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Digital Computation on the Effect of Breakwaters Against
Long-period Waves.

(2nd Report )
*Yoshiyuki Ito
**Shosuke Toki
*#*Michio Morihira

Synopsis

The effect of breakwaters against long-period waves, such as tsunami, is investigated in this report by
numerical computation and its analysis, continuously to the preceding report published in 1962.

One of the main items to be studied is the phenomenon of resonance. However, as a tsunami usually
attacks initially calm basin, the problem should be treated not only as a stationary state, but also as a
transient state.

In principle, the calculation is to solve the equations of motion and the equation of continuity for
two-dimensional long wave of small amplitude under certain initial and boundary conditions. The basic
equations are transformed into difference equations and numerical computations are executed by electronic
computors.

The incident wave profile is assumer to be a train of sinusoidal waves with a constant amplitude
and pericd. These waves invade througl a breakwater gap or a bay-mouth into a restricted water basin
where the water is originally at rest.

There are various factors which will affect the phenomena. The investigation was begun with simp-
lified cases so as not to lose the way and was put forward step by step examining the influence of each
factor.

In the preceding report, the behaviour of waves through a hreakwater gap situated in a semi-infinite
channel with a rectangular crosssection of uniform depth was studied first. The wave invasion into a
rectangular bay was also treated. After snalyzing the result of these two-dimensional caleulations, an
approximate one-dimensional method was proposed.

The influeace of the shape of bay and the reflexion from the innermost boundary inside the hasin
are discussed in the present report. In the last chapter of this report, ths calculating methaod is applied
to Ofunato-bay, where a new anti-tsunami breakwater is under construction, taking into account the actual
topographic condition and water depth distribution.

Although there remain some items which should be further investigated, the computation method
established in the reporis is widely applicable and is able to give us fairly definite informations necessary
for planning and designing of anti-tsunami breakwaters, The approximate one-dimensional method is

also useful for getting general resonance characteristics of the hasin.

*  Chief of Breakwater Labortory, Hydraulics Division.
**  Former Research Engineer, Breakwater Laboratory, Hydraufics Division,

##%  Research Engineer, Breakwater Laboratory, Hydraulics Division.
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(2.17) FOFEREM

2p 2p
A= == =
VitgE—2g

=t - (2.20)

THRENLIERbI S, $—2.3 BIUE—25 T R,

#-22 S R H W
TiT,
Lidz Bib
m=1 i M=z ‘ m=3
10 3 0. 864 0. 463 0. 317
5 0. 908 0.475 0. 322
8 0.915 0. 485 0. 326
20 3 0. 834 0. 454 0. 312
5 0. 864 0. 463 0. 316
8 0. 895 0.473 0.321
30 3 0.823 0. 451 0. 311
5 0.844 0. 457 0.314
8 0. 870 0. 466 0.318
#—2.3  FEEFORHIAAIRIG
Lz | B | p ] g A
10 3 0. 839 0. 545 3.69
5 0. 610 (.793 5.89
8 0.402 0.915 9. 45
20 3 0.953 0. 301 2.72
5 0.845 (. 535 3.64
8 0. 670 0.743 5.21
30 3 0.979 0. 205 2.46
5 0.922 0.388 3.02
8 0. 806 0.593 3.96
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ZE Zafe REMLATEGE, EOMRPSEED LR LTINS, L
PRI L 254 VIS B, B-2.6
VE, #flELT
L=2, (TTy=1)
Bib=5
Lidz=10
x={3
ETnl, #2105
£=0.610
¢=0.793
o =217°32
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=720° x L % L.
3 "3

=120°
Efr, o HEREDAM o TEE L AL S K L TR - TH2 £ TolFiE, [CMETELTE

2x | 2{—2a) _4zlw«x_ i

T c 1 L

=720° % 2.x L.
372

=240°
BeOh s BT 5 &I, p—r=37"32 sl 0T, LR 240° DD, 240°-37°327=202°28
Dl B et oRBEEAMEIR 5O LER 5,

5T, KACOMEMILE, M LEBRT S SOMREL L TRobLa, B—27 BT, & OA
—p HBHFFLES A 0o HELZRE, 120°RBETLT A AUCHLc L &, RS ORME L AR S A
Bihe b 202°08 24T B SICH#T R L, BOND ORIBESND 50T, BC=pet s Cli~B3, &
b 120° A CC D=pg #5DHE~, .

