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2. Horizontal Wave Forces on a Rigid Platform

Katsutoshi TANIMOTO*
Shigeo TAKAHASHI**

Masahiko TODOROKI**
Yoshikazu IZUMIDA***

Synopsis

Horizontal wave forces exerted on an offshore platform have been studied by three-dimensional
model tests.

The structural geometry and the coordinate system are shown in Fig.-2.2. The still water surface
is defined by z-y plane, and z, y axes are parallel to both sides of the rectangular rigid platform.
The z axis is perpendicular to the z-y plane at the geometric center of the platform, and is positive
upwards. The rectangular rigid platform is bounded by z=2;, z, y=yi, y2, and z=s, s+hp; where
5 is the clearance between the still water surface and the bottom of platform, and %y is the thickness
of platform.

The following formulae are proposed to estimate the horizontal wave forces in the present report:

F.= Sﬁhn {CF( Poeei—pees)+Ca ;%, (uxlu,l)m.;(uzluzl),.m} dedy

Z2(2+hD
Fyzgmg* {CF(Py=m—pv=uz)+CR'2'Lygl(uv‘uyl)”wl;(u”lu”l)ysm}dzdx
M,=~FL{F: ly
where,
F;,F,; wave force components in x and ¥ directions
M, ; moment around z-axis
?; pressure intensity of incident wave
wz, u, ; water particle velocity components in z and y directions
wy ; specific weight of fluid '
g ; gravitational acceleration
Cr, Cr; non-dimensional coefficients
Li; arm length from the center of rigid platform to the application line of resultant wave force
in the horizontal plane
Both of the non-dimensional coefficients are evaluated for a rigid square platform according to the
three-dimensional test results as shown in Fig.-4.8 for Cr and Eq. 4.3 for Cg;
where

Ip; representative length of rigid platform

L ; wave length

c; wave celerity

7a; crest height of incident wave measured from the bottom of platform

In the present analyses, Stokes’ third order wave theory is used to estimate wave profile and water
particle velocity components. If the rigid platform was sufficiently submerged and infinitesimally small,
the coefficients C» and Cr should agree with mass and drag coefficients, respectively. The values of
arm lenghth [, necessary to evaluate moment of wave force is obtained from the experimental results
of oblique incident waves, and is presented in Fig.—4.27.

It may be concluded that the horizontal wave forces on a rectangular rigid platform placed near
the water surface can be evaluated by using the proposed method within an error of 20%. Percentage
of error is increased in case of large clearances compared to the wave crest. It should be further noted,
that the method is not applicable if the ratio of platform length to the wave length (//L) is near unity.

* Chief of Breakwaters Laboratory, Hydraulic Engineering Division
** Member of Breakwaters Laboratory, Hydraulic Engineering Division
*** Member of Model Test Section, Hydraulic Engineering Division
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T, B3 T D ey, &, BTN ENFH LT, &oss
&y ETHE, RGBDHBROXIK 10 OFEAHZ
Bo

gbzzﬂbro}
Evy=1Y0

e, KRG D260 EFTORXR YKo, &%
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59=§(50m +€pr—Ebz0—Evzp

FeoyptEoyp—Coyc—Epya) e 3.7
ETHEER O X AL, DX H1leb,
Eo=plp@ e 3.8

EFLhUVHAOY — b OROBREDE 10 YR

HEh, chig f 7EOWTPELLLO% T, &
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Twasepy=gd e 3.9
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FRTONEER, R IUCBOBFIRE 50
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12E7
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—7, BNHEEEIORAE B S0
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mo+qgo+Kpye=F,p e (3.15)
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Zmit R TO%SMER, ¢ 3RABEER, L
JIRThZhEEREE - 2 v+, BEBRRER TS5,
x GBI, RGO IsThéEzExzHRARD
WTOTREE,
mE g€+ Kppo=ppFz
Litho EBL EDOLADEIC 5 LI-BINBREEA
KETH D, ZOBNREL, BOBFRTHBR(.11)
HRAWTRED Fo% Fo.o L LTREOENLEFES, R

