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1% 329 B waZe] dyol ule Ah BARolA RWES Aw H¥, Ho
FEN RUE #AANE Agsto] Au] WA AS et
dV * 2
—=mow (3.3)
dx
dM
— =V (3.4)
dx

o)

21 (3.3)°ll A m*:mp+mi+CcmCO]E}. m,, m;, m= 27 HE A0 e
Aol A, FA A4 L] deldeld A, A diFdEe] 9dold 2

Fo Ul C .= 2 2.6)°04 87t HAAk A F 2 3.3)3% 3.4) 1]
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-mow=0 (3.5)

w=ce”™ & tgstaL 2 (3.5)8 At 54 WS fFEdth
(E]84 -m )ceg”V =0 (3.6)
2 3.6 c=0 ©]99 a5 7HAoF stum 2 (3.7)S WA A Ft
Ele* —m'®* =0 (3.7)
)

9 Aol A o“=mE‘; = e} go T Aso] HIEE= wi coshox o

sinhox 2 YeRi F EA5 st

rr

wE cosox ¢ sinox = e O]

w = A4, coshox + 4, sinh ox + 4, cosox + 4, sin ox (3.8)

A (3.8)¢] wE ol&ste] A 0, BHE M, Addy V2 78 Fol w, 0,

M, Ve g4 9z

coshox sinh ox COS GX sin 6x A4,

osinh ox ccoshox —osinox G COS OX A,
Elc’ coshox Els’sinhox —Els” cosox —Els’sinox | 4, | G9)
Elc’sinhox Els’ coshox  Els’sinox  — Elo’ cosox || 4

2 390lM ZE B sate WEZA Z=[w 0 M V][ olth 4 399 u
WA AR A, Ay, A, A 7 AR state NEE A 2A0R ALgEt] T

st 2] 3.9)0 x=0% thdstar o] wjo state WE| S Z o]t 3o}

n



1 0 1 0 4

7 - 0 c 0 c 4,
" |Els> 0 -EIc’ 0 A,
0 EI’ 0 ~Els” || 4

1 1
2 2Elc*?
4, 1 © 1
A 0 — 3
2| _ 20 2Fls” |7,
AL, 1 o |
y 2 2EIG*
4 1 1
0o — 0 - ;
T 26 2EIs* |

2 @GapelA g\ A AlFEE A 3.9)el ol ear A A" x=L

23

(3.10)

(3.11)

o

Y sate WEE Z,, oletn FH o8 F AW sae WY Z, 3} Z,, S

Adeh: A9 A9 FE 72 5 94 Aok
— S T
Co Sl & -3
EI  EI
s C
-| o'S C -+ =
F 3 0 El  EI

c'EIC, G'EIS, C, &,
| 6'EIS, o'EIC, 'S, C,

_ coshoL +coscL C - coshoL —cosclL
- , C, =

C
0 2 26°

3 sinh oL +sincL g _ sinh L —sincL
- , S, =

S
! 20 26°

(3.12)
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A9 Fg olgate] 7] 728 oSt A&ndA o]%3 ¥ AW state
WEl Z, 9 7,5 owke] vekd ool v Z, =[w, 0, M, V] =

Epdict,

A2 AgdE FE ol&dte] 7] 728 olFal 3= A& il A

Ao} s A9 state M Z, S} Z Abele] BANE QA 2 5+ Yk

Z,=¥"Z, (3.14)

Aol wdFelth 4 313 A F AAA AoM Ads FE A

A, B2, 2AE BelA GERa ol A F oA, A WA Ao tee o]

en
W = fuw, +[f12 f13]{M }+ﬁ4Vn (3.15)

{Gnﬂ }:{le} W {fzz f23}{ } {f24} (3.16)
MnJrl .f31 f32 -f33 ‘f34
A 315 316014 f, = d2ddd F o (6, ) 9 2=olh.

Y

n+l

=TY,+Lw, +Rw,, (3.17)
A EandlA Y, =[0, M [elm Tx sazy 2dE= F40] 9 state ¥

Bl the Mze dgade]l Hu Feld AT Avyde] 54 mF A



oo Ly Re Agd8d FE3E Jex= #Eo|th

_ f24f‘12 _ f24f13

T:[t“]: f22 fi4 f23 f14
Y f _ .f34>f12 f _ .f34.f13

32 f14 33 fi4

, fuli fufi |
L=y = 0T T 317
) {f e fm}

4GS AHAE ol gatel A el Nt AH $HE A

Tk Ao welel thate] vEbd 4 ok (2™ 3.3).

