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EXPERIMENTAL STUDY ON WAVE FORCE DAMPING
EFFECTS DUE TO DEFORMED ARTIFICIAL BLOCKS

Michio MORIHIRA*
Shusaku KAKIZAKI**
Toru KIKUY A*#**

Synopsis

In this paper the wave force damping effects due to the deformed artificial blocks are discussed through
the model experiments.

Up to now there have been no unificative understandings as to the wave force damping effects of the
artificial blocks, so that it has been an usual method to take the wave force damping coe fficient from the
results of simple model tests or from the experiences in the field. As for this point, someunderstandings
have been derived from the several model experiments in the breakwater laboratory. That is, the effects
of the wave force damping of the deformed artificial blocks are recognized in the case in which the brea-
king wave acts on the vertical wall, but on the other hand the vertical wall is exposed to the severe attack
of waves in the case of standing wave because the mound of the deformed blocks will help the wave br-
eaking.

All discussions about the wave force have been made by using the peak point in the measuring record
of the wave force, and there have been remained many problems as for this point. Namely, it is very
ambiguous whether or not the peak value of the wave force in the measuring record can be connected
with the sliding or the overturning of the breakwater. It is said that the initial shock breaking wave pres-
sure has the pressure head which is 5 or 6 times through 100 times of the deep water wave height. But
the value of the shock pressure is strongly related with the responsibility of measuring apparatus. So it
may be expected that, if we use the new apparatus being able to record the large frequency number com-
pared with the old apparatus, there are some possibilities to get the large initial shock wave pressure in
the new apparatus.

In this reserch, in order to get rid of such a confused problem which lay in the experiments measuring
the waveforce by wave force meter, we have discussed the wave force acting on the vertical wall by using
the newwave force measuring equipment that was developed in the breakwater laboratory.

From the experiments, we got the several usuful conclusions.

(1) In order to diminish the wave force acting on the vertical wall, it is necessary to accord the crown

height of the wave absorbor and that of the breakwater, and the wave absorbor width at the still water
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level has to be equal to 4 layer width of the deformed blocks.
(2) The wave force acting on the vertical wall is exprssed as follows if the wave absorbor -is constructed
in the manner as was metioned in (1).
» = 1. 0wH,/;3
where, p; wave pressure acting on unit ara of the vertical wall (t/m2), w; unit weight of the water (t/m3),

H,/3; signifcant wave height at the deposition point of the breakwater (m).
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T LA ERDTUND, FLREDEBRERD 24T
b, ZOAHo i32LOhRVINENES TH B, T
5LTATLDE, BIKERT2EEORR LB
TELBEERE TIOOHUERE d/Hi=201Dr2r%4e
HlFEDLNHEILND,

L Lans Bz Bk 51, RAMVREEEE
LTI EBIBRES THE0 56, BHBRGRHE
BEVRECEDIEREHERIZISITR I &tk fIZ
o, BEE GREED T 2HKkEN1.9THEE
EExEZ3, IOBAL, EBEAOERIIING, #
KIIERT 2 BENHERIESHERE TH S, L2 L, kBT
BEDLEANI0000 & Fid, BAREEIIREHEENL 86
FIL VBN, BAREREKND d/Ho 13108
B3, IoBBsm, BRKERTAREOK

KRUBBETHD, LinoT, BEBIIHT S d/Ho #
1.9 THOT, BRCIERTIRESHKRAEHE TH
STY, BAEH L CBREARKERT00L
L hugin o, 25 LTaABE, BERECHTS
HEKE d/H 52X DR EFE F1d, RBEIINTS
BEOWRIIESER, d/H 7R2 &0 b/ASWE X3
L LTWRBTOUESEIHR L TELNT EFR LD
TR, BERLDTHBEBRTDHIENTEL S,

SF, REOERERS (2 X, HEEELSRS
1/5000 & &Rk @8N & 5 2 B HEKE d/Ho 1,
BB B EHo/ Lok30. 00950 & &131.7T2 Y, HolLo
50,0190 & Fi31.5TH D, - DHAIIRAM O RBEE
vor, HEBCHT S d/He A 3ILEGED E FTY,
B R T A REOHRIITE & 2 V82, BlkRs
BIINZWEOBEARIZI—IZL/S0L VD500
ThHIEE, BEARNPZOMINBIZE, RiKIC
ERENEEZ BERKERKE B I EEEETA
¥, BLCEToS®IRLMTIIRL, T LABEA
IRBEALHIBIDITTHS,