HOBEHET 5,
HEN»CHBLh B DIREBOEITHBH, R (B
17) Tk » TREOEN» SEOFEN%RD 5 DI3HE
THbBo TZT, Cpr, Co XRETHERIL, FHHEMED
FE LI Cr, Cr xAVWEDENZHRD, X B.17) &
o TREOUNERD, REBOENLE S Lkl
Hhidiebisv, 22 TR, BEOEIR (2.12) O
NEERTEHET 2, iRl sz nRFo 7,
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FRLT\V5, TRXETEOHER, KCADHEI
Tieoto 7 7 YV VERHIETH B OT—H AWM L
BB OBREES, MEOKEIORW X Ha,DHR
L ALNBEN, RERCTORENOBBEER L TRHka
FREL T Do F-3.3 Vv 7 4 VR DSR2 AYEE
TR EBHERT, T-3JAIRBERTHB. 2L,

(3.15) &K (B.1D) X h REBOENREOE ML,
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257 11.686
MD1| 12.57% 37 [ 888 J25. 15 0. 0315] 1.547] 2.739
.12 |0.615 7.69
Mpz| 3.525% 18 %50 | 7.0380. 0246 0.433 1-69,
£-3.4 Fr7 4 VEROKEHRERBRER
ay fl) 1:20/ 11{{6/ I?R/ 11507 aR/ab
g\ | (ke/\ | (ke | (kel\ | (ke 2
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%£-3.5 Va7, ERORHAREE

T. (B 2 {8 s
- + - *
h:E;Gcm 70cm ! 74cm z 78cm | 82cm
MD1 | 0.144 1 0.147 | 0.151 | 0.153 | 0.216 | 0.05
MD2|0.124° — { — | — | — | oo0s
MD3 ! 0.155 1 0.156 ' 0.158 | 0.159 | 0.150 | 0.05
MD4|0.200 — 0.203 0.201}0.212| 0.05
ay=Kplus l
ao=Kalws S i (3.18)

an=Ka/lP,’lol
Thbo FhF-3.523HKFOBBRBRARLHRD
TEEERDEAM T., EEER L ERLT% Tald
0.15sec §iith T, F*i115BRETH Do Z DEFIREE
BHOERABE T TR EE Tl ¥ p*
ANIDT, EOFABENENCH TR TH I
i, BROBRGENEEL LD ENTHEINS,
H—F Y 4 — TN T SIREREIT LTKFEED
FREL T Do 7L, KFED Fo h—F V7 5
—AOTFEERALLE E, ¥—CoMBOHT €— 2
v Mz,

M,=F.hy; e (3.19)

THH, ELHNLAOBRIIK (3.11) Db hiT,
2EI

Fzzm;—abz ......... (3.20)

Litho T TERE LTI GRV-O, EEOK
SEENOENITECIEA L2 L Thb HHD
DTN ZAEI D, AN TH,sCERGEHOE X
DD EZABZEAT Do T— 2 DBBREVTE, T
TR FEENPMEA LI LTWBH, ZoBE WX
BF,DBREIIVT I VAN WEE, BEEBREV
FERKEV, L LZDBEIL s=—8m TKEL LD
10ZBETHY, FBELIBEE LT

£-3.6.2 - OB DX FRFE AR OFER & IRERBR D

£-3.6 -7 vy s —AEROHERRRER

S as(ke) E(kglem®)| Tu(sec) | 8%

-8 - = 0.141 | 0.052
-3 -, = 0.113 ; 0.043
0  4.88X10%.3.44x10°! 0.099 ' 0.037
4 — 1 — 1 oow | ook
8 - - i 0.031 ! 0.034
12 — 4t — ' 0.072 1 0.03
® ¢ — 1 — i 0.065 1 0.034

20 7.29%X10° ' 3.74X10*% 0.058 ‘i 0.032
' i

HEPRLTV Do T, s=20cm T 0.058sec, s=0cm
T 0.099sec THh, HEOEAREICHTLIHEE,
Vo

3.4 RBHF-—ZR

ERy —AIFB.TTRLTWDBEE D THDH, FH
SEEARRECTEL T 4 vEE MD1, MD2%fi-T, %
FTEHME B2 0° DEBRFIT/LL, &z MD1izownT
B % 15°, 30°, 45° &2 x T{Ti»Tco HAEE LT
ERDZ V7 7 VA s3KEXELZIRBIERTIHLT
55—, AMTIZ 4 % — A TH B F WS Hix 10cm
~30cm BED 4~8 7 — AT, EEBOBHEERTX
DIRAESEBHMOEN SDIFENEL, TLRET
H5HDIXEThTIgLy,

