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A The Condeep gravity base structure (GBS) is a support structure held in place by 
gravity platforms are supported by the sea bed but not attached to the ground, the motion of them is 
known as a rocking fluctuation. Durin
large. In this study, using Ansys Aqwa hydrodynamic software and analytical methods with regard to the 
performance, the dynamic interaction of platform’s geometry on hydrodynamic forces have
simulated. The objective of this study was to analyze the hydrodynamic parameters of the sea and rocking 
fluctuations of gravity platforms under the impact of regular wave’s moment considering the soil 
mechanics and hydrodynamic features of the struc
hydrodynamic forces using numerical simulations and analytical methods for one column and Three 
hollow columns platforms were analyzed. Finally, responses of the platform to irregular waves were 
studied using numerical simulation. The results showed that with the increasing of the depth, the impact 
of wave’s force and moment on the base of platform are reduced through exponential relationship. The 
reductions are due to the effective depth that is equal to half the
response of the rocking motion of gravity platform shows significant changes in relation to height and 
wavelength. Based on the curves fitted to the data of the fluctuation angle, sustainability of the platform 
in the rocking motion can be thoroughly and completely investigated.
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1. INTRODUCTION   
 
The gravity base structure is an offshore concrete structure was based on a 
and one to four hollow columns (shafts), and thus had the advantage of a slim shape through the wave zone.
gravity-based structures (GBS)  are often constructed in 
are very desirable for construction. Prior to deployment, a 
ensure it can withstand the vertical load exerted on it by that structure. The gravity platforms are supported 
by the sea bed but not attached to the ground, the motion of them is known as a rocking fluctuation. During 
the fluctuations, the platform maybe overturned if the angle is large. In this study, using hydrodynamic 
software and analytical methods with regard to the performance, the dynamic interaction of platform’s 
geometry on hydrodynamic forces have been simulated. 
hydrodynamic parameters of the sea and rocking fluctuations of gravity platforms under the impact of regular 
wave’s moment considering the soil mechanics and hydrodynamic features of the structure. In order to
achieve the objective the hydrodynamic forces using numerical simulations and analytical methods [7] of 
Mac Cami[3] foch and Chakrabarty [6] for one column and Three hollow columns platforms were analyzed. 
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Abstract 

A The Condeep gravity base structure (GBS) is a support structure held in place by gravity. Given that the 
gravity platforms are supported by the sea bed but not attached to the ground, the motion of them is 
known as a rocking fluctuation. During the fluctuations, the platform maybe overturned if the angle is 
large. In this study, using Ansys Aqwa hydrodynamic software and analytical methods with regard to the 
performance, the dynamic interaction of platform’s geometry on hydrodynamic forces have
simulated. The objective of this study was to analyze the hydrodynamic parameters of the sea and rocking 
fluctuations of gravity platforms under the impact of regular wave’s moment considering the soil 
mechanics and hydrodynamic features of the structure. In order to achieve the objective the 
hydrodynamic forces using numerical simulations and analytical methods for one column and Three 
hollow columns platforms were analyzed. Finally, responses of the platform to irregular waves were 

erical simulation. The results showed that with the increasing of the depth, the impact 
of wave’s force and moment on the base of platform are reduced through exponential relationship. The 
reductions are due to the effective depth that is equal to half the wave length.The results suggest that the 
response of the rocking motion of gravity platform shows significant changes in relation to height and 
wavelength. Based on the curves fitted to the data of the fluctuation angle, sustainability of the platform 

cking motion can be thoroughly and completely investigated. 

platform , gravity-based structures, fluctuation, Ansys Aqwa ,JONSWAP

The gravity base structure is an offshore concrete structure was based on a cellular base with circular cells 
and one to four hollow columns (shafts), and thus had the advantage of a slim shape through the wave zone.

