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ABSTRACT

When the waves break on the slope of break water in the breaking zone, some amount of wave energy by turbulence
due to wave breaking the remaining energy induced the waves to over top the break water. The vertical distance
between highest water level and water table levelsis known as the foreshore level of wave in breakwater zone. This
study follows the previous studies which are paid escalade waves on the impermeable beach smooth. Wind Induced
overtopping risk of a breakwateris calculated during a service period using data from local wind and the average
occurrence of strong winds and the performance function , z, for theovertopping event and apply the method
AFOSM (Advanced First Order Second Moment)for the feature confidence and likelihood of occurrence
overtopping for a strong wind. Firstly the results show that the risk for three different values (H.—H;) are very

variable. Secondly, If the water level is higher, considering the type of probability distribution for the wind will be
more sensitive; As can be seen, in lesser (H,—IHg), more differences is obtained in the probabilities of each

distribution.
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INTRODUCTION

Increasing of water height because of the wind wade at the back wall of break water is an eveat tould be
Induce overtoppingin some cases.As result of waittiag to lateral surface of the breakwater, gaiaramount of
water is drawn on the side of the line that callemle run-up. Depending on the amount of slope and &f
breakwater and wave height when hitting to it, Wae run-up can be very difference. In fact, witimsidering of
wave run-up as well as other factors (such as)tidee maximum water level may be obtained at tigeeof the
breakwater that can be used to control overtoppfrigreakwater. Fig (1) shows how wave run-up oaaliwn the
breakwater.

L
Aun-gdown

Figure 1 - thewave run-up near the break water[1].
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Overtopping phenomenon is definedfds= H_—H ; thatH . is the final level of top of the breakwatkl;is water

level height in the front of the break water ad@ increasing of height of water level in the frafithe break water
due to wind, with this criterion, probability of estoppingdue to the wind is defined as equation(1):

p; *p(H = H_—H,) @)
pr Aplz < 0) (2)
::j.(HE_HE.)_H (3)

z is called, the function and overtopping occursemiz<0. Wind induced overtopping follows from paiso
distribution with average occurrence rgt®-). Then the wind induced overtopping risk can be estioh over a

period of time of T by using of the following eqigat:

P.(T)=1—exp (—‘S.I.I.TTGJ.-;I @

So ifir,,. the average occurrence rate gaghre known, the risk can be estimated. There arergewmethods to

calculatefpfsuch as direct integration method, Monte Carlo wetth\FOSM and MFOSM methods.[2]showed that

AFOSM is appropriate method between the availat#¢hods to estimate levee safety. In this papergiitiby of
overtopping because of wind and wave are calculayeagsing of risk analysis with AFOSM (AdvancedsEi©Order
Second Moment) method. Then risk of overtoppingalnee of wind and wave are calculated by randonreati
wind and wave of coastline a definite period. Irs thaper, only the wind and wave profile consideraadom.
Finally the height of the free board in breakwatesign is calculated.

2. Wind induced overtopping probability
Wave height as result of wind usually is dividetbitwo parts: (1)the effect of wind on wave hei,rghtis called

setup and (2) the effect of wave on wave he}igm called run upon the upstream slope of breakw8gpresented

equation (5) for calculation C}l: for higher wind. speeds as follows:

n

— (5)
h. =1 0.045V,,/F,

In equation (5), is setup on ftL is wind velocity on (mile/hr) an(lj:_ is along windward on mile. Run up height
n .

B

4

is a function of wave profile that depends onadiietween wave height and wave length, slope, meghand
permeability of breakwater.[4], [5] presented thart that shows function of these parameters ommheight}l .

