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Optimal Design of Breakwater Caisson Considering Expected Total
Construction Cost and Allowable Sliding Distance
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Abstract : In this study, a model to calculate the expected total construction cost has been developed by
combining a model to calculate the sliding distance of a caisson of a vertical breakwater and a model to calculate
the rehabilitation cost of a caisson. The optimal cross-section of a caisson of a vertical breakwater is defined as
the cross-section that requires a minimum expected total construction cost within the allowable limit of caisson
sliding, Two allowable limits are considered: 0.1 m of the expected sliding distance during the lifetime of the
breakwater and 0.1 of the probability that the cumulative sliding distance during the lifetime of the breakwater is
greater than 0.3 m. A discount rate has also been introduced to convert the future rehabilitation cost to the present
value. The introduction of the discount rate reduces the expected total construction cost for the caissons designed
for shorter return periods due to frequent rehabilitations. The present design method requires a smaller cross-
section than the conventional deterministic method in shallow water depths, enabling us to design a caisson more
economically. On the other hand, the above-mentioned allowable limits of caisson sliding show similar results
for smaller water depths, while, for larger depths, the former requires a larger cross-section than the latter.

Keywords : optimal design, sliding of caisson, expected total construction cost, discount rate
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Table 1. Characteristics of variations of design factors

Design factors Bias Deviation Coefficient  Distribution Function Remarks
Offshore wave height 0.0 0.1 Normal Mean by extrm. dist.
Water level -tide amplit. * Triangular -
Wave deform. -0.06 0.1 Normal -
Friction coef. 0.0 0.1 Normal p=0.6 as the base
Individual wave. * * Rayleigh 2-hours duration
Wave forces -0.09 0.1 Normal -
Standard is 10% offshore

Storm surge 0.0 0.1 - wave height
Significant wave period 0.0 0.1 Normal -

0.0 0.1 Normal -

Period for an individual wave
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Water Depth : 19 m, Slope : 1/100, Tidal Range : 0.5 m
Real Discount Rate : 4.6%, Cost Model : CASE1
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Fig. 4. Curves of expected total cost and expected sliding dis-
tance for breakwater design in water depth of 19 m.
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Fig. 5. Comparison of cross-sections designed by conventional and new methods in water depth of 19 m.

Table 2. Comparison of design parameters of conventional and new methods in water depth of 19 m

Ttem Conventional Szyp = 03 m Sgyp = 0.1 m

Safety factor 12 1.2 12

Return period R(year) 50 15 23

Offshore wave height (H, 5),p(m) ) 9.24 7.19 7.92

Local wave height H, ,(m) 9.41 6.99 7.81

Crest height /4 (m) 5.65 42 4.68

Caisson width B(m) 21.23 16.25 18.24

BT 37 BRI of 1599 AUF7)E 2 A o) N eal Dscount Rate 4 6%, Gost Model - CAGE1

T2 A7Eol 7] whlolch. w3 518 7)) BEES 0.1 m 2 14

2 ARYE dole F AS- 2T o 2339) AAFE P

2 A Ao AAHelR wolth, ARER AW £ | 7 |, ¢

O WYH win A7te] A i) BEF AN Wl § 15) e z

A Hlge] Havt s 22 9Ee Fig. s eI 7 g | N e L

7] 8 7| BEFE 03 m P& Ae) DS A s / mecmmmwo =

A7) 1530l Aehe AAnmE A Hojd g = [/ Sex g

= Aged AAd oF vruc) 3% adldtk @ 2 108 &

A H8 71 BEEL 0.1 m H Ao BHEA 4 g g

ABRET} oF 14% ATl 2 AF= Table 29 2t} L% | Tolerable Siiing Dist =0.3m - 107 §
Fig. 62 <=410] 14 mQl Z$-2 vl& A4k T4 8- Tolerable Sliding Dist. = 0.1 m =

P12 nRiPS ws} TskA ke we] Ao 2 T

. 0.6
10 20 30 40 50 60 70 80 90 100

o7t gl Ao veldt). ol BulE Akl & o Return Period, R (year)
TS piAE Alole] &0, 4l Fhol W suie] o Fig. 6. Curves of expected total cost and expected sliding dis-
ro 2 Aol WhAlEhR] kgly] wiiel Ao g Faigoe]A tance for breakwater design in water depth of 14 m.

o o8 70 BEEE 03 m2 AFHE B B o
W of 7o) AUFVIE 2E AATDE AASI & ofs) ARSIl WAk vims) Bere W) o 32% P2
WOE, Fig. 73 Table 3014 Bkol AFER AAMel Stk 71tk BEFL 0.1 m AR A= o 10