L L, BITOEEIL R~ EOTH AT R
EEOTWBD TR, d/H Bivizn2 9K
FNEFSIBEEELEATLIWY, d/H 21035
LANSWE &3, BRBETRZVWHAEEETLRGO
T, BAMNEATHIEE LTHOo0nd EBEENTHS
X5CHs,

COEBRTELNIER (R—8,9,10) £#EHNRE
VSBT3 4, BHOBOFRBAEYZEET 2 H0E
BHdL, IBRTOBELERIANILENSD,
FizE, B—8,9,100 Ho 2 BHKEFEEEZ TLIENE
BERTROTHENIBEEE d/Hals DBR®B2 LN T
SN, KRELTHEOEBES Hy oS (B
HUEMI0BRESE» FNE LRAEE,) 2 EhE
TV oRERES, IOACBEL U2 FIIEAER
EARDTHEELREROENARNDOR 2TV, &
RICAVBIEEZMIE T L ONRET 3,

BEAENL/S0T, ARBETHE LABANER
BRI, BHBRBIIEIE0.8 LD T3, HE
ALBEOEREZ 51 T2 BEDRIM ARER T #3%
BTN, BEIORCERREFHRTCEEH TS
¥, BHEEE LOEBEICEA EHTAEIVEEZ
L3, BREIBEINEAR, MELORMES L VEK
RKEDKFEEOFIBL LY, BEARVWHAIZEST
3, BEICIVBLETFON/BENEEE B E
BT3I&iy, BRABHE IR LRI 1N
BV CEEETIOHA, BEHFEENL X Vhkvk



EWEIZL VB DO TRBIIR BV,

$2C, PHETHBBES LS T, BER
s &R L RSB OEET (ARERT) #RE LT,
BALBEANEEBEMEIIERT 3 2 &880 5127
BRETHD,

IIT, BER L7 RERSNRBEAL0008 ETH
NIEZOROEREEVERES GRENEE) 71.86f
IR VEBBRILDEREZEZEATCAL S, D184 5
BH T THEEF EDETHOT, BHEINLEHA
10002l EThhiE, ZORDEREBRILTERESO
TELS86EIZND &V H I & TR, -#EEH LAV
BFHBEEO 2EBIGECRAEAE USTRELASVES
EWS I ET, 5 LEERARESE LV AN
L, bTpl0B0BRESHIIREREAE LS M bEN
BLDTHD,

4. BFEROREHICET IICARE
IDETIE, FBIFIIBONTBEETORIBEE
DEBBERIZL LTV, EROPBRERH L%
EMHICE L CERIERI Y YRR MA s, Z2TEY
HIBERGG T Y FOBWERERE, <y Fo
BRI, L URABHRKIETHS,
INLOBEROBEMN T : (BAHEENE A2 Y
2)—=bF¥V 7D, HEIICIDOTRBTIMARES
VIBBLT 2 hiF T, TOREMDEE I KFF B DR
B LR OBRIED TH VDA, 2 6N IFTEMC
DN %bNE, I I TCHEEMNIETIERIITY
DRNWT, DEVBRBIFEITE VEE TR0,
BEALIOBENIH 0T, BENBPEmIIIERT 35
EGERE AN TEREA%E/KELEL 25HOES &
TED7, E7, BEERIORAGADEMEOHZT 1E
MEBRTHBOLNEBEAZBVRWTEAEAR LAY, B
EI*RE L-BEOEYPIGERER CEON B
IBRERTBLDE L, FIZERIZERS &L 517, =
UV FOBREREEIRE OB B AER T BB NI
TIDuGE & d/Ho=1.14 123 L TR—102 S8 SR8
1.8 DLDTHBH, BITORNEETHBBEIITT
W HFRELS5 % LD,
4—1 7o FOEBEWVEREROREMEIZIONT