BB T ET=RTER EHEEROE 2D
»iz, MD1 L@ CEEFIRTH S MD 3 2{E 2o &R
W hp DEERYTARD 1T, hp HE SREIRES
ToWT MDA #BWVTER L s, T, H DERFHE
BE=RTERLBERILThbDo SHITTDKETH —
F VY — MTDOWTEAFRIE Lice & DHEKE
h=74cm T—FE L, I—F VT 5 —N1DEE h. %F
XBTEREY, 2VTFVRsENPLT VD, SIIR
R LAi3die 12, 16, 20cm 12 TV B,

ERZEOWHY EXRTRTRTE, AL 1L 0.09%6~
0.360, Ip./L 1 IMD 1T 0.093~0.349, MD 2 T 0.042
~0.155, REEZX%® Ip. K& o7& ¥D Reynolds #
R Ut Froude 13, MD1C, 2.1~6.1X10° RU* 0.11
~0.32, MD2 T 0.9~2.7X10° KU 0.16~0.47 TH
Bo TolilL, {REMEIL Stokes D 3 FOEKRE®RIT X
K E T OIRAKFARN FHEERS % B

#&-3.8:3BE DT h=T4dcm, H=16cm 2D &L &D
Stokesm i 3 YGE LB DFETC & BB DT & DBIREE
bHLlichDThHbo E-3.52 R e IT2WT, FE
G TORIESR Y B2 B & > THEE S FIIE
BRLIL LD TH Do FHF{HIZ AILAVNEWRE, Fic
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BEABAN RBEE-H IEZ- - REF0

%£-3.7 £ B ¥ — A

. 5 o B SE KR SWRUTER | B OB oK B [ WEER

E R =B & # y - A| E B & # |y - A
KA 4 R MD1, MD2 ) MD3, MD4, MC1 3

Ip(em) 72, 32 72, 72, 2.5
279735 vA s(cm) 8,4,0,—4, —8 5 8,4,0,—4,—8 5
Vi % h(cm) 66,70, 74,78, 82 ' 66,70,74,78, 82
)i 1§ p(sec) | 2.98,2.12,1.56,1.13 4 - =
=]
hIL(h=74cm) | 0.096,0.143,0. 216, 0. 359

b % H(cm) 12~34 4~8 12~34 4~8

#-3.8 FHRFOFM (Stokes E=UOELE) (A=74cm, H=16cm DFE)

T 1. 13sec 1.56 2.12 2.98
L 206. 4cm 342.2 515.9 770.6

RIL 0.359 0.216 0.143 0.09%

HIL 0.0777 0.0468 0.0310 0.0207
/L, 1,=32 | 0.155 0.0935 0.0620 0.042
Io/L,lp=72 | 0.349 0.210 0.140 0.0934

c 182. 6cm/sec 219.4 243.4 259.4

77 45. Ocm/sec 38.5 37.1 39.0

7 9.0lem 8.94 9.25 10.0

76l H 0.563 0.559 0.578 0.625
“f" Jdp=32 | 1.44X10° 1. 232X 10° 1. 187X 10° 1. 248 10°
“o 1,272 | 3.20%10° 2.772X10° 2.68%10° 2.808%10°

i ;m 1.94 2.34 2.56 2.62
7‘&—)), r=32 | 0.254 0.217 0.209 0.220
%, Ip=72 | 0.169 0.145 0.140 0.147
ﬁ, Ip=32 | 1.03 1.24 1.37 1.46
7_31—-;., I,=72 | 0.69 0.83 0.92 0.98

