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Abstract

In this study, when the stability of the structure against the ocean wave is considered for designing the offshore
structures in the Pacific, Indian ocean and Atlantic regions where the cyclone is largely generated, the ocean wave
caused by the cyclone as well as the storm surge which called wind induced wave shall be predicted accurately for
the purpose of judgment. The predicted wind induced wave was evaluated by comparing the outcome results the
model test of Nobuhiro Matsunaga (1996) and Conventional Experiment forms such as Jonswap spectral
forms(Carter, 1982), Simplified Donelan / Jonswap forms(Wilson 1965), Donelan spectral forms(Donelan 1980),
Revised SPM forms(Schafer Lake 2005, 2007, 2008), SPM forms(CERC 1977), the CEM forms(Kazeminezhad et
al., 2005), SMB forms(Sverdrup Munk and Bretschneider 1947,1954, 1970), and Revised Wilson forms(Wilson
1965, Goda 2003). Most of these conventional experiment forms confirmed a good match when the fetch length is
less than 10 km. However, normal cyclone fetch length is more than 100km, With this fetch length, the compari-
son result is 10.4% of deviation when used Jonswap spectral forms(Carter, 1982) but the deviation of the other
forms is around 74% due to boundary limit of fetch and wind duration. Therefore, in this study, we proposed the
revised forms after comparing these results with the model results. We confirmed that the deviation range is
around 10% based on revisited experiment forms. Since the model test was carried out in the small water tank, the
scale up factor was applied to the mode test results in order to obtain similar results to the actual environment
from revisited forms.

Keywords: Wind induced Wave, Revisited Forms, Jonswap spectral forms, Simplified Donelan / Jonswap forms, Donelan
spectral forms, Revised SPM forms, SPM forms, CEM forms, SMB forms, Revised Wilson forms, Nobuhiro
Matsunaga Model Test

1. Introduction

The knowledge of wind induced wave characteristics is the most important issue for almost any engineering
activity in inland and coastal waters as shown in Figure 1.1.

*Corresponding author. Tel.: +82-2-556-0781, Fax.: +82-2-556-0796,
E-mail address: bychoi@zentechpe.co.kr
Copyright © KSOE 2018.



Byoung-Yeol Choi, Hyo-Jae Jo, Kang-Ho Lee , and Dong-Ha Byoun 125
Journal of Advanced Research in Ocean Engineering 4(3) (2018) 124-134

. Fully-tropical cyclones have

affected these nations/territories.

Extratropical remnants of tropical
cyclones have affected these
areas..

Both fully-tropical cyclones, as
well as extratropical remnants of
tropical cyclones, have affected

these areas.

Fig 1.1 Map of Tropical Cyclone Affected Areas

Natural disasters with strong winds such as cyclones, and storms occur all over the world frequently. When
occurring, wind induced waves caused by strong winds will cause huge damage to offshore structures. Fig-
ure 1.1 shows the map of areas in the world affected by tropical cyclones. In this study, we try to derive a
correction forms that can predict precisely the wind induced waves using for design of offshore and coastal
structures by proper analysis of model test and experiment forms.

Figure 1.2 is the global map of tropical cyclones which displays the strongest storms for the major storm
regions Western and Eastern North Pacific, North Indian, South Indian and South Pacific, Caribbean/Gulf of
Mexico and open North Atlantic. In this way, strong winds have been generated in many parts of the world
and the damage caused by the winds has been frequent.

Tropical d -
ropical depres <62 kmvh

sion
Tropical storm  63—118 km/h
Category 1 119-153 km/h
Category 2 154-177 km/h
Category 3 178-208 km/h
Category 4 209-251 km/h
Category 5 >252 km/h

OE00000o o

Unknown
Fig 1.2 Global Tropical Cyclone Tracks

The cyclone as shown in the above figure has a large impact on the offshore and coastal structure, so this
study is indispensable. In the study, we modified and revisited the other experiment forms based on Nobuhi-
ro Matsunaga model test results. As the results, the Jonswap spectral forms(Carter, 1982) with the smallest
deviation, and other experiment forms had large deviations.

Also in this study, the results of the model test of Nobuhiro Matsunaga (1996) have been compared with
the revisited experiment forms. Conventional experiment forms has been revised and revisited and the re-
sults were within limit of deviation such as 15% of wind induced wave height and peak period.