2 TRAKE OB, S, BHEROEEKEN~6m
E— 8 mMOBAITOWTERET U2,

(1) BAMRBEKEN—6mDES

S () BT LOBRKBERIZOWT
BHEHEESENISIHLA B, (H—128RD

FHEEN  EEEES Ho=3.5m

FAH T=9sec

W BEDE 1 =1/50
B3R R R=+4.5m
RZBEIKE ho =—6m

RBHIKE d=—=5m
REDBRBAREOKE d =—4m
B+ 0m

ZOfth, RESERLER:800kgs L, av2 )~ &
BREDEREE* 0.6 £ L, B, Zgicddagtex
1210 &7 3,

IOFRFEREIC I NG, FBEHTAE Hol Lot0. 0277
THY, ZOEOHREKE L Iversen DFEERIZ X33
1¥4amens, BEDBARGOKEI—4mMTHSh
5, BERIIERTAB3HEEELS, @L< Iversen.
DEBRERIZINEHEEE3.6m E23, koTHE
Biexlk @ 3. 6m DY & F 5,

HIEAEL/S0NEBRER (R—10) ik, HEET.
DN E EDOBRAFEEKG d/Ho=1. 141233 LT 1.8 TH
%, —FBRTOBRIEE I I NETHBRFIITT2E 13
1315 THY, IOERTEEAREL 1. 56 LTHEAL
ORI LT R ZOZEWE 2B Z L1217, BED
HAEEES S, 2.2t/m3, KOBMEAEERE21.0t/m3-
&L, BXBXRE (BKEEl25H &) = THRE
1.5wH HERT2H0EThE, B L TRER
VEE/MREKIEIZ 7.5m & 7225, BRI EENIK LT
ETHDDDLER/NMURIBRETE TS L 6.5m &7
%, &2T, ERIRATSEKIEE 7.5m ¥ 3,

(2) HEIZREHRDOBEREFBIZEIZOWT

B EHFEOEL<EAL LD EAY, BEIIZATN
BI4ERETZ2b0E LA, (I ZTEKEIZETS T
FIRY FEBELIOBERF IS EY F4ABIETHS) A
BB T A ENEREICRA L L E0EBRBR (K—
10) i XniE, d/Ho=1.14 ® & FOWEIFEH:0.7 T
Hb, IOFREERCUBTERAICET 2REHEE
TREAEDEDL 5k 3d, IOBAHETI—BIREK.
ERT A LD EEZ T,

W 2 ZEEF A SIRIKIE 3.5m DLk, R
VI B EEHA, 4. 5mP EORKIESKRETH Y,
EERIZI24.5m ORKIBERA L. X, HETE
BT27Fo8Y FERBIIFEELES t & L, Zhiid
IZ3MBENHIIHABZ LN THS,

(3) MMEREZOHERIZONT

(2N E N/ BHRR F BRRER 21/20& LT, %&
EUOKI TR0, B—12220lER2RY,
BIRLOBANERERYE— 312, HEIRERD



o 10" o design wave height: |8.0m
e model . me
wave period:
breakwater p 2.0
+20°" v . B :37.5™"
height: 47.5°™
weight @
o 100 gr quarry sione B 184kg .
v 40qr quarry Sfone —¢
77 7 ///. 77777772777 /77 77777 oA S SS S S S
design wave height: |8.0%™
wave period: 2 0%
cm o
% deformed block | B: 224
k§Tetrapod)f n : 47.5™
! weight -
\8 100 gr quarry sfone [10kg .
py 404gr quarry slone —
7T 7 77777777 77 777 77777 777777

K12 <= v v FOBEGERFEREERN (h=—6m)

Composit Breakwater with Low Mound

R—3 <UVFOENERBERE CERILL) OEBRER (ho=—6m)

KBS H HE» &A% 3# s z 2 e
H,=10. 5cn FiE, 5l EWERHIC2, 308 EIE, HrdWet TEHEEN TH 3,
" T =2.0sec ARAREETHET I 1B 600 EDEDIER%Y 5iF7- & B8 0. 5mm BEMN oY £
L, BETH B, EFREDKEFAOBBREE | 7L< VIET,
0.5mmIEEFTH 3,
Hy=14. 7cn 2,3 DBARHEE VET 0EDIER % Stk & BraEe TREOR G FifT
T =2.0sec REETH 3, 0.5mBEOCHEBHBLRT 53,
N, ENLIRIIEETH B,
Hy=17. 5cm 2,3 DEA[ERITT 58T | 00EOENERY 5 #la IDWERHETH D, iz
T =2.0sec L, EETHD, DEEZ T BH, 540 HBHEO AR Bz VERENE
BHREI1I@TEEL TS, | BT 224, ZLBERLHY
e L . F T2,
Ho=19cn BREIZETH S, KEFROBHRIZDENE | RED oY+ v/ REEIKE
T =2.0sec BV THD, <7mm< LW THB,
60 1l EH— 813510 B ¥ D%
150%# 1.2 BEDORILTH 5.,
3608 #% 2.3
510% % 5an
570 % 7.3
) BB EET 3,

