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3. Dynamic Response of an Offshore Platform to Random Waves

Yoshiyuki ITo*
Katsutoshi TANIMOTO**
Koji KoBUNE***

Synopsis

The dynamic response of an offshore platform with four pile legs in the 30m water
depth is investigated theoretically to random waves of uni-direction by following two cal-
culation methods.

1) Calculation by means of the spectral analysis ‘method.

A mathematical model is developed for the linearized wave-structure-foundation
system, in which the vibrating structure is treated as a one degree-of-freedom vibrator.
The natural period of this vibrating structure is 3 seconds.

’ Response characteristics of the platform displacement and the bending stresses along
the pile are calculated by means of the spectral analysis method for the Pierson-Mosko-
witz wave spectrum of the significant wave height 5.0m~0.5m. .

With regard to the linearization of wave forces on piles, the inertia force component
only is considered in this model, since the linearized drag force is negligible with respect
to the inertia force.

2) Calculation by means of the wave simulation method.

For the system of wave-structure, a time series model is developed and the wave
simulation technique is applied to give a time series data of wave forces on piles includ-
ing the non-linear drag force component. The displacement of the platform and stresses
of the pile are calculated step by step for the trains of irregular wave simulated from
the Pierson-Moskowitz spectrum of the significant wave height 5.0m.

The distribution of the extreme values of realized water elevation, wave forces, dis-
placement of the platform, and stresses of the pile are shown and compared with those
obtained theoretically from the realized spectra.

* Head of Hydraulic Engineering Division
**k  Chief of Model Test Section, Hydraulic Engineering Division
#¥%  Member of Breakwaters Laboratory, Hydraulic Engineering Division
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B CHAARZ P AERDIR, £OF EOPTIR
—E IR BVOKREZIDOHEINEL T HDhbhrb
e MBI T, BIERR LKA 55K
B ERBCIORD = LR TE BN, —BREIEITE
WPOEBRR D=, FOE FFHATER L,

Pierson ¢ Holmes (1965)¥ (%, W HOMRSFi%
HE L MEENE 2 ERDHATHZ L0b, TOREES
e LTRDTED, WHOSHEERSTA L e b

TERERHLTWS, L, ShIRENIO&RLES

WRAMTHY, WERSMO X 5 LEBEE IO 5MMLR
LT e,

2 Z AT, Borgman D fjA=R27 b A 10T,
ih%ER G.13) it & 5 BRI LTl D o T
5 THB0L, TORY TIX 2. 2 TRAIE(ESH
YROBFENBERTE 2T Th B, IELIDHES
i, HHCBELT, tmseu CHFLEBESHYRD
Briiehrbd,

WECRDIFTHIARY bbb, 0L 5 iEER
hoGfitRs, TofEErRTeE3 10X 5Kk
Be T I, BAP 17.4 ton X, RESIRSRNR 2 BERY
LB EOETH B, .

CHETNHAFERORREE L 5D LKL T
Ak 5o BAEE LT, EE 9 2m, B QR
ARZ D2 T HEM) OErEL S,

£-3.21, BEED, ), Z4OHEERLAEHLRT
AR, ok, BRAERE—R I BN, PEHA
R7 MR ET B L FESRED B CHET D, #

£-3.1 FHARZ bk BAE DO M

€ ‘ 0.691

4 4.72 ton
& Kk B B 17.4 ton
T HEE XK N 4.3 ton
KU 0 R 5.8 sec (1248)
zero-up cross S fE i+ 8.0 sec ( 902)

* SR 2 BRI OBA O\ b B RATE
B () PURRKIRER 2 BRI BE DR

®-3.2 BK¥ESH (BAL ton)

(Fm) | Fp) | (Fr)

AW X B T* 14(15) | 24(28) | 26(30)
BHAR2 v bR 15 9 17

TR RS

* () NRHIRRIR O 2 E 8 LAl

BRI LTOETEH 35, BEOLDEHDI L 5.
BIRIRBOKE L EZR LR () ARELT

bhd, COBHEOHNFEFL1.0TH B,

Z DT, BEDCOWTIREE L < —FK L Tu
B0, P oWTIE, A7 v S 1 EL»BRD 2.