2. Interpretation Theory of Wave due to Wind Effect

Below it is a description of the various conventional experiment forms for wind induced wave prediction
currently in use.

2.1 JONSWAP Spectral Forms (Carter, 1982)

Carter (1982) developed parametric equations based on Jonswap spectral forms that the spectral forms
predicts parametrically the integral wave parameters. These parameters are then used to define the spectrum,
using the Jonswap shape. This spectrum is frequently used to describe waves in a growing phase. Jonswap
Spectrum forms was considered fetch length and wind duration as shown in Table 2.1.
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Table 2.1 Parametric Equations Derived from the JONSWAP Spectral Forms
0.7

Is Duration > 1.167 ——

U0.4
Yes(Fetch-Limited) No(Duration-Limited)
F < 2.3202 D < 2.01U
Yes No Yes No
Parameter . .
(Growing Sea) (Fully Developed) (Growing Sea) (Fully Developed)
Hg 0.0163UVF 0.0248U°% 0.0146U°/7 D57 0.0248U2
Tp 0.566U%4F%3 0.728U 0.540U%/7p3/7 0.728U
T, 0.439U%4F03 0.566U 0.419U%/7 p3/7 0.566U

Note 1) The Duration(D) is in hours, and the fetch(F) in kilometers. All other values are standard S.I. units.

These equations recognize three main conditions: a fetch limited sea, a duration limited sea and a fully de-
veloped sea. The equations are summarized in Table 2.1 which estimates the significant wave height (Hs),
peak wave period (Tp) and crest wave period (T) using these relationships.

The Unit of Wind Speed in nmv/s, Duration of wind in hours, Fetch length in km and otherwise in S.I Unit.

2.2 Simplified Donelan and JONSWAP forms Wilson (1965)

Wilson (1965) developed parametric equations based on full Donelan and Jonswap spectrum forms ap-
proach to the simplified approach using equations (2.1), (2.2), (2.3) shown below.

Hy = 0.00178UVF,/g (2.1)

Where, H. is the significant wave height in meters, U is the design wind speed in meters per second, F is the
fetch length in meters, g is the acceleration due to gravity (9.81m/s%), and the wave period can be derived
using:

T, = 0.07118F03y %4 (2.2)

The relationship between Tp and T, is given as:
T, = 0.82T, (2.3)

Above forms are not considered boundary limitation of fetch and wind duration of which forms were small
fetch and wind duration such as lake or river.

2.3 The Donelan Spectral Forms (Donelan, 1980)

Donelan(1980) published a Donelan spectral forms which was Similarity theory applied to the forecasting
of wave heights, periods and directions. The forms were based on extensive measurements carried out in
Lake Ontario, Canada, in which the full wave energy, frequency and direction spectra were obtained as
shown in equations (2.4), (2.5), (2.6).

Tp(1.85g°'77U‘°'54) — F0.23 (24)
Hg; = 0.00366g 7062124038 (2.5)

T, = 0.871F%23/(1.85g%77U~05%) (2.6)
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Where, H. is the significant wave height in metres, U is the design wind speed in metres per second, F is the
fetch length in metres and g is gravity acceleration (9.81m /s%).

Above forms are not considered boundary limitation of fetch and wind duration of which forms were small
fetch and wind duration such as lake or river.

2.4 Revised Revised SPM Forms Based On Data of Schafer Lake (In 2005, 2007, And 2008)

This revised forms are based on data in Schafer Lake 2005, 2007, and 2008. Only the Shore Protection
Manual (SPM, 1984) method will be modified for use in small reservoirs were obtained as shown in equa-
tions (2.7), (2.8) and (2.9).

_ (Y4 2Y0.44
Hppo = (?) 0.0025(gF /U2) 2.7)
U
T, = (g) 0.4147(gF JU2)*?8 (2.8)
U, = 071032 2.9)

Minimum duration for the waves to be fetch-limited, the minimum duration, D, is shown in equation
(2.10)

0.28

D, (hr) = [(%) 108.2 (%) 1/3600 (2.10)

Where, F= Fetch Length (m), U, = Calculate wind stress factor(m/s)

In order to assume that the wave generation is boundary fetch limited, the wind must maintain a velocity
for a sufficient time period. Since the wave train travels at group wave speed, the minimum duration for the
waves to be fetch-limited can be approximated by integrating equation (2.8) over the fetch, which yields.