0nql e TRFNS — oy | —— 2.7 /flE \3( }£

Fic 202°28 A CDE=p¢* BBENR~E
v, DTFEHEAFESL VEEShD, FHE

AEEESE BE B A5, FlEeigokis 1L
"‘Eﬁ‘*;_: LIS, A/ C D
0

A\ 0

V

— 2.8

2.8 BOOEEE s RE

sefial, FONM, Sumoske i, BoesTsorFrd @D ~ @3 Kehlibhdbol
g2 B, HARECHT HEHFERE @0 REFALTHBN, HHEOFERIRO LSR5,

7 (-42{-, t+—%t—“)— 7 (Azx—’ t——‘g—)= - «/mmETm{U{d:c, FA) ——g_ Uio, t)} ¢2.21)
v (-5, )= (-4, -2 v E{ U0 -Ul—dx, 8} (2.22)

B e BloAET, (221) BrU @D, @2 XD

'—g-uU(‘O, 8 = —sinet—y sinfottp)  ——— (228)
1
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e (222 B E3) Hap

U(0,2) =—p sin{ot—p,} {2.24)
LichioT
%{ sinot+q sin {ot4p,) }: psin (at—pg) e (2.95)
b Bk
% {14+g cosp;) =2 cosp,
- (2. 26)

B . .
“g4 sinpi=—p sinp,

Hic (2.4 RfEnic (2.20 REfiv, G 21 ~ (23) MEARAL THBAD coset, sinet OEREE
BLwvweB Lk

%—Silllp'{{ cospl—I—(i—}- %cosgp) ¢ sing, = — (-L%———l) sing

U, THERLL

- (2.27)

) g cosp;——%msingo-q sing, = —(»%’»wl)cosgo

g Lospy = — ( % —1 (_]él—"rl_oagp)
(%)2 +2 COS@-|—]_
(2.28)
sing; = — _%L_ ) sin ¢
g smm R P
(3)+' o+
Eic
P cosp, m—%m () ) (1+cose)
(2.29)
$inG, = % (—Bj—_l) sing
P sing, = ( ) +2 B COSgo-f-]_
DO B,
B, choikoT
2 (F) heose)
= B z+2£1_ -
( 13 ) y : stw (2. 30)
¢ = ( B ml)
( ) +2 cosga_;.l
THohrb
Bpi-Bg*=B
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B,
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B
(2.31)
q T, =T
3
Ly, Zodfiti p=1tg 71 5 BHR S AL @_29 .;E\D ’{iiig J:j ; UE%]T $
sHe. 23DR(L3
Ay — A BT B/B=3 L LT 2 kItHEiE
e o125, (2 3Dk b I hies L T p=15 20
RBIERELN, 2REHEORREL L 18 ; p= "
“ | | 16 s
PO % -2 4 B X2 9 R, ) s
ZOMEICE, HOHERERESRD S CIEREL 1L //
BA T, BTHBED &Y oI TR 19
10
08 L
06
04 //
0.2 7
0

1 3 65 3810

F—24 E{REgs LURKS

Lidx BB ¥4 P2 k q 21

10 3 1. 481 9°13’ 0.519 188°47

20 3 1. 495 4°327 0.505 184°28/

30 3 1. 497 3°00 (. 502 182°59
2.4 BOOWREEEEHRHE — 2.10

SRR DU H I OIS BRI DU THEA Lo ThETERRLY f
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(- B’—+ l) (1+4cosg)

, B
Peospy’ = B e i
( 2.2 cosp-+1
’ 5 B e (2.3D)
pisingy’ = ( 2}_'31 "1)Sin€9
G —
B B
qeosp = (g}"]“)_ )( g cosso-l-l)
(L) +2Fcospr1
B B
P (2.33)
g'sing,’ = — 73% (—‘Bx““l) e
1 - 2
EN
P o= 2 (14-cosp)
CARTS s
B , — (2.3
PR
5T o
ZDEEIT D
Bip"*+Bg*=B
Lo TR AT ORGSR RE I T3,
7z, -0 HABRTE
, 2
pr= % +1 , ,Uz’=0
B _, (2.35)
g = g f"“ m'=0
BT
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R—-2.5  WPRERS X OEHR