Ao, hish/NIWELE - TWAZENBAD LR
Bo XD, HERANN S AL,

Wiz, ARAERD Hyms=3.5m X a¥Hhe, ¥
JIARZ b A X BRI IO root mean square & M.
WThiE, ®3.30% 51/ B, Hems ©XT 2EMIE

SRR L - T8 E Lic, 2OHE, BRABK X 5.
H OREMHZEIT IS,

%-3.3 Root Mean Square Ak
"CHAE ton)

max max max

Homs T X A T*
BPHANT PADERD | 57 | 35 | 67

7o Foms

Fw) | o) | &

7.1(6. 7[2.7(1. 96. 1(6. 7):

* () PIRHBMRIEO M ¥ 8 Ll

Zh Lz kid, Hiht dousmscu LEFERLLIC &
2 X BYUROIFETHD, Tt 2 AR2Z P ADEh i

DEY L LTh, THHNCERLBEABELMEL T5%
fiil, ZUEWMHOBATRAEVEE L L 5. BROH.

FCEDIBE IR Tk, i EEE e D,
25 LRI s UL TRRIR e, WY $ . v—

Va VERIBHRETSLD, Th LR owTit

4



RERBGE DU NIEEFEL

BRI TN B,
4. AR PABITECEZRDEEEHE

MR THCER T BB HAR2 P ARR LA,
BETRTTF v b7 4 — 2D XD ekEREGEH D 2 <2

MR X BBIIEE IO R T, Shuzl

ROl~T &5, WHCRT 2Tk 5 7R
R, BHEIR D o DUFERICIET B oo, PR ML
LTfTie 5 3D TH 3,

20T, BEHNOZEBB LTS, DL
D ik, B LEROK & W RAERRASS
Bek, b rHNIMEEDCENERTE S AL
BINDN, TITIRES LEEERASH DY EE TS
TR,

4.1 BHTHRET IHREEYD

IKER30m DRI 3517 B IEAR R KRS R % 2 B
T LiRT B, REERE-4. LIRTL, 4 KDOBANK
B EMIhb B, 5HE ESMTRSLBTHY
SRENRThCHEhTw 20 e 32, 4 X0
[ER@20m D IEH B TH 5o

TD X3 ISR ERIR Uiz, RER, Bt » &
VO X KB XS e AR L 5 2k
PBThd,
EMLRBENMEA LRV L5, +oEVdDLT
Bo MARBFORIBZAHR LY, B R,

—_——

h=35m

d=30m

t=20m

B.1 BEEERAE

4.2 SHEOFE
L2 Tl Lbe, WO X5 2l fu ki 5,
D BB—JEARRA : U, BFo—Kic—8t
2D LTEHTI AT 5o LA T, fIDAHD

BEFIE Lie il e S W RGN & Fhuic v,
2) IR D BTk, T OMIIOREKR LT, »

DEAIRIO 2 HE 2 B,

3 EMITIEITSC X SR DOl € — 2 v b ksl

W5,

ISR, WHIHSHFETHAE & L, £k TR
EEFHOT L ORD, i) FRME D B, T
%, HAEKOLE T 2T B,

WEHY 2=0 & LT, HE LA 2k s 5, 5
Ky oW TOMEAERE, Bt flz =) TE
bLT, kDX dicicd (H-4.281),

mé qd
8

® ® /3

sIE!

e f —

B-4.2 B & § o

14
=g f(z 5 0, hze20 (1)
i’ |
Tor=—BY, 250 @2
ZZig,
E, \'
B=<4EI> 4.3

T, Es oG, EI @i o llimi b
Do

h b OMPERER Y, ERELAR GRS OBIR &M
BLUOKRKRTEL OB ERLOHEELED S L fiftt
XX,

do

d2y
Ra+Rp= moe +¢g—— o (4.4)

o,
Ra, Rp: EAR XU BRIEHOKN
m: EETELE
g WP ORISR
0: EIITANL
e R THEME T B D THEET B 83, IRIRIYITIE
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PHRELT - SRR - ISR

