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Abstract It is essential for all offshore structures analysis to estimate the forces generated by the wave and 
current by developing a program for modeling wave and current forces on offshore structural members. This 
study investigates the possibility of utilizing the relatively current technique of artificial neural networks (ANN) 
to predict the wave characteristics. Besides, the comparison of ANN models with the most two widely used 
empirical models included Bretschneider and Sverdrup-Munk and Bretschneider (SMB) equations showed a 
better performance for ANN models rather than empirical models. Furthermore, a developed program was 

studied for calibration and comparison purposes, where the program was checked against well-known 
professional software package called Structural Analysis Computer System (SACS). Airy wave theory (linear 
theory) has been implemented in the present study to calculate the water particles kinematics. Also, the 

Morison equation was used for converting the velocity and acceleration terms into resultant forces.  
Keywords: Neural networks, offshore structures analysis, Airy’s linear theory, SMB and Bretschneider 
equations, Morison equation 
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Introduction 
The protection of coastal environments is very 

important especially with more than 9,600 offshore 
fields worldwide. Offshore structures, such as 
platforms and wind Turbines are commonly 
adopted for such protection (Sadeghi, 2007). The 
major factor in coastal engineering design and 

analysis is a wave action which must be taken into 
account because much is known about wave 
mechanics when the wave height and period (or 
length) is known. Therefore, in last decades, the 
wind-wave models developed by numerical 
equations that based on empirical, simplified or 
parametric and numerical or elaborate methods as 
deterministic equations, these   equations have 
became essential for a prediction of wave 
characteristics. However, researches have 

consistently shown that wave’s generation by wind 

by using physical process is not yet fully 
understood which make them extremely complex 
and uncertain, also, the most advanced prediction 
need techniques which currently are not available 
in any laboratories because needs to highly 

advanced equipment, as well as the complexity of 
those models. 
Many investigations and works for more than five 
decades such as (Darbyshire & Draper, 1963; 
Donelan, 1980; Mitsuyasu et al., 1980; Sverdrup & 
Munk, 1947; Toba, 1978) found that, many of 
uncertainty and empirical problems within an 
approximate structural analysis can be solved 
successfully by an alternative possible 
methodology, the method is Artificial Neural 
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Networks (ANN) that can be defined 

as connectionist systems  which are computing 
systems inspired by the biological neural 
networks that constitute animal brains. 

Artificial Neural Networks (ANNs) 
ANNs is potentially useful in situations where the 
underlying physical process relationships are not 
fully understood and well-suited in modeling 
dynamic systems on a real-time basis. Also, ANN 
was originally introduced as simplified models of 
brain-function.  
In this study, ANN applied to the prediction of the 
wave characteristics in the deep water conditions. 

Hydrodynamic Forces  
The hydrodynamic forces that acts on platform legs 
requires knowledge of vector of stress which 
includes gradients of the velocity and dynamic 
pressure. The wave forces on a vertical pipe were 

shown as illustrated in Figure 9: 

 
Fig. 1: Hydrodynamic forces parameters on 

platform legs due to waves (Sadeghi, 
2007) 

Methodology 
To ensure the accurate prediction of a wave’s 
characteristics by using artificial neural network 
(ANN) model which need to establish a reliable 
database. Accordingly, database was established 
by using numerical simulation of wave’s 
characteristics and downtime done by authors, 
which were acceptable as an engineering 
application with correlation coefficient (R²) by over 
80%. From the prediction of wave’s characteristics 

it can develop a program for modeling wave and 
current forces on a vertical and inclined cylinder 
offshore structural member. The predictions of 
wave characteristics based on equations as 
following: 

S.M.B formulas 
For deep-water conditions (Kabir, 2008): 
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Bretschneider formulas 
For deep-water conditions: 
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The graph that used to selecting the validity wave 
theory to yield the information on the wave motion 
in different waterdepths and for various 
environmental conditions is given in Figure  2. 
Airy’s linear theory provides an expression for 
vertical and horizontal velocity particle of water at 
place (x, y) and time (Sadeghi, 2007): 

u =
H

2
 
cosh ky

sinh kd
cos(kx − t) 

v =
H

2
 
sinh ky

sinh kd
 sin (kx − t) 