Lidx Bi/B 2 o' q oy’
10 3 0. 404 9o14" 0.519 —a7e1y
20 3 0. 498 4°31 0.505 —13°31"
30 3 0.500 3°00/ 0.502 — 9°p0
B — 2.12
2.5 sk Ol
Al B AR OMSRRI L, & = OBRALORE L FHR —1 ﬁ
FHlo kT 1
t=n Ty (n+1) T
n=2p Lq'"(sinottn o/ —7=1) e (2.36) . <::%@,
Thizblvb, 0
. A — F Il
ERRIBICHE L e & & DR T ~ PP
0 e Inf2
2p , 2 PPe
A= e (2L G 7 \“‘“—-
J1FgF+2g cos {p)/ — 7} (2.37) 2T S5y
p% [
Ly, cotho p, ¢, pf 2 (220 LV (2.3 XEMD L,
21 (6.25) ek~ T D,
= OEA O HIRGEMNE
T _ 2r 2 _—
Ty ot @Em—1) r m—1 (2.38)
T Y, WEAIRER
- 2P o D1 -
A e e 27 €2.39)
LD, F—2 68 LUH—2 BrEHFOEHFRER T 5,
2.6 SCRENES LML
T T,
Lidz BB A
m=1 m=2 m=3
10 3 2.35 0. 702 0. 412 6. 16
20 3 2,16 0. 684 0. 405 6. 04
30 3 2.10 0. 678 0. 404 6.01
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HECHRZLE B AR oz, TR - R0 Y T ok ot BB S h T 5,

Lirl, BEKSAE AL OFREERT I RATAACRERET2E TH D, 22T, FRAPHEN
PeE b2 HESI2WT, F—ACOREREEIHL CRNERAEB Z L T35,

3.1 BOREHEOFHED

F—AA ERREEEHLEZSE) Lr—2C (BOHEETFEBUEE) L OoHESEEREL Thh s
I, ZOREEOENINIL Y KE Y,

HeOAK 40=Ft2g TRDEN, OO ACH T 5 ERTE S hioBRF RN

mU=~¢7?ﬂM—ﬁ%Ja§J7TUNﬂ — @D

THh Do LI o CREFIARIE & AR & D ik

F o

—o—+ E U|U|
2.2 3.2
i Ry &2

ERLS,

T, r—ACOHREE»L, 4U & fv E UlUI2 LESHLCEBELTHA5LE-3. 10X 5k
Bo T, L LREREFROBREEZRTLOTH S,

F—3. 1 INEEREHEEOHEIA L OB

B g dR JB® EFOE IR B2
(e U Iy LU A
; /JEUU ) L VEUUI
C—36 0.55 1.22 0.26 0.26
38 0. 47 1. 40 0.49 153
39 0.34 198 0.34 177
41 0.42 2.31 0.42 2.21
43 0.31 2.35 0.26 2.31
45 0.16 1.44 0.21 1.36
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Laek by, fYTEUWUR E AU L RPEREVIEENREC, JOTIEORIC a/h 2L
OPHRIHL A E Fb Y25, b UMNF AR C o/h 2/ h S v & &I iEATEE BB LT L 20
WS, Lnl, fv E UlUNZ # 44U 0BEDEL T3 X 3 ABAICE, ah BhimipsdT
b IURIUIEAE S & comparable iz 12 V8516, ThEERTHZ EREY TV, ¥ —ACTlalh=
0.2~0.3RIEL B A THMHETAV, TOREL LTHABOEESI LY RbIibii b %,

SV ETUUN 24U b afh B Ikc R E VAN EE T 5 D EATE, (B D) #k

a S U=
e LU =~y

‘hibb

v = 7% Ner (3.3)

O LIS ZREFFRAROHEICC BN TY SR TH S,

3.2 EREREOFE
HREERERIC R LT Manning OIEHEERINER SN S0 Lz 5 L, EMHESE

Da 6 gt
Dt S P W

1]

- (3.4
DEIEEKLED,
¥MﬁAméﬁ$%m®ﬁ%?ﬂ,ﬁ%ﬁ&nﬁiUﬁ¥ME&3WMGEkﬁﬂ%h%h
_ du _2r ¢ e
Umax=£-A_ (ﬁ ) Zefa (3.5)

8¢ Jmax T

Ths, HEMS EETIESHORAME (grdfht?) - (AR L, Lo TIEgEE L ol

T, gt | ¢ _ T g , A
I i s =y oy 3.6)

LB,
vk, h=10~30m, T=10~60 3% %%, #=0.025 (m-sec) LT (3.6) REHBLTAD LK 32 O
L OhfiiEia,

#—3.2 TR & ST O bt

A T (3.6) 3t

™ 10~604r 0. 97~1.61) —‘%—
20 " (0,15~0.91) —‘%—
30 " (0.11~0. 65) :%"

