19914 @B W - BELRE CHBRRE RER UK

oMYy 2] BRABMESE L BBt Algorithm ZRAxt
¥ ER . & MR- F SEC .M AR

1. FR

BEDWR 5o NERGY Witd AABE LR T tiee] WEtRol REE A A&
E 3 Hudson, 1959: C.E.R.C.,1984 ). £ 2 ITole FHAUBE tid oS T WEIRo] REHA
31, o]olt= Ryu and Sawaragi{1986), Van der meer(1987)5-2] Ko} glt}. ol MERE BF BRE
M REY BNl XRE T2 ot HAMESS] BRI BNN ARG AN U ks BE
M) clBo] F2Y f4032, MRAL M/ML ks WBOIA ZEsfob Yl BBRL KF
RBR o= FIEE BRAS TREN GBS 2 RN wel A E4H¥cl

3K, oldYS RAFME RERN Fikol o Z-97t tEola, AN THEEHE, BFE%
WE, HiEme] RRWHBES 18 RARHAL BEt algorithnd] FRS KRN WEKS B
Bol ojN FoY HERBE ¥ 4 Uk ol BH TN X HRdAM = oty BRY B
AR BEwE e fixel Fik BEEES #A, AN TREES RN KELE
2BEI MEme] BRWUAME U HEBENRS AAY REHC] AR MEYH T A= RAR
M1t BEt algorithnd BARSID, 1o HAKS WEYUCL

2. SRFAME(L 3REH Algorithme] #HEE

MAUNE BE, MK 5o KEMES] FHRE AHKE(EEAD) FRERES 283t
£ RADRHEL WA algorithme] ZEL Fig. 13} Ut} Fig lold WA BAEHEI W2 BEAS
o] BHAN (RPnax )8t B S50 wlel AR ojA| = HFERARY LR (ADnx)E 25}
3, By wATMB(AD;, j=1,2,3,---N)3 BREAM(RP, i=1,2,3,---NN)E AP}, clgol &
N he AN SRE dolxle BREAMI BIHBE B iy Rel, BRHARE 5 &
HEREAS MESHEA BABES e WEHTS 5, wHRERE ALttt o] of &/
WE REFES RS o) &sta, #xke] Hikol ¥ Azx: B¥tEEY] MHESR o &
grh, Y g2l 2ol tiyt MRS BMIL, HERSR L BEY XN S¢ RRA
& AART) ol AAANY L wHESle] RMRAC| B/t Hl= BHIAMY AN HAERARS
AAsr3, olof uiyt #MEH] MEHILE Foi7l= WET algorithmo]tl,

3. #ElmEe] Rl 7k

3.1 BEBY
¥B—#1E(Uniform slope)& Zte BHEERS] METBME Fig. 29} o] HA3ta, i3 o2 el
g 4= glch
X=(X1, X2, X3,Xs,Xs, Xg, X7)T (1)

A7, Xsx= FEA(=(W//yr)t/3)olxt

¥ Bargac)¥ta sfor 382} (Dep. of Ocean Engineering, National Fisheries Univ. of Pusan,
Pusan 608-737, Korea)

wr (2)HOZZY Mubsjord 24 (Maritine Research Institute, Hyundai Heavy Industries Co.,
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[ TCMmax, N, NN, (AD;. j= 1, N), (RPi, i=I,NN) |

L N 7]

———j=j+1, izl |4 Allowable dam;ge rate(AD;) |
| Return pegiod(RPi) ~ J——{ TCMmax=TMC J¢

Calculate the exceedance probability of wave
height and period for returns period(RPj)

(Hudson, Ryu, V.D.Meer) reflection coeffi.,etc.

r"Stability formula l Constraints(allowable overtogping rate,

s 3
| Conventional design method |— Optimization technique |
3 3

| Determination of minimum cross section and initial construction cost ]

¥
L Evaluation of the damage rates for design waves ]
¥

L Calculate maintenance cost and total cost during life time of structure |

K
[ T™MC = min{TMnax, TC}
—N&<FN/>« fes i=W =
Yes

Determine allowable damage rate and return period of wave condition
corresponding to total minimum cost(TMC)
¥

| Calculate the design variables and design the rubble structure ]

Fig.1. The procedure of cost-optimized design of rubble mound structures,

X1

Fig.2. Design variables for the rubble mound breakwater with uniform slope.

3.2 MEtHE EA

HEHE A8 REsty] st BRWIMEA 3 REE FNE U REEANER 5o o
WEtro 2R MEtENE EEE WRESte 3k WERN RETES RERMEE 830, &
ABEBECEE R HHERIEA oY BEIREHHYE F SUMT(Sequential Unconstrained

Minimization Techniques: Kuester, 1973)& ©]-&3%ic}l.
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3.3 HaYyEN U BEHHOELSE
BERYERE T Ao ¥t
f(x) =A+B+C {2)
o{71A, A, B, C&= 4zt BBIMW, filterf#, coreffe] WrESKolIT].
AHEHAS BRS BRANMI SEMEF 2 ohg o2 tich
His3' = Hiss + oHiss (3)
Tirg" = Tz + oTiss (4)

A7, Hisg', Tive'S 24 BEERY AREES 280 BE, @Meld, oHiss, ol 4
He] FHEEHEE UehN: paraneter, Hi/3, Ti/3S BREAKIN BEt AME Liepdct