71 & 2188 9 818 BF kg we S dubA Aol HAEA 287
Old section by conventional method
New section designed
for Ropt = 10 years
- -—f_mt_L - +4.74
+3.88 | ———————+3.46
|
<z HW.L +0.5 New section Hepigned !
= for Ropt = 7 years
LW.L +0.0
10
7
-14.0 13.41 _I
e [
1/100 15 units : m
19.8
Fig. 7. Comparison of cross-sections designed by conventional and new methods in water depth of 14 m.
Table 3. Comparison of design parameters of conventional and new methods in water depth of 14 m
Item Conventional Sgxp = 03 m Sgrp =Gl m
Safety factor 1.2 1.2 1.2
Return period R(year) 50 7 10
Offshore wave height (H, ;),,(m) 9.24 5.9 6.5
Local wave beight H, 4(m) 7.9 5.77 6.47
Crest height & (m) 474 3.46 3.88
Caisson width B(m) 19.8 13.41 15
Water Depth : 24 m, Slope : 1/100, Tidal Range : 0.5 m Old section by conventional method
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Table 4. Comparison of design parameters of conventional and new methods in water depth of 24 m

ltem Conventional Sexp = 03 m Sgxp=0.1m
Safety factor 12 1.2 12
Return period R(year) 50 35 50
Oflshore wave height(H ;3),(m) 9.24 8.63 9.24
Local wave height H,(m) 9.07 8.39 9.07
Crest height /4 (m) 5.44 5.04 5.44
Caisson width B(m) 21.12 19.14 21.12
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Fig. 10. Variation of expected total cost as a function of safety
factor for several rehabilitation costs (not considering
discount rate).
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Fig. 11. Variation of expected total cost as a function of safety
factor for several real discount rates.
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T @50l Sz ulgo) TS, V) F 7AAdulgol 2L
A ARG E), o3 AgRe: F-Eo] ZS4E v FAS
A Ve, ebdgo] 2o B4t o] 1 Rk
WAk wElh Bnlg F7l b vig) & AR S
7¥7t el R

Fig. 11-:& 224 &91-8-0] Wglol] w2 FF& LiEhd
ot} FYE B ol s RlSo] HolA4F

P

g
ofe ik ofe pot

W Sk, 4 B0 Pans 7
2E1G-8 =] APgEIc) R Qo] Ag 1) BT
Bol v sl 42 Bl Aol whe Al

z3dnle] i}°17} Z5HA| LERd T
Fig. 12€ &350 wiglo) ©}2 oJ3kS aj415 A}
=2 E—‘ﬁtﬂ ez 1 2angat FYsiar 7o &
TEfshA| etk a7 STkl et 71

5 WHIE Ve & 5 ek olE Wedst 571
Al = Aol &Fo] ZUeHA HaL olof e &

{

7 @5 F7ke Bynige] Z7bh Bst] el
3 QHEo] FAUSE, F 2710 APH o] 4

=, Peds walel B 2ol Fashae ¢ 4 ok

42 E8SSE7|FN UE LI HE

& Ao o] AnE HE HA @ 2o] vlg 34
Hths 8539 518 7|1%S 9ulE sl mebs 2
g8FS Hk= A o & e} Shimosako and Takahashi
(1998, 1999y W84 Tte] 58 7o EEFS 03
mE ALkl Goda and Takagi(2000)y= 0.1 mE- #|<t



290 A% .

734

Old section by conventional method

New section designed
for Ropt = 23 years

Taee 158
HWL +0.5
=< New section designed
LW.L +0.0 for Ropt = 20 years
| 10 ,
180 17.51 |
%0 18.24 ! | units : m
2123 L

Fig. 14. Comparison of cross-sections designed by conventional method and new methods based on Sgyxp=0.1 m and P[S>0.3

m]=0.1 in water depth of 19 m.