B@h BB EE G & ne/H OfEASK Z 2 L% R Tr $=30° CTHAMEB LTBRETH S, EFTOH

LT3, EREIFEMOEVHDIDV-TIE Stokes M TKEA EH L, BE»OKBREZEHR LCV5 000

DEZYELE & 0 2R ER & B2, SERI Mhe F ERTOLERREC X - THbhTE D, E

BIEHATEREL VLD, TR RSB 5 & R ERIGEES

. PEBLTWBEEBbhb, 2T, 25 LKEDE

A EFRLBTICERT 287 ARAE LB 2 AIDZRIEKBTHRET S icT
4.1 BOERKR %o

FE4.1,4.23, FEAETIYL7 4 VEEEMD 1 BH4.3~4.5% T=2.98sec, H=20cm, hp %<
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" Lo e Y
Yo7, v ERTRERT A%
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BH-4.2

BELLVWEEC, Thfh s=—16cm, Ocm, 4cm @
& EDEDORAE HIc S DTH Do s=—16cm TiE, i
HTORMD LR SHETORMOLET b B2 ThH
o s=0cm,dem & 29V 75 vANRKEL BT LicH
2T, HiETORMD EFIERCEOETH M & 1358
OthX S X512y, AndrrdF v, IBE
T, Py v ERTTEE O S OREORH S
BEELBORENRADR, KEDET AKX & Ve B
4.6, 4.713, H=30cm DHFAT7 V7 5 VA3 ThZ
H s=0cm, 4cm THb, H=20cm DAL LT, =
5 LB, T L

B-4. 12, MEYFIEVFLr7 , vEEMD4 O]
W& HBET, FROTEER2EH5E 1.0cm (2L
L THREDERF XIS DTH D, & ORFITIZFEF
CHEERLENLRER TS, RDEFZT=1.56
sec T, Al T=2.98sec, ThZThENH2975
vAMs=—4, 0, 8cm DIFETH B UEioiE 20cm §]
BHDLDITOVTRLTV D, 0SS SHEITE[HER
R LD EH oD By TidbD, B TOIMIE

- o1

BHA4.3 A7, vERTERTHE
(T=2.98scc, H=20cm, s=—16em)

BEA4 FA7 . v EBTRERT
(T'=2.98sec, H=20cm, s=0cm)

BI1-4.5 Fr7, vERITERTAE
(T=2.98sec, H=20:m, s=4cm)

7y THDHLTIWDBH, 1, % T=1.56sec D2 % s=
—4cm T 24cm, s=8cm T 18cm & 7c=11.3cm T
KAk DK E v, BTTORENS 7, THRLTHH,

s=0cm %2 8cm TU3, KOTIHIZ X BR{IETA 2D S
B, 52 No.6 T, 7, 27,4 VERZ S ED
KEBE D & SR X HIIEH LT WA, THivTh
LETETOREMAZAE B P LETTR KT & 220,
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B#H-4.7 Fr7 ., v ERTIERTLE
(T=2.98sec, H=30cm, s=4cm)

Fxa N A
A i

S=z=-4cm
h=78cm
T=298s

H=20.0cny

7c=138cm

S=0cm S=0cm
h=74cm h=74cm
T=1.565 T=2.98s
H=200cm H=201cm
De=11. Scm De=137cm
NO. 3 NO.6
:"‘\I

o

&
S=8cm S=8cm 2| §
h=66cm h=66cm w2
T=1.56s T=298s ~X 1\ i
H=19.8cm He2ozem| 7 Y NV
De=11.3cm De=14.6cm|

E-4.1 Va7, v ERITORKIETOKEEKFED

s=0cm TIXIZIFKBPEET DL TR KREL -
T b, s=8cm Tit, KMAMBHTHEICRKMEE L
5T\ bo BOFEINL s=8cm DEXIZLEAE DS
¥, s=0cm ® —dcm THEOWENINTE H/PIED o
'f'C.o

4.2 HAOOREZE(L

4.1 TEBLEXYIE, FA7 4 v ERIOX S Ick

EHCERTAENIEMETH D, 22T, WESHh
Fo B DR RERIZE LR B & el Le s DR~ T
kT B,

E-4.20%, T=1.56sec, H=20cm, s=—4cm THK
e B TIAVEE T 5 & TCOBNORENE(LERL
12 b D TH D, EORED LRDI BB OKFES Foo
HED HLRDLFBETOWN DD Fr, Fr, &N F:,
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A
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207 N7
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2 Fx (Caicutation)
— e - )

