

of, 7t&°l, ol =

waak gel A Hejuas

o)
BR

)

o}

el

AFol, A, 7], Aol Al avkeS.



47

4

AbEA Zroletehyel Al

v}k
H

ANAE aLvpE

=
=

El

fJgtol wo] FAd o2l T

e

T

N

A Azl A

arell i

;OH
7

33
el

el

= HFAH..

g
A

oA A o]

[sig
=

25 o] _

|

o

-2000 4 1