— 17 —



£—4 2V FOEVEBRBIKE (AR

R LERER) ORBRER (he=—6m)

KB & & BEH» BF % -3 & % ) fth
Hy=14.7c0 | ZETH5, BETH D, WIEHEBEHTH 3,
T =2.0sec SFSEYFHILETHD,
Hy=17.5cm RETH B, 105 H 2 T 0. 7em DFIERET) INREETH B,
T =2.0sec TN, FNALBEEET
» 5,
H,=18. 4cm HETH D, 0.7cm DEHE T ENEET
T =2.0sec H5,
Hoy=19m RETH D, 00 DENIERIZE V. 1. 4m | BE— 912800 L EORRE
T =2. 0sec DEME T4, 10501 B T,

THEHEIFR L TH S,

BEH—8 <v v FOEWERMER

nEE (GL0EE ORI

BE—9 AMOHELRERORKER

(8007 B DIRTLD



g
TP JO

. om
R design wave height: [8.0
L model o Sec
breagkwater| . wave‘penod. 2.0
+20" B :325"
— om
helght: 475
welght ¢
k
100 gr quarry stone 184%9
/
40gr quarry stone N4
TSI TTTTTTTTTTTTITTT 77T T 7T T 77T 77777777777 LTS

om
design wave height: 18.0

wave period: 2.0
. om|
2z +2 deformed block 8 "22'3,,
K%(Tetrapod) h :475
| weight :
1okg
100gr _quarry stone

404¢r quarry stone

TITTSTTTTITTTTT77 777777777 7777777777777 et

H—13 =9 v FOIEGERBEEEER (h)=—8m) Composit Breakwater with Low Mound:

£—5 7V FOEEEBKE GERILL) OXRER (ho=—8m)

ERBR &K BHE» BAHSE 7 % Zz 2 fto
Hy=14cn BETHD, 0.5cm DEBBINEHZMAE | BEHENTHS,
T =2.0sec ETHD,
Hy;=18.5¢cm RETH 5, BHREOEDEBYVTHS, | OBERFELILHTY
T =2.0sec 87 H 0.8 WRKEWHETH D,
40K B 2. 1m
2008 E 2.7
300858 3. lcm
390 B  3.9cm
BREEzey v FBIC@T
T5, 30 B oL T E
1.2em T 55, #ikiz 390 B
BLIBWURETH D,
Hy=20cn HETH B, BHE 132100 % 124, 4am TZE
T =2.0sec TRil.3m ThHhd, BET
3B EERRT S,
Hy=23cn RETHD, 240%: B T B AL9. 8, UL
T =2.0sec THR2la, KE<HEDHZ
B 3,




F—6 YUY FOECBEBIRE (ARBETRER OERER (h=—8m)

EER LM BE» 25 % ® th z » b
Hy=14cn HETH D, | BETHB,
T =2.0sec 1: 1 OEMOBAILT & '
Wk DEET D, REARE |
1:2Th3,
Hy=18.5am | ZETH5. S BETH D, IOBRBEBEE VK E
T =2.0sec BTH3,
Hy=20cm BETH B, HETH?, BEOBRERCBEEOnY £
T =2.0sec TFSEY FIX1OB%T 3, Y7 RT B0, BE LA,
EIS120. 5 mmEETH 5,
Hy=23cm BETH 5, 20EETO0.4em, 1503 B T FrIRY FEBLECTEIzT =
T =2.0sec FKEMREDT b 58 Fiz 0.6cmDIEF T3, b3 » i &5,
THIEET 3, VRERIER L T B,
Hy=24.5cm BETHD, 2EBIZEAT 3,
T =2.0sec BEMGEDT F 7 RY FII T
HiEET 5,