TRC LS E, KEEPEDNS S, BERERLVECESEERC Y, —RICERAREIR & IEETH & ok
A YOS EIAESVA—F— Ll oT, TORBITRABERE A,
RICHEIC R D IEERESE L ORI L TA X 5, BN 2 I S LoBERE do OB EERIC X518
JoREANE Afudafh CH B, G, BEOREAR Adl2y Lok
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Zgntde  2g07°0°T | v
s

T L 6D

ElD. TOREARENNE ( BENECERRE S0, vE h=10m, T=6053, Lidz=30 L L Cgl
WLTHD L 0,46 & -0, O THEIEEMBEEL D CHEER RO FIHBN THE Z EMNbh D,

3.3 HREEONE
P A i BSRUNMRIR ORI 2T ORHE v 5 &, TR « 0fAy &I 8u/ie L ORI Al L

Do LIk - THERMPAKREZHL ThE Y, MEEETEMicER s s,
UL, 2EGCRHIEBIL Ty o388, ool OofiEe & 5 ol e8z45

LAkt so Lz bhs,
VA - EEEE (1L2) ek

AT, TS

- TIEWRIL{ET 5 &

- o AU

c 2 4.0 B . ¢
H)Udr, T R T

"’h&mz(—ﬂ—
ThBEME, O

Bu_ _
“ox N E ULl a
ue 4U I (3.8)
at
[FE—3. 2
'G'ﬁ:b é Fh/z}o

Bl3.2 0k 5 ICER & U=t e T Ute-ax) Uty Utateat

b At AN
(U4eD) o= U (o) Llztte) U e de) — o)

Len, &—aCopaihik iz s 2IHE - InEEETE o i &
N

IhERBE, AT 4U L VEULU LPAGERBEL 2T 28685, Lioit - TR
IR { 5 AT afh DA —F =& e, TRICKL T BEmiacn 4U Lo vE UdU o
AW RkEL, £L0EE4 ~SHERERETEL TS, LEBRST, TITH /M AhE (ThEsTFL
DRSS 2 Z L TE LV,

R THhHEFHF—3.3 OX 5 i fHs

#--3.3 ORGSR L IR (F—-2C)
) o oAs ® #oHE R ® wom oA @
Ay — = — e —
4,U JE Ud U AU | VEU4U 40 JE Ud 7
C—36 0.55~0.26 | 0.36~0.34 | 0.23~0.29 | 0.42~0.3:1 | 0.33~0.42 | 0.29~0.21
38 0.47~0.49 | 0.42~0.36 | 0.13~0.10 | 0.23~0.23 | 0.25~0.23 023023
39 0.84~0.34 | 0.13~0.10 | 0.08~0.08 | 0.34~0.31 | 0.10~0.10 | 0.10~0.03
41 0.42~0.42 i 0.21~0.21 | 0.10~0.05 | 0.18~0.16 | 0.10~0.10 | 0.16~0.16
43 0.31~0.26 | 0.13~0.10 | 0.05~0.05 | 0.29~0.25 | 0.05~0.05 | 0.05~0.03
45 0.16~0.21 | 0.12~0.12 | 0.04~0.04 | 0.16~0.16 | 0.04~0.04 | 0.08~0.04
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TSRO B Y RN OMEP ORI L L 0T, PO ok

BETIREHERE du/ix PEHTRE VD, u dufdx LRKERBEL @
5, TA B C, B RIS E ORHE DA Ch 505 dufdx @ = _@ @
PINE L, w K& {Th w dufdr BENEBRE LTz, . |

e PEOMEECE, AREOEERIC S T oo, M [#-—3.3
FROFEREEEELTwHin
Dy _ au O A
e vt Yy
OFTAME S v dufly BRRHE 25, DRDNDOR IR FERE, BNESLA I (L) EThHENE
du .. dv '
o (8.10)
HHENRD S, LinhhoT
e _ o 0v _ 1, 9(wh _ 1 | dx? o
&y ar 2 ox 2 Zx (311
LD, ZhREFRTAELTIEEE: ORF LS L
du 1 ==
UW "—2"*"'4/1': 4;V* _a
P ERe; A (3.12)
R
& A Do
Elz, TREHETSHic, winfie L TH 3.8) ORIV RO L S AFTRS A3,
o 1 3 (1) 1 =
M T3 ow _ a VEALU
AT A U
ot at

(3.13)