2.5 The SPM Forms (CERC 1977, U.S. Army, 1984)

In this method, significant wave height (Hg) and peak period (Tp) which is the period at the peak of the
wave energy density spectrum are associated with the wind speed, duration, and fetch length as shown in
equation (2.11) and (2.12).

(Hs, T,) = f(Us, F,D) @2.11)
Where, Uy is the wind stress factor (m/s) which is defined as:
U, = 0.71U%3 (2.12)

In the fetch limited case, for the hindcast of waves from wind, SPM forms suggested a parametric model
expressed as equation (2.13), (2.14), (2.15)

gHs _ gF 0.5
2% = 0.0016 (U_i) (2.13)

2
A

T _ gF\'/?
2 = 0.286 (u,%) (2.14)

A
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9Dmin _ gF /3
omin = 68.80 (Ui) (2.15)

Minimum duration for the waves to be fetch-limited, the minimum duration, D, is shown in equation
(2.16)

Dypin(hr) = [(%) 68.80 (%)2/3] /3600 (2.16)

Where, D, is minimum wind duration (s) and F is fetch length (m) which was computed as the effective
fetch length suggests to make use of the forms for the boundary fetch limited case. Duration of wind to be
replace Dy, by D in equation (2.16).

2.6 The CEM Forms (Kazeminezhad et al., 2005)

The CEM is Coastal Engineering Manual which is published from US Army Corps of Engineers. The Pa-
rameter unit of fetch length(F) in meters which was computed as the effective fetch length in this study. In
the fetch limited case, the hindcast equations for non-dimensional wave height and period are shown in
equation (2.15) and (2.16)

Hs _ F

£ =413%10 fo(fj—z) (2.15)
1

9Tp _ grys

2o = 0.651 (Uz) (2.16)

Where, U* is the friction velocity (m/s) estimated as shown in equation (2.17).

U, = Uy(Cp)°° (2.17)
Where, Cp is the drag coefficient which is defined as shown in equation (2.18)

Cp = 0.001(1.1 4+ 0.035U,) (2.18)

Minimum duration for the waves to be fetch-limited, the minimum duration, D, is shown in equation
(2.19)

FO.67

Dypin (hr) = 77.23(————-)/ 3600 (2.19)

0345033

In this equation, t is the wind duration (s). The equivalent fetch length estimated from this equation(2.19)
must then be substituted into equations (2.15), (2.16), (2.17) and (2.18) to obtain estimates of wave height
and wave peak periods.

2.7 SMB Forms(Sverdrup Munk and Bretschneider 1947,1954, 1970)

SMB form was developed by Sverdrup and Munk (1947) and improved by Bretschneider (1952). The
SMB method combines a simple energy growth concept with empirical calibrations using field data. The
wind of speed (U) blowing over fetch (F in meters) will produce the Hg and Tg values according to follow-
ing equation:

X =Ln (Z—i) (2.20)



Byoung-Yeol Choi, Hyo-Jae Jo, Kang-Ho Lee , and Dong-Ha Byoun 129
Journal of Advanced Research in Ocean Engineering 4(3) (2018) 124-134

Minimum duration for the waves to be boundary fetch limited, the minimum duration, D, is shown in
equation (2.21)

Dpin(hr) = 0.00183Exp(v0.0161X% — 0.3692X + 2.2024 + 0.8798X)  (2.21)

0.42
£% = 0.283tanh [0.0125 (i—i) ] (2.22)

0.42
2% = 0.283tanh [0.0125 (i—f) ] (2.23)

2.8 Revised Wilson forms wilson(1965) revisited by Goda(2003)

In this forms, the minimum duration for the full growth at a given boundary fetch length is approximately
calculated by equation (2.24).

D,in(hr) = (U/g)0.001194(gF J/U*)* 73 (2.24)
Where, U is the wind speed at 10 m above the sea surface (m/s), Dy, is in hour, and F is in meter which

was computed as the effective fetch length in this study. In the fetch limited condition, the significant wave
height (Hs) and period (Ts) are expressed as equation (2.25), (2.26).

_ Uio gF\'/3 s
T, = 8.6122 [1 - [1 +0.08 (u_fo) ] ](s) (2.25)
H, = 0.30 %2 1—[1+004(£)0'5]_2 226
.= 0304 0a(E)"| | (226)

The relationship between T, and T, is given as: T, = 0.9523T; in seconds, Hs is significant wave height
in m.