Table 5. Comparison of design parameters of conventional method and new methods based on Sgyp = 0.1 m and P[S> 0.3 m] =0.1 in

water depth of 19 m

Item Conventional Sexp = 0.1 m P[S>03 m]=0.1
Safety factor 1.2 1.2 12

Return period R(year) 50 23 20
Offshore wave height (H, ;),,(m) 9.24 7.92 7.68

Local wave height H, ,(m) 941 7.81 7.54

Crest height £ (m) 5.65 4.68 4.52
Caisson width B(m) 21.23 18.24 17.51

SI3TE ©1F- Goda(2001)= WA Foto) ¥7) g5
°] 0.3 mE ZA3}= FE (I8} P[S>0.3 m]) 0.12 F4)
38 FEZ AASIA. 2 HoM 38 71FS Goda
and Takagi(2000)7} ANt 71t &5 0.1 m$} Goda(2001)
7F AQKSE PS> 0.3 mIE 0.12 P& vio) AnE v|ws}
o B}, AXZAL 4.1 A st

Fig. 132 4 19 m¥ #<] =S v Holv} o
Zo| ME252 7l 5%S JeEhls, 2252 yed
5 B¢ 77 E3Fo) 0.3 mE RSl FE5L UE
Wt} 314 7)) B5%2 0.1 m2 e A9 3 oy
2 ok 23139] AEF70 s dHoltt. PS> 0.3 m]
740121 & E8 V1Eo R SIS A9 HH wEe o
203¢] @710l sPshE Tdol) o)) 2L SF
3 7)ol siBsle vHEd J1Ee) AYEA dAW
o= AAE dEE Fig. 149] AXSEH. 58 7o &
FTES 0.1 mE IS AS 2HE DA 2% &
HT} 14% @ 744 B35 190H, P[S>03m]=0.1%]

ASole 18%2 99 74 A3s Byt 1 2ae
Table 59} 2t}

Fig. 159} Fig. 17& 4& $4o|Ae] da& vepd 2
g zoltt =4 14 mY w9 Fig. 155 24 3§ 7|0
5% 0.1 mE & A% HA 9L o 10d9] AF
ZF719) ZHct PS> 03 m]=0.12) A9 HA oA
HA) & 1092] @714 siFEt. Fig 162 o] &9
S5 I19°F e Ao 2 38 71l 85FL 01m
2 398 A9 PS> 03 m]=0.18] AS BE ARHE
A A 23 KT} 249 74 AHE BT 2
A= Table 67 2t} 74 24 m € A9 Fig. 178 B
A g 7 FEES 0.1 mE 3 A FF g of
5039 AT FE™, PS>03 m]=0.1%] B5
A AL o 4049 APF7]e)] siFH). Fig. 18 ©]
SHEE Ig0 2 Yl AoE 3§ 7 E5HE 0.1
mZ UE ASolE 2REH AN A% di T
A3 AAE BPom, P[S>0.3 m]=0.12] ASollE 5%2]




2 1

Exp.Sliding Dist. | { 0.9

P[S > 0.3 m]

10.8
15F
107
106

405

P[S > 0.3 m]

W 0.4
403

102

Expected Sliding Distance, Sgyp(m)

—————————————————————— 0.1

A L 1 1 1 1 1 0
10 20 30 40 50 60 70 80 90 100
Return Period, R (year)
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o 4 AxE Bk 1 A3 Table 73 2T}
Figs. 13~18 & Table 5~7 $@H o2 BXs) By
S Lo Axe} IR R, Alo] 78 Hgo

ek WukA] Alol=9] HA4A 291

Water Depth : 24 m, Slope : 1/100, Tidal Range : 0.5 m
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Fig. 17. Comparison of designs based on Szyp=0.1 m and
P[S>0.3 m]=0.1 in water depth of 24 m.
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=0.1 in water depth of 14 m.

Table 6. Comparison of design parameters of conventional method and new methods based on Spyp = 0.1 m and P[S> 0.3 m] =

in water depth of 14 m

Jtem

Conventional Sexp=0.1 m P[S>03 m] =
Safety factor 1.2 1.2 12
Return period R(year) 50 10 10
Offshore wave height (H, ;) ,(m) 9.24 6.5 6.5
Local wave height H,;(m) 7.9 6.47 6.47
Crest height /4 (m) 4.74 3.88 3.88

Caisson width B(m)

19.8 15 15
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Fig. 18. Comparison of cross-sections designed by conventional method and new methods based on Sgyp=0.1 m and P[S>0.3

m]=0.1 in water depth of 24 m.

Table 7. Comparison of design parameters of conventional method and new methods based on Szyp = 0.1 m and P[S> 0.3 m} = 0.1

in water depth of 24 m

Item Conventional Sgxp = 0.1 m P[S>03m]=0.1
Safety factor 12 12 1.2

Return period R(year) 50 50 40
Offshore wave height (H,3),p(m) 9.24 9.24 8.86

Local wave height H; ;(m) 9.07 9.07 8.64

Crest height /4 (m) 5.44 5.44 5.19
Caisson width B(m) 21.12 21.12 20.02
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Fig. 19. Optimal return period versus relative water depth for
Sgxp= 0.1 m and P[S>0.3 m]=0.1.
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