The equation (6) is expressed instead diagramllasvi

h (6)
h, = ah_exp [—b (r_f\]

Sy

Values of a and b are presented in Tab (1) foskhee of the breakwater. In the equation (6),s dominant wave
Ll

5

height that is found following empirical formula:

- 7
b, =2 0.0341 108 0% %

485
Pelagia Research Library



M ehdi Nezhad Naderi and Mohammad Javad Fadaee Adv. Appl. Sci. Res., 2013, 4(4):484-489

Tab 1. Amount of a, b in equation (6) [5]

aand bin rough cover slope aand b in soft cover dope  Slope(vertical to horizontal)

7.86 1.21 3.73 2.67 1:2
8.39 1.19 5.45 2.76 1:2.25
8.88 1.16 6.86 2.80 1:25
9.50 1.08 8.94 2.75 1:3
11.72 0.96 10.71 2.28 1:4

During a occurred strong wind, the probability @edopping is calculated by equation (1), so that:

H=h. A h, (8)
h.is water setup due to wind(ft)/,. is wave run up(ft)}.. is wind velocity Plﬂe‘i;‘hr),.’z AS Dominant wave

height(ft) andF. is effect of fetch widthif1ild). Finally the function (Z)can be defined as folkaw

J— - F01E
Z=(H.-H,) — [0.45V, /F. + 0.034aV P F?7 exp ~0.0285"w /roos|] 9)

By using of AFOSM (Advanced First Order Second Motmcmethodeis calculated as follows:

P =11 —@(B) 10§

5 =1

E:Z'.‘is reliability index, o is Standard deviation of the Z distributichi{ ZI) is Expected value ang( Bl is

4

the standard normal cumulative distribution thatialuated irBlevel.

3. Wind velocity deter mination
For calculation of probability distribution of ansumaximum wind velocity is used from 3 probabildistribution
function as follows:

Extreme Value Type | (Gumbel) [6]

f(x) = dexp[-&(x-c) - exp(-a(x- c))]
F(x) = exp[-exp[a(x- c)]]

u=(0.5772164) +¢

ot =7,
6a*)

Extreme Value Type Il (Frechéf):

f(0= 94, () exp-()°]

F(x) = exp[—(%) ]

H=a r(1-1/c)
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o’ =a?[r(1-3-r2a-1y
C C

Rayleigh Distributiof8]:
100 =079 Lexp- (92

F(X) :1—exp[—%((xaj C)2] U= /%a +c

0® = (2-)a’

In above relationships f(x) is probability densftynction, F(x) is distribution functiony is average and? is
variance. Wind velocityl;,_must be measured above the water level for estmati setup and run up but available
data forl’_is used from Zabol station in land. For correciidli,., [5] presented a factor that is showed in TabJe (2

Tab 2. Amount of correction factor for wind velocity

Fetch wind length (mile) 0.5 1 2 3 4 5
(Wind velocity in water/ Wind velocity in land) (oection factor) 1.08 1.13 121 128 1.31 1.31

4. Resear ch limitations/implications
Performance Function, Z, for the overtopping prdlitsiof occurrence of a strong wind depends on sdattors

such as wind velocityV,,, the effective wind Fetclf;,, the water leveld ) and the level of the break water
crest(H. ). It should be noted that no errors related torteelel formulation by Bretschneider and Savilleig n

considered. Therefore, the wind velocil,() is the only random variable. Maximum wind velgdi assumed that
be occurred in the direction of effective wind Fetc

5. Numerical result
In this study is paid to evaluation of wind induaagtrtopping risk as follows:

1- Use of local wind data and determination of eoence average of sewer wind.
2- Determine the function z for the overtoppindbcéakwater.
3- Putting the values of all variable§,, in the function and uncertainty analysis for theariables.

4 - Apply the AFOSM method for reliability index.
5 -Overtopping probability for the occurrence afteong wind fD ).
.Io’

6 -Calculated wind induced overtoppingrisk in avger period using the relation (4).

In order to further clarify how to apply the contey wind induced overtopping riskthat was desatibe the

previous sections, wind induced overtopping riskaofonstructed breakwater in Oman Sea is calcul&tetth

length is assumed 1200 m. Information of wind vi#¢joreadings are measured in Zabol for 36 yeardatd (1998-
1964).Correction factor should be relevant to titerpretation of the surface water is applied ®ltnd use Table
(2) that is obtained 1.13.Also list for this yeasresented as a series of annual maximum witel idal' able (3).