3. Interpretation Theory of Wave due to Model Test

This study use the results of model test performed by Nobuhiro Matsunaga (1996). Experiments were car-
ried out by using a water tank equipped with an inhalation-type wind tunnel. Figure 3.1 and Figure 3.2 show
a schematic diagram of the experimental apparatus. The tank was 32 m long, 0.6 m wide and 0.94 m high. A
sloping bed was attached to the end of the tank as a beach model. Its gradient was fixed at 1/30. The mean
water depth was 0.3m at the horizontal bed section. Wind waves were generated by the shoreward wind.
Measurements of the wind velocity, wave height and wind-induced current velocity were made at positions
1 to 5. The distance from the intake of the wind to Position 1 was 11m.

Fig 3.1 Experimental Apparatus
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Table 3.1 Experimental Parameters for Model Test of Nobuhiro Matsunaga (1996).

Byoung-Yeol Choi, Hyo-Jae Jo, Kang-Ho Lee , and Dong-Ha Byoun
Journal of Advanced Research in Ocean Engineering 4(3) (2018) 124-134

Model Test Result

Model Test Result with Scale-up factor

Fetch [\:‘i z;ttehr Um u10 Hs Tp Fetch 32 ;tgf Um u10 Hs Tp

(m) h (cm)’ (m/s) | (m/s) | (cm) (s) (Km) h (Cm)’ (m/s) | (m/s) (cm) (s)

11 30 109 | 3.111 | 0.467 110 30 10.9 196.308 3.884
13 30 104 | 3.437 | 0.467 130 30 104 216.831 3.884
15 25 7.6 104 | 3.719 | 0474 150 25 7.6 104 234.677 3.943
17 18.4 10.7 | 4.002 | 0.493 170 18.4 10.7 252.523 4.101
19 11.9 11.1 4.228 | 0.483 190 11.9 11.1 266.800 4.017
11 30.4 18.1 6.619 | 0.585 110 30.4 18.1 417.600 4.866
13 30.2 17.3 | 7.156 | 0.595 130 30.2 17.3 451.508 4.949
15 25.2 11.6 19.1 | 7.495 | 0.658 150 25.2 11.6 19.1 472.923 5.473
17 18.7 20.6 | 7.538 | 0.662 170 18.7 20.6 475.600 5.506
19 12.4 19.1 | 6.307 | 0.669 190 12.4 19.1 397.970 5.564
11 29.9 26.4 | 7.891 | 0.662 110 29.9 26.4 497.908 5.506
13 30.1 28 9.065 | 0.714 130 30.1 28 571.970 5.939
15 25.5 15.5 27.3 | 9.263 | 0.709 150 25.5 15.5 27.3 584.462 5.897
17 19.3 29.1 | 8.641 | 0.746 170 19.3 29.1 545.200 6.205
19 13.4 31.1 | 6435 | 0.775 190 134 31.1 406.000 6.446
11 28.5 29 8.556 | 0.699 110 28.5 29 539.847 5.814
13 30 34.8 | 9.037 | 0.719 130 30 34.8 570.185 5.980
15 25.6 18.9 369 | 9461 | 0.746 150 25.6 18.9 36.9 596.954 6.205
17 19.6 40.3 8.301 | 0.787 170 19.6 40.3 523.785 6.546
19 14 45.6 | 6.802 | 0.84 190 14 45.6 429.200 6.987
11 27.8 394 | 8910 | 0.719 110 27.8 39.4 562.154 5.980
13 28.1 433 | 9.178 | 0.741 130 28.1 43.3 579.108 6.163
15 24.1 21.8 429 | 9.772 | 0.794 150 24.1 21.8 42.9 616.585 6.604
17 18.2 45.1 | 8.146 | 0.794 170 18.2 45.1 513.970 6.604
19 13.5 459 | 5926 | 0.885 190 13.5 45.9 373.877 7.361

The intervals between the adjacent measuring positions were 2.0m. Positions 1 and 2 were in the horizon-
tal bed section and positions 3 to 5 on the sloping bed. The wind velocity was measured by using a propel-
ler-type current meter. In the wave height measurements, two capacitance-type wave gauges were used in
order to obtain the phase velocity. They were set 28 cm away. The wave signals were digitized at the inter-
vals of 1/50 s and 16,384 data were sampled. Horizontal and vertical components of the wind-induced cur-
rents were obtained by using an electromagnetic current meter. The sampling rate of the velocity signals was

1/20 s and the number of sampled data was 2,048.