RFRNP LR T 5 —R AP LT, ERIEM I
e -2 v MBKROFBTRDLI B,
0=Ts(w)-a-sin (wWt—e1) (4.5)
M=Tu(w;z) asin (Wt—ez) (4.6)
coie, Taw) 8L0 Tu(w;2) &, FhEREME
UM E— 2 v e A EERB IR 53 DT
55
Z 5 LB b, TR =2 v Ses R
HEEXzTCOMTFE—2 VA2 v Sy 23, B
WBARZ PAMLBROLIECKRE D,
Sss(@) =[Ts(0))2Syr(@) 4.7
Sum (@) ={Tu(@)PSm(w) “.8
DX mARy P AEERKs R EIE, 2.2 TR
TR RV, R s TER MWEBED 57
YD Z LN TE D,
4.3 BEH2ECERTIEN
HEHEA L RTINS, BEYEfc/FRT s EN
DWTHBLTH L, 2D X5 R NE, B
i35 ERTEENOPREbh %0
—ADORIERT 5 —RAWE L 52N, 2R
FDOBELTHBENBRD L 5D,
F=Tr(®)asin (wt—kx—¢) (4.9)

i, . .
7}(w)=¢MJ%i (4.10)
1z, 2BEEHOEERETH S,
T=x4 BIV z=2 2 X % 2 HKFAFHT2E DO

BE, HxORCERATHREENONMTLS2 b,
Fs=Tr(w)alsin (wt~kxa—e)+ sin (wt—kxp—e)}

=Tup(w) - Tr(w)asin (a)t— kff% - a)
(4.11)
coi,
Tup(w)=2cos pEE— XA (4.12)

2
Thh, IR L EROXCBERT BT,
X (4.11) Th» 5 &5 eiEhEfe/FRT 20
RiE, BAEC/EATAENREBR R XFELLL O
BB b, 2EARENEEER LT L LT
B

zhig,

%wm’ (4.13)
Tihebhb,

l=nL, (n=0,1, 2, )

DHE, TECERATAENIRCEL - T, &k

BRELFE D25y,
%=%C2"+1) (4.14)
Tichb,

l=(n+%)L, (=0, 1, 2, -+ )

OHE, TRCIERT3ENSEMEL k- T, AL
BB LERLT D, FOENLEWBETY, [
BWie SR NEEBR L RDD L HTED,
B ERT LB IR =R2 v Srr i3,
Srr(w)={Tr(@)2Ss(®) (4.15)
WEWEEFRT28BNAR2 b Spers 1,
Srsrs (0)=[Tur(w)PSrr(w) (4.16)
DESERDBISB,
4.4 FHEICERTIHERE

g
YvrsR  E=2.1x10kg/cm?
HEE D=150cm
AE b=2.0cm
Wi FE X h=35m
ERERE

W=1,000ton (7=#iL, £ER, ERHE Tz 2
ARt L, £0¥50 500ton HFE 2 B,)
WERE
§=q/qer=0.05 (qer: EEFFEMEARMGRE, A EE
#CrLT 2¢Cmcsabhs,)
A2 ORI R IR
K=3.5kg/cm3 (o @mE L3, Es=KD o> ‘
BRI 5,0
TR IRE
Cu=2.0
FiRGMF
H;=5.0m® Pierson-Moskowitz ® 222 } L
g ]
ti= 2 B§[HE
4.5 FHE & R*
1) &FEHhar27trn
B-4. I B RP I AR 2 T v & 2 R HEEREC
(2 ERT, 2 AW HEEREH T, R@- 1315
* AT BEAR, FIECST D Fk, NEH
B Y O ~50max &L LR DTHD, FHERO

it & THRARMEHS 102 5 X5 RIBE LTRL T
%,
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REREHE Y OB IEE T

12

——— BEKEHASI A
—a—  24ER7NEAEN (2R)

10

M )

\

8

6
e

4

2

o \/ 1

0.0 0.5 1.0 1.8 2.0 2.8 3.0

BB o8 (™) .
R-4.3 BAELW A7 vl 2 AR HIEEEE
o B &3 RPEEHS o(w=0), 20m(w=1.76), 10m
(w=2.49) T -7, X (4.14) » LA Om(o=
1.24), 8m(w=2.15), 5.7m(w=2.77) TR »T
WAHZ LNRDbLNRD,

@,

4

0.0 0.8 1.0 1.8 2.0 2.5 3.0
R w8 (™)

