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A Study of the Economic Design of Rubble Mound Breakwaters
Using ADS(Automated Design Synthesis) Optimization Program
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ABSTRACT : In this paper, the method of determining the economically-optimal design section of rubble mound breakwater, using ADS program,
was studied to supplement the deterministic approach. First of all, the design waves are computed, according to the return periods, using the
Weibull distribution from the data of waves at the location of the breakwater. In order to take an optimal section, according to the return periods, the
ADS program was used. The restriction conditions and objective functions are decided from the references of the specifications and standard
manuals for Coastal and Harbor Construction Work. Results from this study support the ADS program as an appropriate method for determining
the economically-optimal section of rubble mound breakwater, comparing the construction costs and the initial and damage repair costs for its life
time.
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Table 1 Annual highest one-third wave in Ulsan new harbor.

Yr (H pax )13 () Yr (H pax )13 (m)
1979 43 1989 35
1980 31 1990 34
1981 3.3 1991 3.8
1982 33 1992 3.7
1983 4.0 1993 34
1984 3.1 1994 3.6
1985 3.6 1995 3.6
1986 3.6 199 31
1987 48 1997 3.6
1988 31 1998 4.6
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Fig. 1 Design wave height of Ulsan new harbor in return
period
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Fig. 3 Structure chart of slope stability
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Fig. 4 Design variable for the rubble mound breakwater
with uniform slope
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A7) (Strategy) :

(D External Penalty Function Method

@ Linear Extended Interior Penalty Function Method

® Quadratic Extended Interior Penalty Function Method
@ Cubic Extended Interior Penalty Function Method

® Augmented Lagrange Multiplier Method

® Sequential Linear Programming Method

@ Method of Centers(Method of Inscribed Hyperspheres)
Sequential Quadratic Programming

© Sequential Convex Programming

2% 8}7)%(Optimizer) :
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@ DFP(Davidon - Fletcher - Powell)Method

(® BFGS(Broydon - Fletcher -Goldfarb - Shanno)Method
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(® Modified Method of Feasible Direction
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Table 2 Comparison result in strategy

Strategy
@ ® ® @ ©)
Obj | 3572 | 3615 | 3609 | 3601 | 5254 | 3609
Design constraint
hl | 27E-03 | 6.1E-04 | -9.2E-05 | -2.2E-03 |-1.0E+01 | -3.7E-05
h2 | 27E-03 | -7.6E-04 | -3.2E-04 | -1.6E-04 -3.0E+01 | 3.3E-06
h3 | 42E-03 | 1.2E-4 | -6.7E-02 | -6.7E-02 | 41E-03 | 9.2E-02
h4 |-3.2E-03 |-1.3E-03 | -1.6E-05 | -1.7E-04 { -9.0E-03 | 1.0E-04
h5 |-1.3E-03 | -1.5E-04 | -9.3E-06 | 2.3E-05 | -1.6E-01 | -2.0E-04
h6 | 1.4E-03 |-2.1E+00|-14E+00| -8.8E-01 | -9.3E-02 |-1.2E+00
h7 | 49E03 | 55E-05 | -24E-05 | -34E-04 | 5.7E-05 | -9.5E-07
h8 |-6.7E-04 | 1.3E-03 | 24E-05 | -3.5E-06 | -1.8E-03 | -3.1E-04
h9 | 6.8E03 | 1.7E-03 | 9.1E05 | 1.1E-06 | -4.8E-04 | -3.8E-(4
h10 | 3.2E-03 | 5.3E-05 | 4.2E05 | -5.5E-06 | -1.1E-03 | -2.9E-04
h11 | 1.6E-02 | -3.6E-03 | -8.2E-05 | 1.4E-06 | -5.8E-05 | -1.3E-04
gl | 49E03 | -6.7E-04 '8.0E-05 | -3.2E-04 | 4.1E-02 | -1.7E-04
g2 |-7.6E+00|-7.0E-02 | -1.1E+00|-2.1E+00{-4.4E+00 | -1.3E+00
g3 |-1.6E+02|-1.6E+02 |-1.6E+02|-1.6E+02 |-1.2E+02|-1.6E+02
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Table 3 Comparative examination between optimal section

with ADS program and established design section

Established

Station design section Optim(a:lnziection ChaI;%/oe) rate
Geomundo 470 304 () 3b3
Pusan 320 278 () 131
Okpo 1070 727 () 321
Gampo 650 590 ()92
Hupo 1100 911 () 172
Table 4 Input data for design example
Parameter Value Parameter Value
w, 2.65 2 08
K 8.0 C, 0.255
20.0 C, 0.334
S, 2573 C. 0410
0, 0.653 rad 4H 04
0, 0.750 rad A 2920
C, 122 m 50
n 3 i 0.08
K, 1.04
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Table 5 Result of optimization design in return period

Return
eriod| 2Yr 5Yr | 10Yr | 25Yr | 50Yr | 100Yr
Variable

x(1) 29.01 | 2955 | 2990 | 30.34 | 30.66 | 3095
x(2) 079 | 084 | 091 | 095 | 1.06 | 106
x(3) 024 | 018 | 024 | 023 | 031 0.23
x(4) 294 | 324 | 344 | 378 | 403 | 416
x(d) 012 | 018 | 021 | 020 | 026 | 021
x(6) 062 ) 073 1 079 | 082 | 091 | 091

x(7) 3482 | 3545 | 3588 | 3641 | 3679 | 37.14
x(8) 2054 | 20.72 | 2063 | 2092 | 20.64 | 21.09

x(9) 045 | 051 | 068 | 064 | 087 | 0606
x(10) 221 | 241 | 261 | 271 | 301 | 3.01
x(11) 321 | 364 | 392 | 427 | 452 | 476
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