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Abstract : In this study, a model to calculate the expected total construction cost is developed that simulta-
neously considers the rehabilitation cost related to the sliding of the caisson, the economic damage cost due to
harbor shutdown in the event of excessive caisson sliding, and the economic damage cost due to temporal
operational stoppage by excessive wave overtopping. A discount rate is used to convert the damage costs occurred at
different times to the present value. The optimal cross-section of a caisson is defined as the cross-section that
requires a minimum expected total construction cost within the allowable limit for the expected sliding distance
of the caisson during the lifetime of the breakwater. Two values are used for the allowable limit: 0.3 and 0.1 m.
It was found that the economic damage cost due to harbor shutdown by excessive caisson sliding is more critical
than the rehabilitation cost of the caisson or the economic damage cost by excessive wave overtopping in the
decision of the optimal cross-section. In addition, the optimal cross-section of the caisson was shown to be
determined by the allowable limit for the expected sliding distance rather than the minimum expected total
construction cost as a larger value is used for the threshold sliding distance of the caisson for harbor shutdown.

Keywords : sliding of caisson, wave overtopping, discount rate, expected total construction cost, optimal cross-
section
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Table 1. Overview of damage costs
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Cause of failure Failure type Damage description Damage amount (US $)
Wave transmission SLS Economic damage per day 750,000
Sliding of caisson RLS Structure'll damage per event Case 3 model of Goda and Takagi (2000)
ULS Economic damage per event 555,000,000
9] ole 33 nte} gol Bebl i AR o) o o4
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Table 2. Threshold wave height for cargo handling

Jor HLIZal +ay —(ﬂ+ﬂx)
)

Ship size Threshold wave height (H, ;)
Small 03 m
Medium/Large 0.5m

Very large 0.7~1.5 m

Fig. 1. Parameter B as a function of d/h (Goda, 1969).
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Table 3. Summary of dimensionless parameters for several types of caissons

Type of caisson ay By Yy Range of validity, 2 /H,
Conventional caisson -0.9 -0.34 0 0.30~1.66
Parapeted caisson 0.2 0.13 0 0.61~1.19
Perforated caisson -0.3 -0.22 0 0.95~1.55
Sloping top caisson 3.1 1.05 0 0.66~1.80
Caisson covered with wave-dissipating blocks -04 -0.03 -0.3 0.00~0.82
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Table 4. Costs of one day suspension of harbour operations (Vrijling et al., 2000)

Item Description US$

Cost of shipping operation US $10,000 per vessel per day; average 1 vessel per day; waiting 3 days extra: 30,000
Loss of income PT, direct Throughput 19 min t/yr; Port dues US $ 5.4/t 280,000
Loss of income PT, indirect Bad reputation per day 140,000
Claims Industry, shipping lines, other parties 50,000
SUBTOTAL 500,000
Multiplier for indirect economic damage (x1.5)
TOTAL 750,000
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Fig. 2. Three models for estimation of rehabilitation cost as a function of total sliding distance (after Goda and Takagi, 2000).
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Fig. 3. Comparison of expected total cost of Goda and Tak-
agi(2000) between original and modified Case 3 models.
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Table 5. Costs in case of major damage to the breakwater (Vrijling et al., 2000)

Item Description US $ million
Alternative transportation of inputs to industry ~ Throughput 19 min t/yr; extra cost US $ 6/t 114
Costs of shipping operation US $ 10,000 per vessel per day; Average 1 vessel per day 3.65
Loss of income PT, direct Throughput 19 min t/yr; Lost port dues US $ 5. 4/t 103
Loss of income PT, indirect Bad reputation 50
Lives cost <10, economic damage negligible -
Claims Industry, shipping lines, other parties 100
SUBTOTAL 370
Multiplier for indirect economic damage (x1.5)
TOTAL 555
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Table 6. Deepwater design waves for different return periods
Return period (year) 10 20 30 40 50 60 70 80 90 100
Wave height (m) 6.2 7.1 7.6 7.9 8.2 8.4 8.6 8.8 8.9 9.0
Wave period (s) 10.4 11.3 11.8 12.2 12.4 12.6 12.8 12.9 13.1 132
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{b) SUBROUTINE A {Computation of damage cost by wave overtopping)