4.4 2&QELP AR b

Bl-4. 42, 2ARERTIEBNOEINART bV
HRLTH D, Thik, X (4.16) 2 Hbh b kil
AW IR 2 vk 2 F IHEHEBHD 2 KO T
by, CEREROKEC X - T, Z20E -2 nRHL
hah, BELENIARZ v Lol > TH1DD
D (w=0.58 rad/sec) DAMNFEE TH 5,

WSk L EHMROMAERE L »TE, ZOL3
SRR ERT AR N A2 bR, CoRER
MDDt DEIB,

(2) EWITH

FRARZ bix, RU@UDDOLSCPEBARZ b
CEMEEEEO 2FEFELTRDHA B, 4.5,
ZOEBEEBAEWA 2 b iR, B-4.6C%
fLA=27 YV ERT,

BRI, KOS TELbR B,

Ts(w)=G(w)dst:(w) 4.17)

el
I,

—0— RA=RNI A
—o— R@EaWn

i
0.0 0.5 1.0 1.5 2.0 2.9 3.0
R B B (™)

B-4.5 WRA=2 bk BAIEHBEH

©
©
~
~
o Wostttiton
0.0 0.5 1.0 1.8 2.0 2.8 3.0

B B (™)

4.6 Bfzx~<27 +n

_ 1
G(a))_[<1_$_:2>2+(2€%)2] /3 (4. 18)
Ot BTIRIBER B & B IHAOZEAL
wn=y/ Lo semmm RS

_QI2ET_ (B .
C=2 7 (BR+1)342" 2 AKRED S RER

t=q/(2VCom) . BITEH
G(w) &, BB 5HRKR YT,
4 0EEAITR,
wn=2.08 rad/sec (T»=3.0sec)
C,;=208 ton/m -
Th bo
B4 T IERL R =7 b v & BROMIER 3 & OTHEY
FLART P AERT, WERLA =2 P ik, HiE
EHMFATAEENCKB Eh Bk, TOARS T
ML TV B, HIWERLAR2 b ATk, Glo) T
Fh X 5 TR O 0, BRI (w.=2.08) fff
SEAELHIRSh, BFhTone - s 2 oAy
P D, ThHLAT, HIMZIELEECELLC
LRBELNTH B,

—_T1 —



PHEELT - SR - DAHER

o - —a- RIREE
—— BT AN b
—n BEELT 2SI

B1-4.7 ZEfIEIER & #iE L O
BLARZ b

x-4.1 FLARZ v & RRELL O

B oW EE | W om R

€ 0.625 0.764

o 2.83cm 1. 84cm

B K & ¥ 10.9 cm 6.8 cm

BB B KENM 2.8 ¢m 1.5 cm
%ﬁ%ﬁ{ﬁ@‘{zi@ﬁﬂ 3.5sec (2044) | 4.9sec (1460)
§§;;Egi§ﬁ?ss 4.5sec (1596) | 7.6sec ( 942)

* REGTRERS 2 BRI DB A O\ oW B R K(E

wk () PURREGERER 2 B 0B O BE

BHLA =7 b v bR I BRLBEK(E D RER 537 D 4
tefE%, BRCHE L B LTR-4 IR T, RAEK
13, BCEHE LSS 6.8cm, B BARE 10.9
cm rich, #1.6EcHIEIh B,

(3) HFHILS

SIS, fife— 2 v r A ETEHRE R LTRSS
hans, BHaRz vardfiFe—2 v 2 RUHR
RO, Lichis T, BERNARZ FAR, A (4
AL, FHRAR2 M AKETEDEEBERO 2
®ELTRDLNS,

~

—o— WRASIbA
—a— BhEAER

/|

1.5 2.0 2.5 3.0,

10

B o & (™)

Bl-4.8 B A2 P r FIEGHEZEK

678 5.5 7o 7.5 PR 3.0
B 8 (™)

K-4.9 KIEHARZ b

Bl-4.812, ZORIEEHEEBB R ERAR bk
BAROURL, B4 ICFHENARZ PV ERT, & &
Th, BHARZ PADE 5K 2ODFEERE— 2 MR
BHh B, H10bonHERCR YN ind,
%z ik (@=0.6rad/sec H}E) £ DI ERT 5N
X BN o fERTaEIC L 3IGnEhE
KAHZELY S » TET S D, HBLEVHENTTER
Tr kB, GHEEREBL, F0X 5 efiEEORD
BRI TELT I LN TER,

BH A2+ L OBKIG O EGEEY, st
A Xsb0rfeTHRA2LFRT, BHFEORRIE
ik 560kg/cm? T, BB OHEOH2MEL b,

F42 JENRR2 b LBRENORKEE

B E | BwHE
€ 0.5 0.747
g 145 kg/cm? 76. 8 kg/cm?