0.94m

2.5m 11.0m 8.0m(2.0m@4 3.5m
[
\\iﬂ" § Pos1| 2
vV~ -
— t .3m
16.0m | 12.0m | 40m

bt il b
32.0m

Fig 3.2 Experimental Apparatus
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Table 3.1 shows the wind parameters and the wave ones. Five tests in all were carried out by varying the
wind velocity. The cross-sectionally averaged wind velocity U,, was varied from 7.60 m/s to 21.8 m/s. F is
the fetch and h the mean water depth. The mean wind velocity at a 10m height by Uj,. H is the mean wave
height. The periods of predominant waves are represented by Tp respectively.

In this study, a scale factor was used to replace the test result with the wind waves generated in the actual
environment. The Scale-up factor is shown in the following equations (3.1), (3.2). The fetch length of the
scale-up model test is 110 km to 190 Km for more accuracies results.

; 0.45
Wave Height Scale Factor = (“’;’;’S:i;‘;ff;;‘iﬁ”)) = 10,000%45 = 63.1 G.1)
. 0.23
Wave Peak Period Scale Factor = (Al;ilsl:iii;c:;;it(:?)) =10,000°%% = 8.3 (3.2)

4. Result and Discussion

The purpose of this study is not only to improve the problems of the conventional experiment forms which
calculate wave affected by wind but also to modify an experiment forms for efficient calculation. The con-
ventional forms have been revisited for some problems that the results can be quite different in the value of
Hs and Tp depending on which forms they are applied. As shown in Table 4.1, this study modified the factor
which was eliminated boundary fetch limit and wind duration time of the Simplified Donelan and Jonswap
forms(Wilson 1965), Donelan spectral forms(Donelan 1980), Revised SPM forms(Schafer Lake 2005, 2007,
2008), SPM forms(CERC 1977), the CEM forms(Kazeminezhad et al., 2005), SMB forms(Sverdrup Munk
and Bretschneider 1947,1954, 1970), and Revised Wilson forms(Wilson 1965, Goda 2003) based on the
Model test results of Nobuhiro Matsunaga (1996) without Jonswap spectral forms(Carter, 1982). This study
also proved the efficiency of the experiment forms by comparing the conventional experiment forms and the
modified experiment forms with the Nobuhiro Matsunaga model test (1996).

Table 4.1 Revisited Forms (Eliminated the boundary fetch limit and wind duration time)

Jonswap spectral forms
Same as (Carter, 1982)

Simplified Donelan / Jonswap

forms

Hy = 0.002042372U°5%°VF
N9

T, = 0.083608F %3y 0141

T, = 0.82T,

Donelan spectral forms
Hg = 0.012474g7062y0576 038
T, = 1.1877297U%*F023

/(g*"™")
T, = 0.871T,

Revised SPM forms

<U1.341

A gF
X 0.0059398(2)044
g ) Uz
U0.674 F
( A ) x 0.5823632(2)028
g Ua

mo

H,
Ty
SPM forms

1461
w=(5)
Y

0.781
gF
T, =2 >><0.2606032(—)1/3
P ( g Uz

gF
% 0.0024029()
UA

T, = 0.7775T,

CEM forms
U* = Uy04/(0.001(1.1 + 0.035U,,))

*1.45 gF
Hy = (=5 ) x 00120348 | G

0.778
¥ gF
T, = ( " ) X 0.3891678(U—3)1/3

SMB forms
1.31
Hg = ( g )0.8286806
X tanh[0.0125(gF
U2)042
0.536 /U]
Tp = ( z )5.91144n

X tanh[0.077(gF
/U2)0.25]

Revised Wilson forms
U1.287
H, = ( ) x 0.96816
g
X {1
_ [1
-2

+ 0.0041/(gF/U2)] }

U0.608
T, = < 5 >>< 17.8054

x {1
— [1+0.008(gF/U2)%/3]-5}

T, = T,/1.05
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Fig 4.1 Comparison Graph of conventional and Revisited for Hs Forms
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Fig 4.2a Conventional Experiment Forms compared Tp Graph Fig 4.2b Revisited Experiment forms compared Tp Graph
Fig 4.2 Comparison Graph of Conventional and Revisited for Tp Forms

Comparing the results of the conventional experiment forms and the model test, deviation for 74% of the
results of Hg and 51% of Tp occurred. Also, when we compared the results using the Revisited experiment
forms, the deviation for the results of Hg and Tp were 10.4% and 12.1%, respectively. In the deviation range,
the Revisited experiment forms are within the error range of 15%, which is closer to the model test than the
conventional experiment forms which is shown in Figure 4.3 and Figure 4.4.

