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STUDY ON FINITE AMPLITUDE STANDING WAVES AND THEIR

PRESSURES UPON A VERTICAL WALL
Yoshimi Goda*
Shusaku Kakizaki**

Synopsis

The problem of standing wave pressures upon a vertical wall is one of basic questions to be solved for

the reliable design of maritime structures. Since the phenomenon of standing waves is a non-linear boundary

problem of velocity potential, the analysis requires the calculation of high order approximation. The third
order approximation obtained by Tadjbaksh and Keller 1960 has been extended to-the fourth order solution
for the standing waves on the water of flnite depth.

Based on this solution, the surface profiles and wave pressures bave been computed for various conditions
of standing waves with the aid of a digital computer TOSBAC 3400 ; the FORTRAN program is listed on the
Appendix C. In the pressure computation, the residue of surface pressure which is inherent to the preturbed
solution of the non-linear wave problem has been corrected for the practical purpose.

Experiments have been conducted for the wave pressures upon a model caisson of 1.5m high for about
eighty waves with the relative depth of A/L=0.05 through 03. The pressure time histories and total wave
forces obtained in the experiments showed good agreement with the results of computation. The theory
also predicts the appearance of double humps on pressure records at the time of wave crests, which is consi-
dered as the transient phenomenon from standing wave pressures of small smplitude to the breaking wave
pressures of shock type. Another interesting result of finite amplitude effect is the apparent decrease of
reflection ecefficient of a vertical wall determined with the Healey’s method, even though the wall reflects the
incident waves completely.

. Based on the results of the above theory, numerical computations, and experiments, several design diagrams
for the estimation of maximum total wave force upon a vertical wall have been prepared and listed on the

Appendix A.

* Chief, Model Test Section, Hydraulics Division.
** Member of Design Standard Section, Design Standard Division (Formerly, Member of Breakwater
Laboratory, Hydraulics Division).
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® T SR TTIRENEK
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Appendix A. Calculation Diagrams for the Pressures
and Other Characteristics of Standing Waves

CCIGRTIOROFHERE R, AX TR K D IKE
BHRICESBEHEORRE, ZBRERESRLTET
BELLSDTH B, UT, BROBKRTHEAZRT,
(1) sERHE

JKE © h=15m
A#y : T=8sec
BE:H=7m
(2) KPHREWK h/La BEUCRERE H/La
HER A1 o KERERERSED L,
h/La=0.18
T, BEBIVKEAIRLI,

La= ) 18—83m

H/LA——SS—-—O 084

bodb, KE-« B - EROKAE, fHINLL)
BEFIHNUT, ThEROIEBRED.

(3) BRROWIE
BRIRERK & LTOWRIEZ, FEA2 5
L _ —
_I::_O' 99 L=82m

LLTkDOB NG, UL, COFHER, HHEHA- 3~
A-102FES1DICRARETH Y, KICEFRRIBOES
ﬁmﬁﬁ%ﬁmtm&%ccm&o60)@550
(4) INSA—=F— ¢
HHEEATRORNE %&i, ﬁlA 3 T/T A~
— ¢ DEERDTELOVBERTH 5. CDHITI,

_§__= s e= 8 =
97H/La 0.84 ", e=0. 4% 6.28x0.084=0. 44

(5) BXHTEE pmas,
HEA - 455, Jmas/H DIEETS E Do

Tmas_1 36 . pper=1 36X7=9.5m '

Th, BOBICHY BRIEKER,
Pmin=(2-1. 36) X 7=4. 5m
(6) RBFORHE Ke
CRIREHEA -5 55
Kr=0.73
LHBEBNB,
(1) BXHSN Pras

B & DRABESN Pmas 3 HEA -6 OE¥SORD
5,
_%Im%w. 65
Pras=0. 65 1. 03% 7% 15="70ton/m
LRBONDB, HORICET BHhEORAHEN Pmin i3,
HEA-6 OEESZRD,

Pmtn =0. 4
wHh =0.49
Prin=0. 49X 1. 03x7x15 53ton/m

(8) EBIE—AVFM
HRA T TRAENDERADBIERD, chZ
BARBACERLTENT %,

B : —_0 69
Mmaz=0. 69X 15X 70=725ton-m/m
b & :%:0. 44
Mumin=0. 44 X 15X 53=349ton-m/m