Need to remember that this study is used from e@estatistical distribution (Gumbel, frechet, Ragte and the

combined failure. The calculated values for the maad variance of each distribution are presemetable (4)

below.
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Tab 3. Annual maximum wind velocity in Zabol air station

Wind velocity year Wind velocity year Wind velocity

year (km/hr) (km/hr) (km/hr)
1963 83 1975 56 1987 78
1964 87 1976 83 1988 81
1965 52 1977 56 1989 78
1966 59 1978 89 1990 70
1967 46 1979 148 1991 78
1968 52 1980 65 1992 85
1969 52 1981 56 1993 70
1970 68 1982 54 1994 74
1971 68 1983 96 1995 63
1972 56 1984 142 1996 70
1973 56 1985 89 1997 81
1974 83 1986 78 1998 85

Table4.probability of overtoppingdue to the occurrence of a strong wind

distributionRayleigh| distributionFrechet| Gumbeldistribution Parameter
51.49 52.07 55.66 Average
14.84 17.75 15.83 Standard deviatior
0.39 0.27 0.34 %
Fifor
74 =107 71=1071 7.3=10"° H.—H. =1
'-:,-for
2.0=10"1 25=10"1 22=10"1
2.0 =10 2.3=10 2.2=10 Ho_H.=153
- - s e s P for
1.04 =10 287 =10 1.55 =10 Ho—Hy=2

By using of probabilistic distribution for wind \adity, overtopping probability is varied considelg;ah_owestp is
for Rayleigh distribution and highesftj obtained by for Frechet distribution. Since thelability distribution for

1

wind is still not known exactly, it can be assuntbdt each of these distributions is correct, themimined
possibility is used forb . [9] presented weight method to calculate the doetb probability of an occurrence of a

F
4

wind in the form provided N distribution with resgpeo:

.IE}- = Z:\:i"".lt}- 19}

(20)

.. valuesof each distribution are given in Table 4.Wind indd overtopping risk at different return periogs,,--ﬂ,
i Wk

can be calculated by use of the equation (4). ¢Jtie annual maximum wind velocity data in Tableagerage
occurrence rate of wind is obtained 0.493.With aerage occurrence rate 0.493, = 0.493, the results in Table

(5) based on different return periods and amouhI§ Q-T} is presented.
W
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Tab(s).Amount of B, {T') per amount of different H . —1H

Pu(T) Pw(T) Pw(T)

return period T (year) H. - Hy=1 H.;-Hy=15 H.-Hy=2
1 3.03 x10°* 1.09 x 107t 1.69 x 1077
5 832 x 107" +.20 x10°* 818 x 1077
10 0,73 = 107 §.71 = 1072 1,57 = 10°*
50 1 0,06 = 107t 3.74 % 107*
100 1 282 x 107" 819 x10°*

1000 1 1 1

RESULTS

In this study wind Induced overtopping risk of a&&k water is calculated during a service periodgusiata from
local wind and the average occurrence of stronglsviend the performance function, z, for the ovemitag event
and apply the method AFOSM (Advanced First Ordexo8d Moment) for the feature confidence and likadith of

occurrence overtopping for a strong wind. A valfid 01.5 and 2 meters for overtoppliid.+H,) is considered.
Tab. 1 show firstly the amount of risk for thredfetient values of H_1-H; ) are highly variable so that the risk
changes strongly depends on chang@ibf+H; ) and secondly whenever the water level is highemsiclering the

type of probability distribution for the wind to bmore sensitive. And then Tab. 2 shO'Rg$[T) for weighted

average of 3 probability distributions used for evivelocity. There liability indexp, is calculated using AFOSM.
Overtopping probability for wind occurrencié!f, has been calculated and shown in Table. Ovemgpisk of wind

at different return periods, can be calculatednfysiata from the annual maximum wind velocity iewh in Table
(3), the average wind incidence rate is obtainedikem 0.493. Fcr,,. * 0.493, the results are presented are based

on different return periods and amountsFyf(T'). Firstly the results show that the risk for thdifferent values
(H.-1H,) are very variable. So that the changes of rigkedd on Changes oH(,—1H,). The higher sea water

level is the lesser ofH,—1H ), the more rate of overtopping phenomenon in thartsr return period. It can be

concluded that the risk of wind overtopping becomngsortant only when if is associated with the otfaetors (e.
g. tsunami and tide); Secondly, If the water legehigher, considering the type of probability disttion for the

wind will be more sensitive; As can be seen, iséegH . -1H ;) more differences is obtained in the probabilités
each distribution.
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