BANEBRER+E— 41177,
INHDERTIR, BIBRBZ =Y Y FOEWIRRE
BRORASEENER TLRBETH S 2, HEAME<
YERS €7z, BEH LDORBEABUBERY GRS
NTELRDPHATY, BEADEHRESKIB,IHZ 2
LWBETELN O, BEOKMHLIE B 2 & F
N, REESBHE LRSI ATEEN-LOTRITA
W, 7201 EOTRED DD TR FAITETT
2LUDTHBIEMD, BELOREERSE/,
() BABURZEKEN—8mnEs (M—138K)
BRE S (INER L DR R, 7723
ROBEKEZ—8mE L7753 TH2, LEnDT,
BRRASETRCUINERLEZLDEFD T AW
72 BRIER%1/20& L, R—1312EN%E R L T
B, B—5 LR—GIIZNTNHEEILNOLNELSLEE
BOBEROERBERERT, 4k, (1), (MITHEAL
ERREIENANVEDLDTHS,

(M) SEERERT2ER

7, HEIL LOBIYBOEEEIIOWTEREE
ER—3 ER—5 AN, BREEIV/PSWEIZHHL
THEETHY, BHABWLEEBZONZBEOIERE 5133
ETBEMET 2, TCIIREREL RS, B
ORENENRBTDEIBICEIOTAELBHTSZ
Vg, BEKRBEEYET S, —HFEERIRERD
SRRRHBEI VA RIOREVEISHLTLEETH
%, IDBANEBRERIE—4LE—6IZRL T

5,
HEIZLOBARKEURDRBILIZEALE VLS
Thd, Tabb, BHESIVSHEERZVWESD
BEOERIZE D TOREKIBI 2T 3, BEIRER
DEE, BEHES L V0N BEREVESOREIHL
TLEETHY, BEMIZE AR VDRBEH 2,
IITHEILZ LOBRIREVORBIVINE L,
BEIZRBEROEAIIHERNRBORENEREE LT
Bk 5, BETIR LOBADEY OB BT S
BEL Y LWEHRNE2ER LA, L L, BEERORE
RELDEIOBHBE BRI LETHY, ZoOWHE
BOERTREMDRBE UL LD/ EEZD I ENT
2%, WARKL8 L L BAOKERKEZIMTH
D, BRERIIERL-7.5mIEO yr—Y vyOhb iz
IMIEDTr —V VEERATHERERDORBAEMT 2
IEIMEETH S,
4—2 TV FOBFNERBRROEERICONT
(1) WBEILLOBA
B REEOEDL 31T H R B,
WEHGRAE  ENE Ho=3.0m
BT = 9sec
HIEEBERR ¢ =1/50
BER RS R=+2.9m
BREKFE=—9.1m
BH/KEId=—3.1m
B+ 0m

(H—1428)



Z04h, BESRAERZS00kgEL; avs Y=t ¢
PRENERFERZ 0.6 £ L, B, 83T o84%
1210 &9 5,

IoBEERF I nE, BEREREME B 388
Bt 2o/Lo=0.072 D & & HIHo=0.97 TH 2 b,
2.9mE BB, $7:, d/H=1.1<2.0 TH 3 » LB
BES 2IMOBETHD, LOoT, BABRKL5 (K—
10T d/Ho=1. 03134 2 I T 722 L DBA OB AFEED
DENPREDKE T T—RIMERTR0ET 3, B
IMEBHBBENI L THETH B 7 D134k 082 6 mLL
FHETHY, GEICHLTEETHD2HI34.7m

VULnREBELEET S, 2T, BENEH L ER
L TEETH D010 6 mOBRKIE: BB &+
3,
BRERE1/20E L, SRR BL 0l »ic2E
/], —1mt=2mzonTHRUKHENERS LT,
R HBREERIIIE30m, FH &30, ER Bkg v nE
2BH, I TE20m, FE30m (v¥5 =Y b EOUF
V) OEBREZEMRLER 98kg & L7, ZINLNE
BERZE—T~F—9I1RY, I TERHOEMA+0
m, —1m, —2mizzh FNEEROHAI+15. 5em, 10.5
om, 5.5em¥FEnT B,