(9) BXRHMSOKELAE
HEA-8 ZHL,

7*=0.9%X7=6.3m

AXTHBRRIcE I, 7* BREKEER mez LD
NENC ERUIZLIED B0
10) Bk DO BKE R ERE

HEA-9 ZHW,

ﬁ%:o. 69 .. pr*=0.69x1. 03X 7=5. Oton/m?
ERBONDB, COIBAELT, EMBEDORBBENE
x, AIAEKELE M DEEDL2EHELTR, BITR
HAHALT, y=+3m LLoBsoEIEZELS
WTEHT B ENEZDONB, TDEAR, 7* & p*

R,
AP=?><(6 3-3.0)x=>
P=70—4. 3=66ton/m
L83, oL, BKEICEY 2BREERER, n*
X HRENTENDH B,
1) BKHEDEOKERERE
HEA- 1028,
R %:o. 42
p*=0. 42X 1. 03X 7=3. Oton/m?
P =052
p,'=0.52%1. 03X 7=3. 7Tton/m?

%X 5. 0=4. 3ton/m
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Appendle Examples of Wave Pvessure Records and Pressure Dlstnbutlons
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8 C. ERFEOFESHA FORTRAN -0
VAFFN

Appendix C. FORTRAN Program for Computation

of Standing Wave Force

CDORETRNLEEOHER, TN TURRIELE
WEHHEZED TOSAC 3400 2T - B2 NICH
WeFe s a0, BEb—RNAEOEVEEHER
D70 7T AEPTICRT . B8, 2O 07541,
TOSBAC 3400 @ A#pk FORTRAN TEZhhTED,
LAATF—FTHERATHBDT, IBM © FORTRANI &
BABABBREETREBEABH 5,

D7 u s 7 nid, KE, B, BXUHEE% m-sec
BATEZ T, Kb, 287, fOFRAADEE, &4
DY FERE OB HIZ (L% ton-m-sec B THET 2
bDTHb, FHEMERIZ, BHICOOTIZEAHD1/36
MR T, BERERSSHUDIEET 510ELIANOAE
DONWTHIEIND L HIE-> T3,

9, COFuSI ARHERINTOEEREKLE,
AEXTHEDN T IEROHRELEUTICRT,

% FORTRAN 704 S LAFEZXHNBE

EF & ANES VAT N
JKEE (m) h DEPTH
A (sec) T PERIOD
HE (m) L WAVEL
BEE (m) H HEIGHT
BEREAO®EE (M) v AY (D
. yi/h Y )
KE EHE (m) 7 (t) SURFEL (I)
BE (t/m*) p @y P Q@D
FEES ap (8) SURFP(I)
27 (t/m) P(t) FORCE(I)
BHERAAOEE(mM) S @) ARM ()
IR M h/La DLA
h/L DL
kah=27xh/La DA
kh=2zh/L D
B H/La HLA
H/L HL
kaH EA
3 E
AR @ 0OG (2N)
o™ OGN (2N)
B 25 am, n AM+1,N+1)
i FEAREK ym, o G(M+1,N+1)
=HBE% cos not; COSNT(N,I)
R FRBE B cosh nk(h+y;) COSHNY(N,])
cosh nk(h+7n) COSHEL(I)
sinh #nk(h+7) SINHEL(I)



HEDIEFE IR~~~ ® Main Program % R IR
SinE BN b, FESEAKDOTHEREMZ 5,

ACCEPT TAPE : DEPTH %##:A%, Chdi0o TR
FHERICHEAOR KY, 5X020®S AY
(1)~AY(KY) #%i#%, &5 PERIOD &HEIL
GHT #%5t#:AL, 1 DOKETHEDLDFKICD
WTEHE T 5 & %3, PERIOD & HEIGHT o#f
G TT — I - TH L,

DA=WAVEKD(DEEPDA) : 7245 4T 2zh/Lo
%58 LT Function WAVEKD T 2zh/La %
kb, TORERMLS La, H/La, 3EZREEHET
5, ¥EE 0.1%LIA.

CALL CORECT : 2zh/La & 2zH/La »5H (44) &
(49) DHYHFEAREBNT 2nh/L & ¢ 2
i 2, cnBAEEICL-TED, BEiTZ
0.19, kh OFIED 0.02% LN TH 5.