A spreadsheet has been developed to calculate 
manually the wake kinematics and the 
corresponding fluid forces, through Morison 
equation, for a cylinder which is considered to be 
in the vertical position.  
The Morison formula is written below (Sadeghi, 
2001):  

f =
1

2
ρCDD ∣ u ∣ u +  ρCI 

πD2

4
ax 

Study Area 
The Caspian Sea was selected as study area for this 
study as seen in Figure (3); the Caspian Sea is the 
largest enclosed basin in the world. As a result, 
important economic activities in the Caspian Sea, 
such as rich resources of oil and gas and the 
potential of transportation between Asia and 
Europe have made this sea vital. 

Model Development 
ANNs, can be defined as simplified models that 
established by layers which are consisting of a 
number of neurons, among the layers being 

interrelated by identical weights sets. The 
information that given in the form of initial input 
goes through the input layer as neurons, from 
which the different transfer functions are used to 
obtain the outputs.  
The transfer functions that adopted in this study 
are expressed as: 

a) Log-sigmoid transfer functions 

𝑓(𝑥) =  𝑙𝑜𝑔𝑠𝑖𝑔(𝑛) =
1

1 + 𝑒−𝑛 

b) Tan-sigmoid transfer function   

𝑓(𝑥) = 𝑡𝑎𝑛𝑠𝑖𝑔(𝑛) =
2

1 + 𝑒−2𝑛
− 1 
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Fig. 2: Validity of wave theories graph (Sadeghi, 

2007) 

 

 
Fig. 3: Caspian Sea and the location of khazar 

buoy (Alhodairy, 2017) 

 

In addition, neural network helps to model inputs 
in random environment to predict accurate output, 
besides; ANN application does not need to complex 
physical process as a precondition, which makes it 
applicable in various areas in yet to be proved 
(Alhodairy, 2017). The preliminary statistical 
analysis was the basis for formulating five 
predictions with more than 2300 inputs data. The 
cases differ from each other with regard to 
parameters for each of traditional wave prediction 
methods that practically based on S.M.B. and 
Bretschneider equations. Five different models 
were investigated. The models are labelled in Table 
(1): 

Network Modeling 
In this study, wave and wind characteristics were 
selected for training and testing of the networks. 
To evaluate the model performance,  
Correlation Coefficient (R²) method was used. The 
parameters are defined as follows: 

R² =
∑(Lo − Lo′)(Lt − Lt′)

∑(Lo − Lo′)² ∑(Lt − Lt′)²
 

Lo represents the wave height or wave period from 
observed data divided by number of the wave 
height; Lt represents the wave height from 
numerical model from the ANN model divided by 
number of the wave height. 

 
Fig. 4: Scatter diagrams for one of the study cases 
For the study purpose, a feed forward-

backpropagation network that contains different 
transfer functions (log and tan-sigmoid) as well as 
one hidden layer consisting of limited range of 
neurons was used. The training algorithm that 
adopted and implemented was the resilient 
backpropagation (trainrp) whit maximum epochs 
number in each simulation was used which is 
equal 1000; the ANN models were established 

within a MATLAB environment. 
 

Table 1: Description of the modelled cases 

Models 

Parameters 

Average wind speed 

(U10) 
Fetch Length Depth 

Wind 

Duration 

Corrected Wind 

Speed 

(M 1.1)      

(M 1.2)      

(M 2.1.1)      

(M 2.1.2)      

(M 2.2)      

Results and Discussion 
These results are the most successful results 
among the ANN model tests conducted using these 

different parameters. The overall prediction for 
wave characteristics agree with observed data 
where the correlation of the ANN model and the 
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wave characteristics height and period was 

approximately over 95%, which made this study 
acceptable for an engineering application. The five 
models are explained in short as following: 

1) Model (1.1) 
The results of this model shown in figure (5) shows 
that the use of 10 neurons layers gave best 
correlation and corresponding to three times 
training try improved the correlation coefficient of 
predict. Some changed was done in training 
parameters to improve the model performance. The 
best result is Case 1 with 97.7% (R²). 
 