N
Y, =T"Y , +> T"'(Lw_, +Rw_,))

n=1

Y, =T"Y,+> T"(Lw,, +Rw,)

n=l1

25

(3.18)

(3.19)

(3.20)

Al M el &

(3.21)

(3.22)

21 320 23.22)2 AR AL 7 gl LEiA] state WEIE wave WEZ

WEe sto] s /RS ol g Hrk

Illw
0 1 2

-N -N+1 -1

a9 33 $H9 A3

Ll

A% Ag BE P2 29
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3.2 Wave HE]9} WH3la)H

3.2.1 AEgde] x4 EQF

o,

3

wagde agade wf West 4 PAs: ddolt Ae] Ao 9

shel ;Ao Argtel AL wd W wow FPL Ak WRYPL o] 43
of state WEIE wave WEIZ WE Fomm AgPPe FAH Bebgye 4

Al H
Z, o 1,5 kHA AF A9 state HEI S} wave WE 2kaL S 24 (3.23)0] 4
Heteh
Z, =Dy, (3.23)
21 (3.23)04 D+ WEdgd=aA dAddd Fo 1f HH7 €4S A48 34
olth. 4 (.14)9F (3.23)= °l&sted u, 9 1, Abele] A S TR
n, =D"'F/ Dy, (3.24)
AE Fo afx FolA A717F 1 B 22 ZfAZ A" iz ddegta
s A A7 1R 2 afA7E 449l gz @de] "k 4 (3.24)%= 4

(3.25) 0= s AHyrt doh

A 07"
T NI (3.25)

oA7IA A de] nFA= ol g F A Mo A wave WE 7L ZHAAL ol= #
AS Ay =tk A9 & 928 A, =e " (a>0)Ea a2 o AoEE
ste] QAZ el BAZE A3 B 4o WskE et et a=00°]w

= g fle] Aurh Ha =00 Ayp H= vhe] 9 WEE glas vE



27
Ak q =003 B=0olW = Av Hu Fo] zrasti 94 Wi}

dojub= & 7H ATk 2 (325)E state HE]O] tlslA ThA] HelE )

N
z,=p | P'Z (3.26)

2 3149 32004 A sk el Ak AW AU wagirg on Al

FE dEedE2 FAHoE A AA "k

N
jiv

322 HSPHS o] &3 - 7|

21 32D 32294 Y, =D, & ddste] HAFE state HE A wave ]

B2 WH3)

o

Eide ¥

A @32ndlA ple a A AHeAM eeFon Adyske 32 YL pl L g
WAl Aol %o A= B s

r —a+if3 N N —a+iB n-1
0 e 0 e 0 _
{ 0} = |: eoc—iﬁ:| Hoy+ Z|: 0 a—iB:| D ' (wan + Rw—n+1 ) (3.28)

Mo 0
r a—if @ © o—ify "
Lo e 0 e 0 4

= A, - | D'(Lw, , +Rw, (3.29)

21 (3.28)% (3294 & D& wWEgdz A daddyd T af ¥WErt 45

T E
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t t
D — 12 . 12 . 330
|:_ tll +e—(x+t[3 _tll +ea—t[3 ( )

2 (3.28), (3.29), 330004 @M= Ag @Y T ol o >00|t} 4
(3.28)1AE upS Fekal A (329 upS T 5 JOeEE wave HEH 1,
7 waA 58 4 easel AA AolA (e ) W, @ v o am e
gso] dAl Gl v 1G] A BHau FAE ok ow, & 4 28)=
3H 7 4 v,

Wn _ ef(y+ik)(x0+nlcos¢) , 0 < ¢ < (331)

r
2
Ayt 2 (3.32)9 (3.33)7

r 1 ll llz (y+ik ) cos ¢ n irZ r
=—|———<€ " 3.32
Ho 2 { t, sin(B+ ia)} t, sin(B+ia) i (332

i 1 ll llZ (y+ik)1cos¢ 7"1 irZ 1
=——o|—F+—F—=€ +—t— |7 3.33
Ho 20| ¢, sin(B+ia) t,, sin(B+ia) ® (339

1

¢ = 1_e—a+iB+(v+ik)lCOS¢ P = l_e—(x+iﬁ—(y+ik)lcos¢

o k) {1 _ o Nlraribs(yrik)icosl] } o~ HiB~{v+ik)(xo 1 coso)

N, S Faklen= 31x7t 09 EE Mo ek wave number S HITE T

[si3
=2

.