B k& H*E 556 kg/cm? 286 kg/cm?

EEBKIG D 153 kg/cm? 64.1 kg/cm?

%***’573"’3‘2 R | 3 4sec (2094) | 4.7 sec (1532)

Zero-up Cross

g 7.1sec (1019)

* REBERSR 2 RS OB/ E OV bY A RK(E
O PIRIRERR 2 R OB A OB

4.1sec (1768)

{4)  BRIE I OREET1 43 47

RIETRDI LS RIEHARZ P s X ORBED v
R - TREITRDBLNTED, £DL5K
LTRDEFEKRICHNO 5%, BRFEOHE L KL
THE-4. 10277,

B, BEMNT L EETKE VW, BRI EE
RHLRBN, FHCHERCECTE LY,

4.6 BaDABEREICLIHE

BB OHER/REL» D, BEYOEEREM 3 B, HR
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R DU HE

kgsem®

B-4.10 BRI D RERIT 18 5347
AR PADE =7 %5 B Y Hhic—R
R TR L ML ZARLBDR b b LT, TW

%ﬁ@%mif%:kﬂ%bbﬁto%:f,:Cfu
W o EZEWRREY, G0 BAEMEECE ST
RIS,

Pierson-Moskowitz ® 2 = 7 b uit, A7 + AEE
ORI ERYHOKE IR I VR EBNE, FOLD
CREHHEEEYE LT L v, DEWERETY S L h
o, FEREBREERENCE 5,

ST, £ht 5m, im, 0.5m &
FlawT, HEETR o MEL T 5HHEL,
Fifll= 2 ¥ —{ENSho 0.2% L 3T -»T, ¥
DOPIKDAERhE L, F]-4.31c, £ 5 LTRDBER
RABEEKE A2 YA€ — 2 HTOMAMEK, $L0
rhoweind s/, Wk, A<z rroesits
FBOH Uigs IR LTV 5,

3m, 2m,

%43 B B X
H Uyg.s w [ Ty T, Ly Ly ®max Tmax Lmax
(m (m/sec) | (radfsec)| (rad[sec)| (sec) (sec) (m) (m) |(radfsec) | (sec) (m)
5.0 15.3 0.376 2.81 16.7 2.24 256 7.87 0. 562 11.2 161
3.0 11.9 0. 486 3.67 12.9 1.73 187 4.72 0.726 8.66 110
2.0 9.67 0.595 4.44 10.6 1.41 142 3.15 0. 889 7.07 " 76
1.0 6.84 0.842 . 6. 28 7.47 1.00 80.1 1.57 1. 26 5.00 39
0.5 4.84 1.19 8.89 5.28 0.707 40.8 0.787 1.78 3.54 20

DL REHREE 3 mT T, HRERDEL, S
20, bCEENREEE SRAEKChb ) —B LR
ferio\, KA T Hi=5mDHPEHEHT, BikH
fr#e LTk B.2) chrbhafEifAvi, B-4.11
i, TOX5RREEOBLE KHEY - 2 oRREEY
ARLTW5B,

B-4. 1203, £ 7 — R BOPBPE =2 F — (Eyy) &0
THWD, B IOCENOL=2A ¥ —(EFF, Esds
LU Eo) D%, FERE=FL¥F -t Hs=5m O

I T T e
0 1.0 L5 2.0

E-4.11

R RS & BB B

BEDWRE=FNVF-OLEHLTRL L b O TH
Bo T, EZAALF—LIL, A2 PAFELIE

ErplHs) (x10°tonim®)

EplHa)
Ew(Hs) o
Enta) <107
EvelHs)
E,, )

(2 todym’)

T T

el

TS A S L

t 75 3 2 17 85 3,2 |
xi10 Ey(Hs)  xI0
Egy(Hse5)
1 1 1 1 J
50 3.0 20 1.0 0.5
Hs(m)

E-4.12 fi4 OFRE BT 58 = %0 ¥ — DUk
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PEEEAT - BABF - IHER