As shown in Figures 4.1a and 4.2a, there is a large deviation between the conventional experiment forms.
Therefore, revisited experiment forms based on model test were derived. As a result, revisited experiment
forms were derived as shown in Figure 4.1b and 4.2b.

As shown in the above Figure 4.1 and Figure 4.2, the conventional experiment forms show a large devia-
tion error between Hg and Tp for each experiment forms, so it is confusing to decide which experiment
forms should be used when calculating the result. However, the Revisited experiment forms can yield more
efficient results because the deviation error between the experiment forms are within limit of deviation error.

In Figure 4.3 and Figure 4.4 below, the results of model test of performed by Nobuhiro Matsunaga (1996)
and Hs and Tp of conventional and revisited experiment forms are summarized in a graph. In the revisited
experiment forms, which is the closest to the mean value among forms model test results more than conven-
tional experiment forms. In this study, the section 3 equations (3.1) and (3.2) scale-up factor is applied to
correct the difference according to the scale of the model test and the experiment forms.

@ Model Test O Conventional Experiment Forms O Revisited Experiment forms
__1500.0
5
= 18.516x +333.48
) U o---'é o®
3 1000.0 O O
(]
B Q0o - E y =3.29x + 405.13
= Q)
£ 5000 o Q% W, ”\’,'
) ¢ Y =7.2976x + 249,53
%]

0.0
8 13 18 38 43 48

2é\lind Speed Ulo(%m/s
Fig 4.3 Wave Height(Hs) for Test and Theories
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The results of the wave height (Hg) comparison in Figure 4.3 are shown deviation between Model test and
conventional experiment form and revisited experiment forms. The deviation error between model test and
conventional experiment is around 74%, and deviation of revisited experiment forms is around 10.4%.
Therefore, the values of the revisited experiment forms were found to be closer to the actual experimental
data from the Nobuhiro Matsunaga model test.

15.00 @ Model Test O Conventional Experiment Forms & Revisited Experiment forms

g
2 )
3 =0.1852x + 3.334R .. O Q)
£ 1000 y E§ ..... O.w o)
a Q ..... O =

Qe y=0.0758x +3.517
§ ........ @@ .R....0 0 ¢ WY
& 5.00 @ AAAAA ‘@9 ,, ....... R vl s P e €
% y = 0.0329x + 4.0513
=

8 13 18 23 28 33 38 43 48
Wind Speed,U10(m/s)

Fig 4.4 Wave Period(Tp) for Test and Theories

The results of the wave peak period (Tp) comparison in Figure 4.4 are shown deviation between Model test
and conventional experiment form and revisited experiment forms. The deviation error between model test
and conventional experiment is around 51%, and deviation of revisited experiment forms is around 12.1%.
Therefore, the values of the revisited experiment forms were found to be closer to the actual experimental
data from the Nobuhiro Matsunaga model test.

5. Conclusions

This study presented the differences in the results of several experiment forms such as Jonswap, Donelan,
Revised SPM, SPM, CEM, SMB, Wilson and modified them based on the Model test to derive efficient
experiment forms that are not overestimated.

In addition, it was compared the Revisited experiment forms with the results of the Model Test performed
by Nobuhiro Matsunaga (1996), and verified whether they are more suitable for the actual situation.

Since the newly proposed experiment forms were based on the Model Test, the increase range of the wave
height and wave period compared with the wind speed was kept lower than the conventional experiment
forms, and it was confirmed that the results were similar to the increase range of the model test.

An engineer working in the area of interest in this study suggests that by using the revisited experiment
forms, it is possible to predict efficiently winds induced wave that are within limitation of deviation of 15%
when designing coastal structures and calculating wind waves through this study.
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