Fig. 6. Computational procedure for optimal breakwater
design.
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| Generation of yearly maximum deepwater wave [
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l Estimation of significant wave at breakwater site l
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Generation of individual waves

for storm duration
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Computation of wave force
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with stochastic variations

|

Estimation of sliding distance

by individual wave

Sliding distance is

Sum of T <7(i) accumulated for 7(j)

Calculation of total sliding distance in annual storm event |

(c) SUBROUTINE B (Computation of total sliding distance)

Fig. 6. Continued.
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Table 7. Characteristics of variations of design factors
Design factor Bias Coefficient of variation Distribution function Remarks
Daily maximum wave height 0.0 0.15 Normal Mean by Gumbel dist.
Offshore wave height 0.0 0.1 Normal Mean by Weibull dist.
Water level -tide amplit. * Triangular -
Wave deform. -0.06 0.1 Normal -
Friction coef. 0.06 0.1 Normal 1t=0.6 as the base
Individual wave height * * Rayleigh 2 hours duration
Wave forces -0.09 0.1 Normal -
Storm surge 0.0 0.1 - Standard is 10% Offshore wave height
Significant wave period 0.0 0.1 Normal -
Period for an individual wave 0.0 0.1 Normal -
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Table 8. Comparison of design parameters of conventional and Goda and Takagi(2000) methods in water depth of 19 m (safety factor 1.2)

Item Conventional S;=03m S;=0.1m
Safety factor 1.2 1.2 1.2
Return period (year) 50 17 22
Offshore wave height (H, ), (m) 8.20 6.88 7.20
Local wave height H, , (m) 8.13 6.66 7.00
Crest height A, (m) 4.88 3.99 420
Caisson width B (m) 19.01 15.05 16.29
Initial construction cost (US $) 1.47x10° 1.14x10% 1.24x10°
1.8E+008 T 2 5E+008 2
“““ Exp. Cost (w/o overtopping effect} — — — — — Exp. Cost {Discount rate only)
| Exp. Cost (with overtopping effect) 4 | Exp. Cost (Discount rate + Overtopping effect) |

Exp. Sliding distance
——-——"-~ Toler. Sliding distance

Exp. Cost (Discount rate + Overtopping effect
+ Economic damage due to harbour shutdown)
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Fig. 9. Curves of expected sliding distance and expected total
costs computed with and without economic damage due to
wave overtopping.
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Table 9. Comparison of design parameters of conventional and new methods in water depth of 19 m

ftem Conventional S;=03 m S;=0.1m
Safety factor 12 1.2 1.2..
Return period (year) 50 20 22
Offshore wave height (H, ), (m) 8.20 7.09 7.20
Local wave height H, , (m) 8.13 6.87 7.00
Crest height A, (m) 4.88 4.12 4.20
Caisson width B (m) 19.01 15.83 16.29
Initial construction cost (US $) 1.47x10% 1.21x10 1.24x10°
1.6E+008 2 2.8E+008 2
----- Exp. Total Cost ===== Exp. Total Cost ($)
Exp. Siiding Distance Exp. Sliding Distance | 7
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Fig. 11. Curves of expected total cost and expected sliding Fig. 12. Curves of expected total cost and expected sliding
distance for breakwater design in water depth of 14 m.. distance for breakwater design in water depth of 24 m.

Table 10. Comparison of design parameters of conventional and new methods in water depth of 14 m

Item Conventional S$;=03m Sp=0. m

Safety factor 1.2 1.2 12

Return period (year) 50 10 10

Offshore wave height (H,;), (m) 8.20 6.22 6.22

Local wave height A, (m) 7.68 6.14 6.14

Crest height /, (m) 4.61 3.69 3.69

Caisson width B (m) 18.12 14.32 14.32

Initial construction cost (US $) 1.24x10® 9.53x10’ 9.53x107
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Table 11. Comparison of design parameters of conventional and new methods in water depth of 24 m

Item Conventional S;=03m S;=0.1'm
Safety factor 1.2 1.2 . 12
Return period (year) 50 40 66
Offshore wave height (H,5), (m) 8.20 7.93 8.53
Local wave height H,; (m) 7.92 7.63 - 827
Crest height 4 (m) 4.75 4.58 o 4.96
Caisson width B (m) 17.50 16.53 . 1874
Initial construction cost (US $) 1.51x10% 1.42x10° ’ " 1.62x10°
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