AREEAN RS Lcfi: LT 5,
HHEFELNE L LTHHE, Ep 250 2 Fio gl
LTh& kB, Err © Eyy i 314, Z0B4E
BIE—FE ThHBo Ess|Epy 8 XU EowolEy i3, HHIE
NI THLERBDTREL RT3, TR,
BROFEFE R EY O BB RBEECE S b
RO E s EECEbh s LItk B,
Bl-4.131x, Hs=5m oOfHzEEEr LicHBEOWEN,
BTRLE OIS OBAED 1/3 FRFHEE R LA b D
Thb, HHRIFEZE LB, drdofRs=
ANF =, fo THPNE=F A F—NHEREEYNEL
FTBIOR TR - T Aod, BRI, JEHDOMERERI
BLTWBZ EnEDLR B,

T4 4T, FART FARDNTOEMEY L HT

Fog (Hs)

/]
/

08

Al
/

Fpg (Hs=5)

Sby (Hs)
Spy(Hs=8)

by (Hs)
Op§(Hy=5)

0.6 N

'\\

A

//

0.2

~

00

L

1.0 06 0.4

He

0.2

5
F-4.13 fixoFHEECHTS

RLTHE R, 1/3 BARTFSEOLE
F-44 A} AL OEAEOKY
ARy bAD HEER BHEEE B % & i x fiE Z€ro-up-cross
L Hi(m) a 3y f | wPHIE | FEREHCec) | THBPH(sec)
5 | 0.704| 1.246m | 4.591m | 1.100m | 2.173m | 5.77 (1247) | 8.14 ( 885)
3 | 0.704| 0.778 | 2.806 | 0.665 | 1.304 | 4.47 (1610) | 6.30. (1143)
Wga<sra | 2 | 0.704] 0.499 | 1.897 | 0.444 | 0.869 | 3.65 (1971) | 5.15. (1399)
1 | 0704| 0.249 | 0.971 | 0.222 | 0.435 | 2.58 (2788) | 3.64° (1979)
0.5| 0.704| 0.125 | 0.497 | 0.111 | 0.217 | 1.83 (3942) | 2.57 (2799)
5 | 0.694 | 4.102 ton| 14.46 ton| 3.646 ton| 7.074 ton| 5.51 (1308) | 7.65 ( 942)
‘ 3 | 0683|2621 | 9.85 |2.400 | 4.605 449 (1601) | 6.15 (1170)
Bha<rrar| 2 | 0.658|1.803 6.8 |1.702 |3.194 3.89 (1852) | 5.16 (1395)
1 | 0.587|0.913 3.55 |0.926 |1.648 3.10 (2326) | 3.82 (1883)
0.5| 0.499 | 0.443 1.75 |0.481 |o0.814 2.51 (2866) | 2.90 (2484)
5 | 0.617| 2.87cm | 11.04cm | 2.83cm | 5.15cm | 3.51 (2049) | 4.47 (1612)
3 | 0.455| 2.36 9.15 2.63 4.36 3.40 (2116) | 3.82 (1885)
Ta<r i | 2 | 0327 211 8.21 249 | 3.94 | 330 (2153) | 3.54 (2034)
1 | 0217| 178 6.98 2.19 3.37 3.28 (2193) | 3.36 (2140)
0.5 0.212| 1.19 4.67 1.46 2.25 3.18 (2261) | 3.26 (2210)
K K K K

5 | 0.520 [147.3%8] Js6o o5&/ lis 7K/ logo.1kel | 344 (2006) | 4.05 (1779)
3 | 0.392(130.0  [506.4  [149.9  |242.3 3.37 (2137) | 3.66 (1966)
Eha<z A | 2 | 0.295119.9  [468.4  [143.6  |225.4 3.33 (2161) | 3.49 (2065)
1 | 0.2040104.6 |406.2 127.2  [196.0 3.28 (2195) | 3.35 (2149)
0.5| 0.194|69.8  [273.8 85.5  [131.9 3.19 (2254) | 3.26 (2211)

* () PIREBERER 2 R OB G OB

5. BRYIab—2a ECEBRAEER
"

5.1 HBSLUBRNDL I:L=va

Pierson-Moskowitz D 2 =7 + i, ANHEAIFE O

ERIVCE Y o v—1r35,
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REREHEY D IIGE T