)

_/,:
Y, =Dqu, (3.34)

2 @3nelX Y, ={H, H,}' 24 H,¢t H,= 27t 0+ Mol that wave
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number - H&Tolth o]ZHE A (3.15E o]&3ste] Hd=Hd gk wave

2 2.8)914 Z(k) &= B3+ 34 (random process)ol 2 G(x,t)= Had A7)

J¥ &< (autocorrelation) 7} Al Zkell FAAIGlo] A g SEA A el AHE &

o

2 eItk ol tlgss 44 gEle] $Ee Y

=
<>
s
=
[
g
IS8
Q
olo
ol
1%
&
il

H,#hn s A $50) 99) 292d deds @, o 9ol 99 2usd
dedte O = 2 (3338 HHAH

2
e 2HER] dREFFE J —ooolA o7 AiES Y mean square

value(MSV)7} #t}.

EfroF]=[ o, (k)i (3.34)



4, oA

o ZollM= Azl ARt EFs e A FI Bz A3 Y dqaAs de

P PP} F-A U olgdtel FASAT. A FF g s Tz
= Trans-Alyeska #=Z AL 59 3htE AFESISITE. 3 1 ol& ZF oA &
How AgEE wRo Aol vk Ak #Re T A wre 44
EI )20l EI(1+i8)E tiistel wejalolar §=0.042 A8t

P2 YRl fAE A4E A48T, 9aol BeH AL ofF we ws

HLAE 7HA A dojA] "EZE 750kg/m’ ol A F-E] 1010kg/m® o] WIS 7RI &
=] oAM= Hat gk 880kg/m® S ARESIGITE RS o] A7 7S A
AE A 7S A QA & o Aol dig dAE A&l fA o
ARl HA HE 05%E AFESklth

X]Zﬂj’]— HO]—% o*
> :Vj(p .
|

X,, 4000m
) g
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4.1 A Fe Bz e Fxe A
Ui 25 R 59.827 cm
At 1.173 cm
AT E 210 Gpa
HEop 7850 kg/m’
A ALY L 12.2m, 18.29m
a9 4.19 L, gagal TR R {AY] Gl wE A 0olAe] EHEd

)
D
(@}
oL
o8]
=
=
-
©
[0%¢)
*
N
N
2
2
o
1>
=
Z
filo
>~
>
ofo
ol
ok
2
£
I
Au)
K
™
(o
=2
>
olo
ol
o
-
ol
ok

= ARA L] A x, & BEF 4000m o]t}

G’ B2
®, (k)= —=-B’k*exp| - —Kk* (4.1)

A (4. 1)0A BE 28 4.2 UoE ¥ RS AASIE=Y o A=

65m & ALEStATh. o)t AN %9 NSVelth. dAldMEs o) om wejgtel
Im? & AMEstglom =2 A4 32 A7 Frd wE scale factor & FHalH

"ok ye A¥e 549 A" x7del wEbd AAseR stedl A=
y=0.002k & A& stk o] A9 A @3)el whEba oA xnk wigle]

RMSV 7} 1m 4 w] 4km ol 3ol o] #|vk Weje] RMSV = 0.7676m 7} H T}



¥ 4.2 wave-number o} 9 &£
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k <6.28 x10° rad/m

= 650 m/sec

6.28 x10° rad/m <k < 6.28 x10™" rad/m

= C

=650 —1125u + 750u” —125u°

log (2_11)
10 k

k>6.28 x107! rad/m

150 m/sec

¥ 4.2 94+ wave number ko w3t

E[G( )= [ e 7o, (ki

15

A £E 2 vk

—0

(4.3)

10+

0 \ I
0 0.02 0.04

\
0.06

0.08 0.1 0.12

wave number (rad/sec)

19 42 Aol ARk

%

33 o) T
2wy WEgs
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41 =2 W7 FAR 7S 2 oA

4.1.1 ¢=15°

AZF Al Lol 122m 9} 18.29m, YA ¢=15° A ] =5 oA Wl EQ

7t A7 Aot AV TR Y] 75 2} goerz #a YR fAE
B FAAA R ofde] A 44HE olgstd AE-FarUE 7+ F At

(Brillouin, 1946). A&-F35d= F2E2] AL AA7F A ¢ o= FAsr)

1, <1 (4.4)
#4304 Lol e s ge-Fopsrlel Welsh RMSV & Hlaslelr. e

z70] B AW

A AeEellA L o] Fow AE-Fardirl Q%o r o]Ed)