CALL OMEGA : o™, o™ DEEH 5P UDHELT
B<Lo

CALL PROFIC : RS am.n REHELTES DS S
LICRT

CALL PRESCO : JiFEHREL ym.n ZFELTES 0TS
LITRT,

CALL TIMFAC : t=0~T/2 %36%4 (NT=36) L7
BRELD cosnot RHOLUDEHEILE L, ¢h
BEEREE T2 XXTERT 27D TH S, C
D Subroatine T2 X 5iCH|d Snbroutine CO-
SMZ ZFFUHULTHERT 3

CALL DEPFAC : i F3EA®D coshnk (h+y) 255
MHUBDEHELTE {, T D Subroatine COSH-
MZ %ZEERY 50

ASN (I) : & (46) OWEIDBZEL am, n cosnkx DFI%E
2=0 {TDWTEHELT 5,

GSN (4, ) : & (35) DARDKZIL rm. » coh nk(y+h)
OFEZNEND vy IKDONTEHET 3,

PY (J) : EEEHDOHE, R42)D (0,4, 1)]DME~A
KD Do HFEWENDOKERLL TRZDEMNHLE

32CEMBBIOT, TOEAR PY (D=0 &L
THEEZTEOI, 7L, 2EIOMEHE
KT DX 5 LI RESEM LODT, Sta-
tement No. 21 & 7006 %{f 5T, &EHOEHE
EBEFETRERNC EEZAZEETN S,

IF (6.2832xHL—0.6+0G(2)): chizc OHEDHEH
PBRA—J5 kH=0 6tanh kh & LT, HHAE
BrnLDH R E X3 7005 FD Statement
ZHFEIE TN B,

200 DO 201 I=1, NT1: c hh 5 201 CONTINUE @

| WADSEHEDFIKTH B, DEG, DELDEGIZ,
HEOBRICHERAEZRTIDDEDTH %,

CALL HYPER : coshnk(h+y), sinh nk (h+7) %3t
HT %,

SP, TP, AMP : zhZhk®EESN, @A, E—*V
FOFHED, 2B FHMONAOKREHIERD S
bDTH 5,

SPEL : t=0 ics 2RMENT, ¢ NIRKREEN O
EEHE, R 45 o (p(0,9,0)] TH 3,
TPEL & AMPEL R3#0ENBLTE~ 2V F
HMETH 5,

IF (YD-CREST) : ¢ 1145 108 CONTINUE % Tit,
KBFEHD S BKELEZZELFICTRESHET S
WHTH 5o '