. ===~ Fxa (Experiment)
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B-4.2 WEROEE X 53 OREZEL
(MD1, T=1.56sec, H=20cm, s=—4cm)
BHITOEN F.., BIEC I DASTEOKRE 7 R L
T i L, HE I BENIERD Cr, Cr xR
WTRDIBDTH Do BERUFENT & D Foo W HEK
43¢, E0E— 7R TREEMEY, A0 - 7{43E
TR REED, BRETRRNE . TibbiEIDIE
£z 1T AIERNFHEIHEBOFVEF T H Db Ty
bo "L Cp, Cpr OFHDE 2T X BI13H, FHFHI
BT Fr ® Fr ORIEETORVEZER LTV gL
AT IB BB, ThbbERRTE Fr 3, HIH
LHHE TR - AZEITHBEBbNh D, Fr it
Wi, EBMTic X aE0RT L -, BiEEKET
BFOLERENA LT kb B bhdo BT

BRI ESCTETHARINL 50

C0EE, EBTEABCSVCCEBRETH D
», EHOERBERELL t 55 £, $TO 1.19sec &bt
DEV, 0O HLRIECIER LTV B i~ #
ECVER LTV BB ta~ty T, to~ts BRIRAPRTF
AT 5. WHOBN Fe & Fp ROFIEE TOMEOHN
L1602 P& LT Fp i3, Fe 3AFRER
bo AZHEDOHE, M—EzIVTH Fr BKEL,LD
UpfL AR E WD, Tishd 6, b OFEBEIKE
W HRTBRHE COENELAEL L DDT, FpdiFr X
DLARNT B, Tt F: DERTHAOE— 78520% Fr
DFENEKERNT EDD D,

F
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T, .
Fr (Canvaten) Fn-20 ‘\J ----- Fra (Exper. Tent)
p— . cooo 10
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vy

B-4.3 WEROHEC X 5 ENORMHEL
(MD1, T=1.56sec, H=19.2cm, s=8cm)
Shizi L, BB-4.31%, MD1, T=1.56sec, H=19.2
cm, s=8m TZ7 Y 77 vApKkEL, HHEHEMLEDD
T L ESER Lic V&G COBREYRLICLDTH
Bo COHE, WHOIEARENL 0.3sec LB EHER
BETEV e, BEERERESNRONS, L L
b, TOBRLhFRHECIBHDOREVTLHE
Ly BIE TOENH T ic & & OBRETOE LG
BEALILDOLELT WA, LIA-T, WIECIERT
BYSIDHRELIY, TOBE Fp, Fr, F; O — 782l
E—FT Ho WHOMETEH T h LoERA LisyElic
BAEL, FeBELLERBRL TV,
¥ 7-[E-4. 413, MD2, T=2.98sec, H=20.8cm, s=
—dcm OBE OFEEILRBNEER LD TH %o
El-4.20%AME X D Ip /L 2P I DT Fe /&L 785
B, Fp EHARBEFENLIKRE S 4.5 ZALLS
MD 2, T=2.98sec, H=19.1cm, s=8cm DB A TH 5,