Aok weEbA] A @) AR 5 99 A9
Al ek Lo] 1829m o wje] RMSV el thgk Lo] 122m Y W] RMSV 9] H]&=
0.27 o]t}. ZHES] th3F wave number &5}
scale 2 YERNATHZH 43 9 44). 213 420904 AR dUA7F HFE o] A=
wave number 77t} 1% 43 9] WA AG-Fulpd] 2 A sHE o] A
o] glvh. webd dg-Faka

g 9 RMSV ol & 7|95 4] E3HA HE=R

F 43 A7F AR Lol WE S ¥ (9=15°, 7HsAH)

RMSV (KN-m) AUA A F37 (rad/m)
L=122m 2129.61 0.485~1.1305
L=18.29m 7859.18 0.105~0.489




HM 1077

10°

‘ /\
0 0.1 0.2 0.3 0.4 0.5 0.6
wave number

9 43 EWE wave number 553 (¢=15°, L=18.29m, 7} H)

\ \
0 0.05 0.1 0.15

wave number (rad/m)

% 44 EHE 319 ~AEY DR (g=15° L=18.29m, 7Hs FH)
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412 ¢=80°

AALZE ¢ 7F 800022 ¢ 7} 15°Y wiRTE [P} X 0 Alelo AR e A H

o] A HTHIE 44). A /e NS 19 41 25EH 7 = Ao

N :int[ al } (4.5)

2 @594 intle] & WBE Fo Y= o A RES e No| Z54=
wave number 5 &G Aol A Hrge] ) o3 U X H 0 Alole
A7 ARk EFoz QA 7He W X He| JN7E Wolx| 7] wjEolt). L o]
122m o]l EHlES] RMSV = 3900.21 KN ©]aL L ©] 1829m ] E#lES] RMSV
i 9383.15 KN otk =, L o] 1829m ¥ w2l RMSV ol tigh Lo] 122m Y wfe]
RMSV ¢] H]&= 0416 ©] T} ¢ o F JAZE 15°9F 80°o] thaijAl x|k A7}t 7}
7hg el Sl o AA yskth ol AL A3t ATt M E Ag-Fag)
7F A o m aFatediol] YA sHA EHolA A AUX|7E JFE] A= wave
number TFO R FE AP Sz o de] 9jA|sh7] kol

Ag-Forgs F2EY] BE i A7 J559 A= Fiolvh whebA

wave-number SH35E A FalSgoA] 2 ZHS 7FA A

)

o AR AR7E 7

7hA Bz el Al AA AL af et SbetRR dE-Fukeds A

A Hck 19 459 462 7217 Lo] 1829m Y Wl EHIEC] di$ wave number &
Gt 9o A9 ER AR E Yebd sloth

F 43 ¢ Lol wE G AH- 0 Abele] AH A

$ =15° ¢=80°

L=122m 339 7 1888 7H

L=18.29m 226 7l 1259 71




I
0 0.2 0.4 0.6 0.8
wave number (rad/sec)

9 45 EWE wave number 553 (¢ = 80°, L=18.29m, 7} EH)

I I
0 0.05 0.1 0.15
wave number (rad/sec)

a9 46 ZHE 3¢ AHAEY A3 (¢=280° L=18.29m, 75} H)

%
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o] A

%

42 #Z Yo A-f ol

18.29m

42.1¢=15°1L

o

oW

Az A7l Lo] 18.29m, YA ¢=15°

L™ 4.7).

ol

m )t 5

aHg B(m, +C,

=
5

o
il

[e)
a5

A

FARReZ(m,) & A 7t

i A4 FAE

ol

!

N
—

N

ol
00
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o

=

el
i

B
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7ol ol At ey Al dRAdEs A9

o a2ga A o]l =AY o A AAE
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of w2 S5 WAL (= 15° L = 18.29m)

. HdlE RMSV g ®
i A =4 (KN-m) ?rag/;jc—)rm (rad;]sec)

m, +C.m, 1023.71 0.3330~0.8825 4.30
R—-20cm m, 1099.91 0.3325~0.8825 -
m, 2490.93 0.2280~0.7290 -

m, +C.m, 1867.66 0.2580~0.7725 4.68
R m, 2001.36 0.2570~0.7720 -
m, 4001.06 0.1690~0.6335 -

m, +C.m, 4607.89 0.1510~0.5995 5.45
R +30 cm m, 4728.30 0.1505~0.5995 -
m, 6316.18 0.1225~0.5375 -