 
Fig.5: Network performance of (M 1.1) network 

according to no. of hidden neurons 
 

2) Model (M 1.2) 
A Clear disparity in predictions performance 
among all cases. As shown in Figure (6), the 
predictions of wave characteristics, using the ANN 
model (M 1.2), agree with the observed data. The 
results included two cases lower than 95%, but  
with changed in training parameters, (e.g. Initial 
weight) shows sufficient improvement in 
comparison with the previous results in case 6, 
where the result increase to  0.954 to 0.968. 
 

 
Fig.6: Network performance of (M 1.2) network 

according to no. of hidden neurons 
 

3) Model (M 2.1.1) 
The results that shown in figure (7) of the average 
prediction of wave characteristics using the ANN 
model (M 2.1.1) agree with the wave observed data 
with average correlation of the ANN model and the 
observed data more than 97%. The best result as 
shown in figure (7), which is demonstrated by (Case 
5 (I.W. = 0.09)) with (R² = 97.64%).  

 
Fig.7: Network performance of (M2.1.1) network 
according to no. of hidden neurons 
 

4) (M 2.1.2) 
The overall best performance model was obtained 
with this model were relatively good with an even 
less number of nodes in both hidden and input 

layer(s) processing training with 97.91% (R²). The 
rest of test results are shown in Figure (8). 
 

 
Fig.8: Network performance of (M2.1.2) network 
according to no. of hidden neurons 
 

5) (M 2.2) 
The results clearly indicate that the average of 
correlation coefficient is better than the previous 
ANN models, such as in model (M 1.1) and Case (M 
2.1.1) where the R² is greater than 97% in almost 
two-thirds of model cases as seen in Figure (9). 
 

 
Fig.9: Network performance of (M 2.2) network 
zaccording to no. of hidden neurons 
 

Wave loads 
A spreadsheet has been developed to calculate 

manually the wave kinematics and the 
corresponding fluid forces, for a cylinder which is 
considered to be in the vertical position through 
Morison equation. The distributed wave force 
acting on that cylinder arising from the present 
study to calibrate and compare to the results of the 
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SACS program as shown in Figure (10). The wave 

parameters and cylinder details used in both of 
numerical examples are presented in Table 2. 

Table 2: the wave parameters and cylinder 
details 

Parameters Value 

Wave period (Sec.) 9.3 
Gravity (m

s⁄ )2 9.81 
Depth (m) 22.8 

Wave height (m) 10.67 
Diameter (m) 1.22 

Density  (
kg

m3⁄ ) 1030 

Kinematic viscosity( 𝑚
2

𝑠⁄ ) 1.17E-06 

 

Conclusion 
In this study, ANN was used for predicting the 
significant wave height and period values at buoy 
location in the south of the Caspian Sea.  
A comparison of the various ANN models with 
prediction methods of wave height and period are 
established by equations of S.M.B. 

 
Fig.10: Predict wave characteristics using model (M 2.2) to H and T predicting. 

 

 
Fig.11: Comparison of total force from the maximum recorded wave data with the maximum of 

those predicted by Bretschneider equations and ANN. 
 

(Sverdrup-Munk-Bretschneider) and there was a 
improvement in this study that reached to 96.73, 
95.71 and 96.06 % better for ANN models (2.2), 
(2.1.1) and (1.1), respectively, in case to compared 

with the traditional numerical modeling as seen in 
Figure (10). 
Moreover, the results of total forces were more 
accurate when the ANN wave parameters outputs 
employed within the Morison equations and gave 
closer results to these from recorded date as seen 
in Figure (11). 
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