AHRAUPTLRNEORGPOFE LT, RO LS b
xbhd,

N ——
ﬂ(x; t)= 2 ~/2Sy,7(cou)‘da)u°sin (a)”t—k,.x—e,.)
n=1

(5.1)
i, .
@a2=kag tanh knd (5.2)
BI,
en: —n~1 E—HERTT VX 2AHTT S

faizhect
Ay A RBBROSE 0K ECIH L Db Db

Bo —fHC, KO 2EHIEEIND S ONEE Ly

1) BESWHSMO S ODE[EHHTE Kb VvE
to
2) FEBHULAKRECIRIFELE LARGHENZ L,
ZD200&GRAKGIET DL LT, £
WORENE L5 X S e fEld3HEns 510, &
DOFER, WOV I . v=va vVERBEE2E LS
A, B TIVWHETHHDT, RKERLTH L,
Bz RN F - HE LR OIREY a & THiE,
Pierson-Moskowitz D AR 27 b A% FHWT, K (G.1) ik
KDL 5B,

N
7(z, t)=a lein (Wnt—knz—¢n) (5.3)
Ne=

a=={z-—-——3am-4}”’ (5. 9)

£ZAEIRORBAFWE 0, BHE =2 F -1 %

G755 RAREBCEET 50 —~FEThH b, &

DFERRTEZBN B,
On=PfYwo{ln 2N—In (2n—1)} -  (5.5)

L2 LZ OFER, BEHENA - T BHALTL
DT E RE Lo T, ikt o EA Rk B
TR, B LWIERIE LT A5, *5 LIBER
ROLTORABERB IR Thinn,

X T, ZCCREABEEY G do TESEL, K
KRB T 0P T—HERS v & 2BRET B Y
B Lo BRI CNG L T5/MEMEIR, 2.3 C
BR7ANL, ERANEE L OEBEEMNER Fhe= &
NFE—-D 0.2%%E e or~w; DETH 3,

ZOHBE, n FAORSWOIRFRKRO L Siwdz b
h3,

M=/4Mf&4m&» (5.6)

(n-1

i,
Aw:"’ZT““-’—' (.7)
Lichis T, AHAIER
7z, = §lan sin (@nt—knz—en)  (5.8)

EHLTY S 2 v— 2R3,
oA, RFEER L UINEEC2WTE, RO X
5t 5o

cosh ky2 sin ((J)nt— fenc~ en)

N
u(x, 2, t)= a "
( taad] ) "2=1 ”a)”smhk,.d

6.9
. & jcosh bz
ot ll(l,z, t)— Elﬂnw" sinh nd
X cos (Cl)nt'—knx—sn) (5 10)

—7, PR+ s8aEL b O, X 6.
DTHRLEML, ko3 edExbhs,

Sz, =, t)=dpulul +¢M% (5.11)

LitiaT, Thiek (6.9), G.10)Ths5xrbhs «
& 0uf0r wRAGIUE, ARAC X5 IsRkHHR
ZDo
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RO, WITECHR - b O L ARk 4 IR v
SEET5, WMbFWFHieonwTh, 4.2 GiExedo
LEETH B, 1oL, ZOBAR-5 IR TL S

RRBEECEEERTHBbDL T3,

AT, FHLCEEER T RGN0 45T,

1 AA ETHWTORS Ra, Ra' s X OhiiFE— 2
v b Ma, Ma' 1, ESTKPER 0 ke LT,
TRERRD L S Iie B,

12EI @ z\3 z\2
Ra=-2 20+ [ (=25 ) +3(5)}

X f(xa, 2, t)dz (5.12)
e o) ()
X f(za, =z, t)dz (5.13)
aa=So= [ -G+ ()
Xhf(za, 2, t)dz (5.14)
=== (7)) + ()}
xhf(zxa, z, t)dz (5.15)
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d 3 2

. Pyu)=£{—2(%)+a(%>}
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IR 1775 » 7o
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F5.4 TlEARD bk BRI DR HAE
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WAL OSEH P AR (sec) 2.89 (2515) 2.86 (2519) 3.5 (2044)
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A DT (sec) | 2.98(2419) | 2.77(2596) | 2. 96(2435) | 2.75(2623) | 3.4 (2094)
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