T
0.4

wave number (rad/m)

ol
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\ \
0 0.02 004 0.06 0.08 0.1 0.12 0.14 0.16

\ \ \
wave number (rad/m)

9 49 fA mEeEe] e mdE 59 e Wy v
(¢=15°, L=18.29m, H = R+30cm)

422 ¢=80° L =18.29m
¢ 7F 80°°1H ¢ 7} 15°U wje} Bl RdlEe gk RMSV ¥ @ebA il A
sl H9, FA dRdEe] 1f AEFE ¢7F 1529 wek Erh HUY

R+30cm Q1 5ol disliA A4 REFS D] & i RMSV S H sl

A AAE FAYROE RUY s HE FAE FAYES JRYRoR &
WY e we kol MaA 259% 2 SHE walth U FAS Fol Hes

2 o] ztol:= e AR

3E 45 A Rdgd mE S5 HAL (¢=280°, L = 18.29m, H=R+30cm)

2 2 m, +C.m, m, m,

1

RMSV 6303.75 KN-m 6428.47 KN-m 7936.29 KN-m




10* | | |
0 0.2 0.4 0.6 0.
wave number (rad/m)
O 410 FA EEgo] 2 RUE wave number <93 H)

(¢=280° L=18.29m, H = R+30cm)

ol

\
0 0.02

a9 411 A

0.04

\ \
0.06 0.08 0.1 0.12 0.14 0.

wave number (rad/m)

16

A g BE 3§ A=Y WS v
(¢=80°, L=18.29m, / = R+30cm)
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| =]
e

A AEdd T ¥E LY R
2 (3.18), (3.19), (320)°l o= AEdd TeF ¥ig L, RS f, 9 &8 4
A oisdste]l vERA obeiek Ak

A _ cosclLsinh oL —coshoLsincL
a 2 sinhcL —sincL

_ coshoLcoscL -1
2o EIo(sinh 6L —sin 6L )
2Elosinh oL sincL

- sinh 6L —sincL

(A.1)

t21 -

o sinh L sincL

! sinh oL — sin oL (AZ)

_ Elo’(sinh oL cos oL + cosh oLsin 6L
sinh 6L —sincL

[, =

_ o(coshoL —coscL)

’
! sinh 6L —sin 6L (A.3)

_ EIG’(sinhoL +sincl)
sinhcL —sincL

r

B. 21234 19 W3ty pof 9334 p!
Ay Teo F 1§43 Foa ddigte] 1 2t Fe 425 ¢ P Ay
ol 11T 2 18X2 *Paly |, Wy Do dgy D'E e

LR = 9ltk o] W cos(B+ia)=1, 2 o] &3
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t t
D= 12 12 (B.1)
Lsin(ﬁ +iot) —isin(B+ ia)}
1 —i
D! = l Ly Sil’l(B+iB) (B.2)
20 i
t, sin(B+ip)
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Abstract

This paper presents a seismic analysis scheme for the infinite aboveground pipeline
considering hydrodynamic pressure inside it. The infinite aboveground pipeline is modeled by
continuous Euler-Bernoulli beam which is a periodic structure. Dynamic pressure of the fluid
inside the pipeline is determined by Housner’s fluid-modeling method for the rectangular tank
and recommendations of a Study Group of the New Zealand National Society for Earthquake
Engineering. In the earthquake ground motion there are two mutually perpendicular horizontal
components and vertical one. Generally, stresses in a pipeline produced by vertical ground
shaking are relatively small and the primary analysis concerns are horizontal bending
deformations. Earthquake ground motion varies both in amplitude and phase propagating
through the crust.

For efficient analyses of periodic structures, transfer matrix approach is adopted. Transfer
matrix for one single-bay beam is derived taking into account hydrodynamic pressure. One
single-bay element is a substructure of the infinite aboveground pipeline. Seismic response of
a specific support is represented by displacement of each support and responses of the
boundary supports. Since state vector cannot be solved directly due to the numerical instability
of the transfer matrix, wave vector is first obtained by the wave-propagation approach using
transformation matrix. From the wave number response function and the power spectral
density function of the ground motion, the power spectral density function and the root mean
square value of the seismic response can be determined.

The validity of this paper is demonstrated through examples of the infinite aboveground

pipeline.

Key Word : periodic structure, wave number, transfer matrix, state vector, wave-

propagation approach, wave vector, hydrodynamic pressure, power spectral density function
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