-7 ZOVFOBVNERBER GERILL) OERER

T=2. 0sec W.L=+15.5m
EEBREH BREDRAEE #* % n i)
Hy=10. 8cm RETH 5, BETH 3, BEENLEOERE 5147,
BEYREGAOH S TE
R¥gETTH 3,
Hy=16cn RETH 3, RZETH 3, INEREER L DR EWE
Thd, BRRESE+5m
A TLEY, MEE23,
Hy=23cm RIEBRADREE L D3, 200iE T 1emiBEh L, 5000 | BMEEBIEFIIAEL, EE
4E=Y Y FALEETSA, | BTL6@BHTS, v v | E&Ealmd b3,
HETH B, FADETHH Y, EILEE EE—102R
BT 5. REE.
£—8 TIUUFOBWERBHE CGHERIAL) OEBiER
T=2. 0sec W.L=+10.5cm
EEBREH RE» B EAEE #® & % n it
Hy=14cm AEERBESRAL2,3E | ZETHS, BESBRAREE TR & 2
BET D, KETH 5, . »RVERWIERT 3,
Hy=18.5m BEGIHEE £ T1210E< 5 100% B T0. 3cm < &\ iEE T BERIE ZEES I S5m
» WBET B, o ZHNEETHS, (B, o
Ho=20cn BIE O 1008 $2AEKEITHE | 4080 7cn, 130 TO0.8cem | BWEBIIFEF IS,
o %95, o | PBRBEERTAREE 2D, | BA-1IER
Hy=23em BAGKECEELL 2L | 200BEOEIHRL 3@T, ALAREE ST
_'_Qwé%ma—ﬁgggaéa REEL1D, N B
Hy=24.5cem BECLY, BEBHROEE | 200 Caem, 260#Tl0m | HMERSE
BEHLNETT 3, FIEEREG KHWIEBIL, = o v Fdus
REB I 2T 3, | BYIBE NI =9V F
| %&b, ; ) )




£—9 2OV FOFEVEREER GHRIAL) OXRER

T=2. 0sec W.L=+5.5m
EREH BE» &R % & * n 1t
Hy=10.5cm 2,3 DRIV FEBE | BETH S, BEIOREDBRE<T Y FE
TENR, BETH 3, TEEHRIEE LD, M2
N 3R HTRIBIIERT 3,
BB R,
Hy=14.7cm Hel, FlERIVRARE | BRETHID, BAITI EWH L 22N, B
LT3N, EETHS, DHFEMLVPBRNTHD,
B RGFERTRE,
Hy=17.5cm BlEluc k= v FidA I | BEEETHECYEL, 500 | REETTERIREALY,
AEIPENZ E Sh, SRR B#Hizey v FERICEST » VERENIIER T %, B
el 2K BLDHEIZE 5, ‘D= v FEABHRE
b2<, % LT, BIEKES»DHS7:
H, BEO»VFHEMLRL, &
D ERANI D,
EH-122R

BE0 <Y FORCBRMEROER (2005 HORE, W15, 5m)

(1) HEIZBEHROES

WETE LCBEBETEERL:. GEELORK
BB 3BT b RY FIEETHS) I THE
HDRTY YV FORWEBRGEROEYR L, = U vV
FORNEBEROBENZNOIIMATELLENS
TEThB, 2T, Hl02FA L COENRRERTHT
B2LEDA/Ho ®d ELTEDKERESDN, d L L
TERMAES E N BEBEINEA d/Ho=1.03 TH
HEH0.9THY, d &L TEREREKEL NG

d/Ho, =3.0CENRKRIT L1 THD, /2 d &L
T EREOHEOKES ENESHEAEEE L3I b 25
3, =V Y FOBWERBEBROELRIERT RN
BEOEERENBAG d/Ho o d & LTRMKERZ &7
2, BEBMBOKEREDTY d/HZKENEIZH
TIRehE, BARKL AN EYFRIIEO2TERIZE
MIRENDDE RGN D, IV FAELB
MEET 2GR T 38813, dHNDAE ZDKER &



%y .
: -4

BE—12 v Y FOBWEREEROFEE (5008 B OREL, #6I+5.5m)