HRAY —ACOE2~3FERIEY>VTINL OlEERLTARS L, H—3.4 KRETIOESHMSELRLS,
VE 4UN2 3OS LRI, B0 & 2 O - OPETEY CRERIEL B - Ty B, L, VL4, V2
FZZCRDONIRY TS T E,

FE—3.5 27— BOHAREPGFHOERETR O TH S, ZOBEEKE, BRIk
PRIKREL TSR, ThiIKOXSREBELDIZENRTES,
ERRBC T 2RO R KR

£= Acoskz cosct

&b, TopE

(3.14)
u =—]CL—A sin kz sin af (3.15)
Lird, chiHvhid
du _ c 2 o s
"= k( A ) A? sin kx cos kx sin et
du c
7Tl

y A sin Az cos ot
L

(3.15)

LY, Lo THEIE sin2ke=1, THALLERECHLELOL L5 EPRlicB-THEKRENLD,
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T ONEE, —AB—28TIEEEB U OAL FRENEED 14 @M, B—29Ciiopk, B—30TH
WhAs M o iENT 5,
Fie,  (3.18) b b &m0l

kL —£_ Acoskr=-2%_. icos ka
a h h a

(3.16)

ERBH, ThRFEOEBENECEOMNICHL ) b RECI LEERL TS,

PLEM~THRIC L S, BEEMSKEIREL Thi ) RE CEERHILOAE T3 L 25 TR s 2l 5
TEBLETHB. bk b ERoER, EER SBEL T e HEERR A THE L2 0 Th S0
B, TREBEL TR -LHACRETFRES Lo L ash b L, R AR ar b offic ¥
DREOEBEZ L 2LOTHIpETHTE LR TER v, Z0Fh, EROHEbH - Tik, HEE -
PRBETCHHANOP~E D ARSY, ELBETREL OB L 20 AMELEETHS I,
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5. FHOAT

CHECORIITE, BOREBRAECEBE LTl > Tk, Ll, S pmsok s, o
EEPRA TP LA CHARH - Ty 3 L3 25053,

AICBTHFIE, EELTI0X I REHMOMS Y OBBERNLLS L LtboThE, Ak, BT
BEMEERETEE R - T L LA THENREN, SEBOGL EFEREERL TRHME T - Thi,

E—4.1 GSEOFRodEE Lo foc, SRSETHA IR - Teb. ZhEB—4.2 [KET
FEIC AR, EhFEhE cosed basin 2E2 L ENEHRANOLE RSB LEOL S I2H S,

Tor Ty Ty Ty Ty 15=8:5:2:4:2:86 e (4,17

M-41 EFLBEG-ADE)
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TITy=0.625  (T/Ty=1.0)
T/Ty=0.25 (TIT:=1.0)
TITy=1.0 (T17T5=2.0)
TITy=0,50 (T)T\=2.0)
TiTy=0.75 (T} T5=1.0)
ERRiciE, ERBREETSLL UL LoELERE BBV TThan b s, Thb i
LT SEOHIC RO 6 FERORAMEB -3 Lkt 5,
T/Ty=0.25, 0.50, 0,625, 1.0, 2.0, 3.0
SOENTRITOCT, BHHEOEGIRS (4 —AD) &, PR ERBLABE (F—~2E) LEfTh I
5, HEEEMT2y —-RALES,
AR E—4. 38 X UR-4. 40 L 5 BB T 5. BAORESEERE, ThETLEL {BORED 3 {5
F25, HEROWHNE RS 0D, B 1 Kb 5,
R BHTFIIBI RO LB Y TH 5,
[#]—4.3 : da=d4dy=Bf2
[Z—4.4 : dx=24y, dy=DBf2
IRERIIRIRG e kTl & BRI BGRIc & TiEh 5,

1

1 1
¢ dz? + Ay?

de= (4.2
LehaT
dx=dy L% dt=dzf /2 ¢
dx=2dy L& dt=dx/V B¢
Lnd,
HHEOFER, EAMCRr—2A, B, CedT5bole @ET, MNEREORR L L TR, F—
AECHBAIRAEZ BHL 2l A5, SR 5B T o LB Y Th 5,

O Tamay, 2ker e TN o — AL R

Rrm+1,2k+1 (Zn4-1) = Wam b, 2R+ (2n—1)
~ AVE [Usmas,ane1 (20) = Ug,aiper (202) ]
- ‘\/F— {V2m+1,2k+2 (2m) — V2m+1,2k {2n)}

(4.3)
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T O Bl BRI
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B
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dx
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