6 T - - g 30
£ F),71.504
T=-298 MD2 N (Fa)=zazl €
(kq) H =208 7 \ Fra),=1.36
=136 ¥ Gkazl.2l
4 ‘;;u 128 /I \—Front (Frakn {20
S=-ter / \ Tneonzased |7
Ces10 ! \ g'oo0e | {em)
Ce=143 / 0%,
° o
o \ 4
LI :/,4?\ o\ 10
-~ —Fa /e ERN
Fx (Ca::u’.a'.Eonye \ o\
—Fra v e Front \ Bk o Hot
0 e IS N o
¥ N ~
RN \ V4 72
<° > \ B\ 4 Po
cass0 1=1E7_SE§¥ N _;/. ,Za%’ 2525,
=130 / ’
-2} 0 / HO
~~~~~~ Fra{Exper.mamt) 1
ozcscue § !
\ — Eame
\ [
-4 : N A ) —_ 20
. 22 4 . i
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E-4.4 TOERUEIC X 5N OEMZ{L
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e 191 (Fri)eatsiszug| 1
her 1232 (Fri)oararizg . | (cm)
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H S+ Bem 13 )0amas 10
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ot -- © — - - —10
° o
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B-4.5 PEEROFHHEC X 5 OB
(MD2, T'=2.98sec, H=19.1lcm, s=8cm)

EELAROGCDIIERBERIEL, BEEHIEE
BEECidis\ o

4.3 BB Cr RV Cr DRE

DECBIR LA XS, EFMIH KRB LTENAEL
MED, D I /L BB K E N E X Fr 2 ERT 5,
Fle2 VT I vAHKKEL, BEEMNEOLTH RS
RFHMERTH L I Fr BB LTV B 207,
ZTNLENDOEBEED Y & THRE Cr, Cr ¥&ET5C
Ll lio Tk, ZKRTEHD MD1, MD2wke>
WT B=0° DBREDREE XD LITT B,

FTERE Cr % s=—8cm DBAOEBREERCE S
TERET 20 Z0BE, BHOERVAD E— 7Bzl
Bl Lice 5D Fr o€ — 7BERIE12IE—FKL, £D&
ED Fp 3RFHEDIDRIUEE B, 20, BINIGE
ELAHEEBIZLALERTELOT, KAORFRAIE
PN RN T B0

Fro=(Fi—F2)2 e “.1D
ZZe, Feto i3 Fes OFEDE— 2 {#, F.i, Fup 11 Fuo
DERVEDE — 7 {HTH Bo

Fr BMTHI5/cd & Z0BGRILR DT
%A, FEBECr=1.0& LT Cp% 05 4 OFFHTH
{EHE AT > TR T, E-4.60X 5 H=25cm O
& & Ipo/L 230150 LTy, R (16) @ X B Fry OffIL
BEAY Fr OB St $1o, EEICOWLTIT
INECREEEYZT IV S Do FORD, T

1.4 T
(Re), ST 125250
%r?) 200 | & “D’;
roleTa M2
1.2 - I
&\
‘v\\\\,
1.0 RS N T ou
0 01 0.2 l%- . .

B4.6 #HEw XD (Fe)lI(Fri)or=o

150 ©

CF 2132
298| O
212
156
113

125

|4|p O[S
<q
>

[wRRSH o

1.0 —
0 S=-8Bcm |07 B \v

f= 0° v E‘\O\ N
h = 74cm=-S 0.85“*\\ o ‘Q‘\ \Q\ R
075 ol _m N\

050
0 10 20 30 40
H (cm)

B-4.7 Crfn#E
T, —J6 Ce=2.0 &L, Cr=1.0 & LCEEXT
- TR (16) BRDIC Fpl % (Fra)oan & L, KA
Ih CraRDBZ LI LT
Cr=(Frodpatal/(Fridoar  cooeeeee (4.2)

Bl-4.TiiilhcHEHY & > C, ZDfix7r ., b L
b DTHbB. EEOWRIT O T D Cr iR EM
HRL TV 50 THIIEBHNBKRELKBIEORT, &
TIEB LT 4.2 TR X H i Fp & Fp 03E
HEEASE L, R (16) OBIFRME hizic/n e o T
BLLRIBEELLND LichioT, &£4&MTHCr
ELTRBE—EOEY RTEED/NEWEZATOfE
BEDHTERT D, DEEZRFICRL TR 4.8
5 LTRE LR Cr % IpJ/LIER L TRLES DT
HBDo T DOBBIIFIETHEBAIREALETRL, lp/L—>0T
RN —HKT A L Ebh b,

&z Cr % 5=0,4, 8cm DR F — xS\ Tt
T %0 F-4.8TR®K Cp 2{EV, ER{EDO F,; 5L
{7£% Cr Offi%k, EECHFTFL # RO THETS
TER I DPRE LI [-4.9, 4. 100320 Cr %, i

1.5

Ce \q
@
1.0H o ]32 7z>—'u\
2985 0 | © I ——
2120 | S
156 | Q[ W
13[4 x
0.5 I
0 01 0.2

l% 0.3 0.4

E-4.8 Ilp./Lizsi3% Cr DEAL
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