CALL EXIT : zf1iZ, TOSBAC 3400 o A#EFRFORT-
RAN .%E7% END jmE, END (1,0,0,0,0)
T 1HDOHOT, EBOBHFIZTIDHE,

T DEHEITHER T — 2 DEEFIFE 2 Subroutine E-

XIT Q%D vy FviF—22BRBaNI0, T,

D75 A K ZHERRR, BRA-JOL IR

RICHEEINTL 3, 758, kH=0.6 tanh kh KX

RCRABXIBEHEDOWH DN TEHEIES L, BEEIC

KEDFESNHTLZDT, EEINK,

Wk, 2OTET T LDIANT —7 I3, KIHER

RREBEBIURABETHEZCRELTHBDT, &

BpEXxRFIAINCD,
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COMPUYAT]ON OF PRESSURES AND TOTal EORCE OF STANDING

WAVES = 4TH ORDER SOLUTION WITH SURFAGE PRESSURE CORRECTION =

0 = 15,000(M) T = 16.000(SEC) LA = _186,353(M) H_ = 8,000(M)
O/LA = _0,080493 H/LA = 0.042929 D/L..5...0,074u405 H/L.=..0,039682 E.=.0.,162884
TIME  SURFsEL. WAVE FORCE LEVER ARM = = = = =z = = = WAVE PRESSIIRE P(TON/SQ.M) = = = =
(SEC) (M) (TON/M) (M) ¥=20,00 vy=17.00 vy=15,00 Yy=12.00 Y= 9,00 Y= 5,00 Y= 0,
J -
0. 12,609 4,73938 114018 12,510 4,334 5,723 5.016 4,513 4,098 3,922
0422 12,418 98,02119 11,023 2,619 4,463 5.861 5,163 4,665 4,253 4,078
NelY 11,859 106,65831 10.992 2.884 4,795 6,224 5,556 5.075 4,675 4,504
0467 10.967 116.87942 10.834 3,146 5,185 6.673 64065 5.621 5.248 5.087
0489, 9.802. ....128,39023 10,517 3,193 54434 74018 64512 6,134 5.810 5,668
1411 8,435 125,75290 10.n64 2.825 54352 7,074 6,720 6,443 6,197 6,087
1433 6.950 119,49108 9.518 1,924 4,814 6,716 64561 6,420 6,281 6.216
1456 5.432 106,25107 8.925 0.494 3,799 5.910 54992 6,014 6.007 5.995
1.78 3,960 88,20504 8.1315 0, 24399 4,729 5.060 5.257 5,392 5,441
2.00 2,604 68,10938 7.702 0. 0.794 3.324 34888 4.251 4.52u 4.631
2.22 1.417 48,u5267 74062 a, N 1.885 2,635 3.135 3,523 3.680
2,44 0.432 30,95766 64306 0. i 0,585 1,452 2.n42 2,509 2.700
"~

2.67 ~0,338 16,47202 5.083 0, Q. 0. 0s449 14073 1,575 15784
2,89 -0.897 5,12263 0.573 0. 0 0. 04323 0.282 0,775 0,982
3.11 =1.269 -3,43018 15.458 0. Ne Os =04863 _ =0.324 0,123 _0.313
3.33 =1,490 -9.,75163 94510 0. 0 0, =14209 ~0.768 =0.395 =0.,234
3.56 =1.,601 =14,45134 8.292 Q, Qe 0, =14415__ =1,089___ _-0,804_ _=0.678 N
3,78 -1,649 -18,06792 74722 0. 0 0. =14539  =1,329 =1,138 - =1,045
4,00 -1,675 -21,01371 7.383 0, O 0. =14627___=1,521 =1,809  =1,354
4422 =1,714 =23,57143 74168 0. 0s 0. =14713 =1,488  =1,643 =1,617
4.4y =1.791 =-25,92503 7034 0. 0 0. ~1.818 =1.RU8 -1.849 =-1.843
4s67 -1.919 ~28,19849 6,958 0. Dae 0. =14953  =2,010 =2,n37 -2.,042
4.89 =2,100 =30,47819 6.919 O Qe 0 =20126.....72,182.....=2,213 ~2.222
511 -2,323 =32,81113 64R99 0.4 0. 0, =24335 =2,369 -2,388° =2,392
5,33 -2,573 ~35,19078 6.885 0. 0. D =24573 ___=2.570 =2,563 -2,559
5:56 -2,829 -37.55046 6.R68 0, Ne 0 =24825 2,777 =2,739 -2.723
5.78 =3,048 =39,77471 64847 Qe Na U =3.000. =24979. =2.49.09. =2,881
6400 =3,272 -41,74024 64R21 0. L 0. =3+00n =3.140 =3.n65 =3.026
6s22 =3.427 ~43,33225 64794 9, e 0. =3.000 ~3.307 =3.196 =3,151
6.4 =-3.527 -4y,49267 6769 0, Ne 0. =3.00n ~3.4n9 =3,295 =3,249
6,67 ~3,572 -45,22257 6s747 0, 0., 0. =34000 .. ~3,467 _ =3,362 _ =3.,320
6489 «3,570 -U45,57969 64728 0. 0 0. =3.00n0 -3.u86 =3,401 =3.365
711 =3.535 ~45,66102 6.712 0, O 0. =3.00n -3.,u477 =3.417 =3.391
7433 -3,483 -45,57901 6:499 0. 0 0. =3.000 =3.u454 =3,419  =3,404
7456 -3,439 -45,43865 6488 0, [/ 0, =3.00n_ =3,u27 _=3,416 =3,409
7.78 =3.,394 -45,32123 64482 0. 0 0. =3.00n0 -3.,uN7 -3.412 =3.,410
8.00 -3.,380 -45,27656 6679 0. 0. 0. =3.000 =3,400 "=3,410 =3.,411

-
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