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Improved Estimation for Expected Sliding Distance of Caisson Breakwaters
by Employment of a Doubly-Truncated Normal Distribution
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Abstract : The present study is deeply concerned with the reliability design method(Level IIT) for caisson
breakwaters using expected sliding distance, and the objectives of this study are to propose the employment of a
doubly-truncated normal distribution and to present the validity for it. In this study, therefore, the explanations
are made for consideration of effects of uncertain factors, and a clear basis that the doubly-truncated normal
distribution should be employed in the computation process of expected sliding distance by Monte-Carlo
simulation is presented with introduction of the employment method. Even though only caisson breakwaters are
treated in this paper, the employment of doubly-truncated normal distribution can be applied to various coastal
structures as well as other engineering fields, and therefore it is expected that the present study will be extended
in various fields.

Keywords : expected sliding distance, caisson breakwaters, reliability design method, Monte-Carlo simula-
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Fig. 1. Estimation error of wave force and friction factor (Takayama and Ikeda, 1993).

Table 1. Mean and coefficient of variation of respective probability distributions for uncertain factors (Takayama and Tkeda, 1993)

Uncertain factors Mean Coef. of Variation Distribution function
Deepwater wave heights 1.00 0.10 Normal
Wave transformation 0.87 0.09 Normal
Wave force 091 0.17 Normal
Friction factor 1.06 0.16 Normal
Significant wave period 1.00 0.10 Normal
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Table 2. Calculation conditions

B - el Bzt

Item Value Unit
Unit mass of a caisson 2.10 t/m’
Unit mass of sea water 1.03 vm’
Friction factor (mean value) 0.6 -
Service lifetime of breakwater 50 yr
Return period for breakwater design 50 yr
Observation period of wave data (KYR) 30 yr
Wave data number during KYR years 30 no.
Beach slope 1/100 -
Duration of a storm 3.0 hr
Wave steepness 0.035 -
Incident angle of wave to normal line of breakwater 90 °(degree)
Safety factor against sliding of caisson 1.2(setting value) -
Safety factor against overturning of caisson 1.2(setting value) -
Tide level(H.S.L, M.S.L and L.S.L)) 2.0, 1.0 and 0.0 m
Number of simulation repetition 10,000 no.
. o shape factor 1.0 -
Weibull distribution for deepwater
waves scale factor 1.7 -
location factor 1235 -
Table 3. Computational conditions of breakwater section according to water depth
WIH (m) WTHD (m) WID (m) BWMB (m) HPB (m) Sk Sem BWWD (m) BWHC (m)
8 6 4.5 6 1.5 1.21 2.04 20.50 3.90
12 10 8.5 6 - 1.5 1.20 1.39 2130 5.00
16 13 11.5 8 1.5 1.20 125 25.30 5.00
20 14 12.5 8 1.5 1.20 1.24 27.10 5.00
24 14 125 8 1.5 1.20 123 26.80 5.00

(Sgg and S, indicate safety factors against sliding and overturning of caisson, respectively)

i# BWWD ;i
WAVE ~ —I— c
/\ /'7 Caisson BWH <
3 / \/ 3 ¢ —
WTD WTHD
HPB BWMB
WTH

1
/ /7T FanFoam ¥\

YRR

Sub-soil

Fig. 2. Definition of symbols in Table 3.
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Input of extreme distribution function for nominal design wave height in deepwater

'

Wave transformation

Calculation of wave force acting on a breakwater

'

Design of caisson section under the conditions of SFS 212

and SFM 2 1.2 by conventional design method

!

Subroutine A

:.............-..........1.......-..............-.-

Output of expected sliding distance

(a) Main flow

Setting of seed for calculation of random variables for all uncertain factors

I

_—
i

Change of f

Random selection of friction factor (f) from its probability distribution

v

Random selection of annual maximum wave height (Hy) from extreme

1

Random selection of wave period (T) from its probability distribution

!

Random selection of tidal level (TD) from its probability distribution

Change of Hy, Ty, TD H

H Subroutine B

'||---------------.--.-----1----.-.-----------------.—

Calculation of total sliding distance in annual storm event

!

Calculation of total sliding distance over a service lifetime of the breakwater

!

Calculation of expected sliding distance

Y

Qutput of expected sliding stance

(b) Subroutine A

Fig. 3. Flow chart of computation procedure for expected sliding distance.
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Wave transformation

v

Calculation of significant wave height (H,/;)

and maximum wave height (H,,,,) in front of breakwater

»l
v

Generation of individual wave height (H,,;) in front of breakwater within 3-

hours duration under the assumption of Rayleigh distribution

v

Change of H;,4 , P, U Calculation of horizontal wave force (P)

and uplift pressure (U) by individual waves

v

Calculation of sliding distance by individual waves

{(c) Subroutine B
Fig. 3. (continued) Flow chart of computation procedure for expected sliding distance.
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Fig. 4. Calculation examples of random variable using the normal distribution [(a)Wave force, (b) Friction factor].
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Probability
density

Original normal distribution

Removed part

Doubly—truncated normal distribution

ol

Truncation points

Removed part

Xy

Fig. 5. Conceptual explanation of a doubly-truncated normal distribution.

Table 4. Comparisons between the original normal distribution and doubly-truncated normal one

Classification

Probability density

Defined region Remarks

2
.. . 1 X—X
Original normal distribution X —co< x < 00 x)= ex| {— }
U o A J27o i 26
= [2f(x)dx
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12

x,, x,: Truncation points

o skl ol % ek

+.20 /—glog{4(r'-r'2)} (r'20.5)

X= (11)
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Fig. 6. Calculation examples of random variable using the doubly-truncated normal distribution [(a)yWave force, (b) Friction factor].
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Fig. 7. Comparisons of expected sliding distance according to water depth.
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