BELRIHD NI DBEOEAIFEHE L T—IH0.91.3 EB% 76kg 12hbe, INHOERERFE10,
DEBETH2 11 %FAL, ZORHPELRI—5 11, 12627R,

WREE TR TR0 E Lz, FHEIEICRAT SIS () EBEFERIHTIEE

B7ov/BRII8 t THB L L, #0MOGHI4 EBEEIE—T~FZ1Al401E, TORBRED
[I)tRAKETH B, L EoEnI LTy, R ESIIRTAEAIS S
AEHTILEHENS 4.5m, EEIHTIEE LERDHOMB,

STEN L AmOREEFNRELE TS, LOTERIZEY HELZ LOBADOREDOEBHRIIIPENL I TH
AN REEII4.5m THDE, B4 2nHERLE TR 3, 27, Efr+15. 5mnBARER L V0% EE
T RIEER: (1) L ERCERGRY1/20 & Th1E, KECEDOERATE BB L, RiKz=y Y FE&IC
(822.5m, 30, B 76kg DLDELBHA, I - BLWRLND, Hfr+10.5mNEAIRHES L V60%
TRIINERLABERGK(I Y7 ) — FEDE A, BEXZWEOERTEDL, #A+5 5m DHaE

— 93 —



om
g +IS5

}_\—" ,

design wave height:145Cm

wave period: 2056

4

X8|
et
+00

A

]

2 v
\ 160 40~50? s
4
o~ small gravel ,
N . 7
7 77

2 .
- small gravel X/

TTITTITTTI 777777777

40~50% /.

FTTT7 777 77 777777777777

7777 7777777777 777777777777 7777

K—14 = v FOEWEREEKER Composit Breakwater with High Mound.

£—10 2o v FOEWERBIKE (BRIFRIRER ORBRER

Be T 38 ZNUBRIEET
60

T=2. 0sec W.L=+15.5cm
EREH BEH B A S 5= % z ) i
Hy=10. 8cm BETH D, BTETH D, BIIFF5RY FETWRR
MR E B,
Hy=16cm BETH D, TETH D, B 22 fEAT 5,
Hy=23cm BETHD, 1503 421, 5em, 300 iz Bz 0 L SET T,
3.5cm DEFHEL, =TV F B EWERT 3,
RIS L TREIREEE 22, | BE-18BR
£—11 T9v FOBERBRE (BREERIRBERORRESR)
T=2. 0sec W.L=+10.5cm
A BE» #6 % 7’ & z %) ith
Hy=14cm HETH D, BETH 5, T3 EY FEATHEIZERT
5%&5t0u§wo.
Hy=18. 5¢cm RETH D, 105 B £ T2 0. 6cm FREDIR BEHLTMIHY,



Hy=20cn BETH B, 1500 % BB RI32. 20T, - | BEBENZOAZ,
' Y FRICEMSBAAY 2, | BER—UBRE

tTE 1.5cm, BEMRIEE
TBI Ly PRI
Bb 3,

Hy=23cn BETHB, CEVEIERSAFL, H=20 | REBESETHB.
aNBA LY Y FE
#Bizsbd,

He=245a | 7b3Ry K 1oW%ET5, | @0ERIELHEEND. | 7 b5 %Y FEEEHR L%

ENPEREETH B, v, BEEEE,
£—12 Tov FOBOERBE (BREKTSRE OEBEa
T=2. 0sec W.L=+-5.5cm

EBEH BED B AE -3 & z » fth

H=14.7m | RETH5, RETH D,

Ho=17.5m | %% <55, 1088 2 <2 0.2m 0BT E | BE—1588
TERRETH B,

Ho=19cm RETHD, 30006124, 5em, 390 Wikiz | F b5 AV FBRTIZIF Lu
7 cm, 750 %128. 9cnd X 5 B e 3,
4FRELT, BETHIEN
C=u v FERICES 3,

HEEL V20%KENIKIZE VIBHZED B, DEZH
BILRERDBA AL +15. 5cm, +10. 5cm, +5. 5emi 2

o

EHE—-13 BEH

3«

BTREHROER (300 ORI, HIE+15.5m)

HIZRBIrHBL5TH3B,
4—3 BEBFEROREHRICONT

HLTENTN60%, 37%, HEERHEBIVAE
WL CHIBIIERTE S, WTADEAILVERE

I I CREHERoOgERBTRIIER IN/ oV 7
J—bF Y FOLELIOWTERET RS, REER



BE—14 BHHEEIHZ
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