#WEY ke FMe Hudsond] Rz}, FHAB] itk Ryu U Van der meerd] HREHE X
BARE M85, ol&E& TASA thy Mt ch

g1 =X%X53 e - [ 70 7 cot@ (Kp(pr/pw - 1)3)] Hys33 2 0 (5)

7w(6.15Q05+20.0) tand ]3/2

81 = Xs3 e - Hisgd 20 (6)
7e3/3(DR*30.1) tang |
Ez3/2 Hi/337e
g1''=Xs3 yr- 20 (7)
{6.2P0. 18(Dy/y'N)0-2}3 (pr/pw-1)3
1 Hi/337r
=X53 pr- 20 (8)

{P-0-13(Dy/y/ N)0- 2(cot0)0- 5¢2F}3 (yr/pw-1)3

71 A, o= MM LHAFA, Qp spectrum peakedness parameter, Dg-2 Ryu 5o Ay} #is
¥, Dy Van der meer7} At WER, P #ii%W e permeability PARAMETERo]|CT},
gl FIABM w2 BB, REE 59 BBRMHEEGS ER1L 3PE o A3} gl
g2=A0-Q 2 O (9)
g3 =AR-Kr > 0 (10)
71, AQE MERME, ARE MARMER, O Kr 247 BHEN KHR REROTHY HRY
4 e lelth
ol& ol K, #ES] REY Fol Bl BRI REWHE F7HAE 4 Qlch

4. RAFM L RAREL
4.1 MHTRMR(ICC) U HEFMER(FC) WE
PHEER 3 M KASR(MY)= 42 o A2t ),
ICC=ca A+apB+acC (11)

™Y = fiEUFC X dF ) dRP (12)
L

4714, da, b, act BBEM, filter/F, corefifol ti¥ inE({H, RPy, RPLE asjo} & HHEM
o] k- TR, dRP= BIANS ME, FC= d29 s oyt BEHER, Fe MR A%t &
M sEREER|CH



4.2 RABHE1L

‘ Expected total cost
BEWS) BOPH SO WIY WRA(TOS \>/
Fig.30] UEhd Azt gonl, MEMBRE R P

WALRER(Pur )& o8, BAEMMCEH)Z & | \_Cost of initial

Mt} Uehid ok Az} th 8| T comstruction o0
C = ICC + CCF (13) S\ -
> Cost of maintenance
CCF = T™My X Puf (14) 7T S
. S
- . ~
5. Algorithn®] WF & : S~

Wave condition for optimal design

5.1 BEtHH 9 BEREH

i

ANBEELS PHolN BUY BR datad Return period(year)
AH2ste], mBEMITOl 23 4& BEREN Fig.3. Construction, maintenance, and total
W ARES ok Hel costs as functions of wave conditions.

His3 =1.01 Rv + 1,93 ]
Tis73 = 2.50 Rv + 6.66

71N, Rvis BHRY FEEERER iy WMolth T, RAMNAS T A(11)9] MEM .. a
b, et 212 9.4, 3.4, 12 Fic},

5.2 BEHE N RRAL BKl

Fig. 4= AHRAPEE i eZ § Ryu and Sawaragi(1986)2] AR o|&5lo] spectrum
peakedness parameter Qp2] H3jo] 2J3t BMEL] HE&ko Mik(a) U HEHHHS Bk(b)} HEW
¥ Drol Mol &% #EA Hik(c)z} WER(d)] BLEHES ebd Zojr)

Fig.5¢ 3®{t 2} parametere] i{bol o3t ALl W{LEEHS LEhE fiojt). o] EEoA
g 4 AR BARAS 2= BREMY Shol FESID, I HALS BEHEG wletd 2 &
ST BRAS 3 EU BESHA Uehts Wi algorithe® 2 WARKS FARS ¢ 4 2

ch.

(15)

6. ¥R

Shbo] mEsl ol MM N AHRYE. KEEY BRUHBRES s, #xe] Hk &
BALEES ol & BEX BREREYD RAREL BREF algorithng BB, 1o Hi#EE dE
B0l dBHe=2M O HAK AN Bisiach & B BRY WEF algorithnd #3k
o] REtTE A BEEEES S0 2a3tn, REHBS REFES §Esld] BEIHE VAL
71 wiEoll MEHH WEC] o MEMS BRAZL 4 ol RS 71 algorithmolal & 4= 9lth

BEXR

C.E.R.C.{(1984): Shore Protection Manual, Vol. I, U.S. army, Corps of Engineers, 7-202-243.

Hudson, R. Y.(1959): Laboratory investigation of rubble mound breakwaters, J. of Waterway,
Port, Coastal and Ocean Eng., ASCE, Vol., 85, 93-121.

Kuester, J, L.(1973): Optimization Techniques with Fortran, McGraw-Hill Book Company,
347-425. '

Ryu, C. R, and T. Sawaragi{1986): A new design method of rubble mound structures, Proc, of
20th Int. Conf. on Coastal Eng., ASCE, 2188-2202.

Van der meer, J, W, and K. W, Pilarczyk(1987): Stability of breakwater armor layer-design
formulae, Coastal Eng., Vol. 11, 219-239.
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allovwable damage rate = 60 Qp = 2.0

Fig.4. The variations of design variables according to the spectrum peakedness
parameter{Qp) and the allowable damage rates(Dg).
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Fig.5. The variations of total costs according to the allowable overtopping rates, spectrum

peakedness parameter(Qp) and allowable damage rates(Dg, Du).
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