based structures (GBS)  are often constructed in fjords since their protected area and sufficient depth 
are very desirable for construction. Prior to deployment, a study of the seabed will have been done in order to 
ensure it can withstand the vertical load exerted on it by that structure. The gravity platforms are supported 
by the sea bed but not attached to the ground, the motion of them is known as a rocking fluctuation. During 

fluctuations, the platform maybe overturned if the angle is large. In this study, using hydrodynamic 
software and analytical methods with regard to the performance, the dynamic interaction of platform’s 
geometry on hydrodynamic forces have been simulated. The objective of this study was to analyze the 
hydrodynamic parameters of the sea and rocking fluctuations of gravity platforms under the impact of regular 
wave’s moment considering the soil mechanics and hydrodynamic features of the structure. In order to
achieve the objective the hydrodynamic forces using numerical simulations and analytical methods [7] of 
Mac Cami[3] foch and Chakrabarty [6] for one column and Three hollow columns platforms were analyzed. 
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. Given that the 
gravity platforms are supported by the sea bed but not attached to the ground, the motion of them is 

g the fluctuations, the platform maybe overturned if the angle is 
large. In this study, using Ansys Aqwa hydrodynamic software and analytical methods with regard to the 
performance, the dynamic interaction of platform’s geometry on hydrodynamic forces have been 
simulated. The objective of this study was to analyze the hydrodynamic parameters of the sea and rocking 
fluctuations of gravity platforms under the impact of regular wave’s moment considering the soil 

ture. In order to achieve the objective the 
hydrodynamic forces using numerical simulations and analytical methods for one column and Three 
hollow columns platforms were analyzed. Finally, responses of the platform to irregular waves were 

erical simulation. The results showed that with the increasing of the depth, the impact 
of wave’s force and moment on the base of platform are reduced through exponential relationship. The 

suggest that the 
response of the rocking motion of gravity platform shows significant changes in relation to height and 
wavelength. Based on the curves fitted to the data of the fluctuation angle, sustainability of the platform 
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cellular base with circular cells 
and one to four hollow columns (shafts), and thus had the advantage of a slim shape through the wave zone. 

since their protected area and sufficient depth 
will have been done in order to 

ensure it can withstand the vertical load exerted on it by that structure. The gravity platforms are supported 
by the sea bed but not attached to the ground, the motion of them is known as a rocking fluctuation. During 

fluctuations, the platform maybe overturned if the angle is large. In this study, using hydrodynamic 
software and analytical methods with regard to the performance, the dynamic interaction of platform’s 

The objective of this study was to analyze the 
hydrodynamic parameters of the sea and rocking fluctuations of gravity platforms under the impact of regular 
wave’s moment considering the soil mechanics and hydrodynamic features of the structure. In order to 
achieve the objective the hydrodynamic forces using numerical simulations and analytical methods [7] of 
Mac Cami[3] foch and Chakrabarty [6] for one column and Three hollow columns platforms were analyzed.  
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2. Methodology 

In this study, using Ansys Aqwa software, the equations of fluid flow including the equations of continuity 
and momentum were simulated regarding the non
of the sea bed on the depreciation of the rocking fluctuation of the construct
were considered for a gravity construct with wavelengths larger than the diameter of the structure using 
scattering theory around the structure. The study is based on the following assumptions and if other 
conditions are considered, mathematical relationships need to be 
regular waves, rigid gravity platform of one column and Three hollow columns
gravity platform is not attached to the soil [1] and wave
theory [2],[4],[5] for a regular wave. Since the geographical location of platforms is located in the North Sea 
according Figure(1), the environmental conditions and specifications of Concept definition and project 
organization are as follows:  

Figure 1

Geometry & Environmental modeling Property:

ρ � 1025 �� �	
 ,		� � 9.81� ��
  ,	��		� � 150�	, � � 8�, � � 100�) k � 2�� � 0.062	���, � � 2�� � 0.7853
1.2.   The governing equations

The design forces acting on offshore platforms are caused by the wind, sea currents, and waves, which exert 
great forces on the submerged parts of offshore platforms. Due to the waved
acceleration of fluid particles, forces act on the object body. When the object size is larger than the wave 
length, the wave shape completely changes after colliding with the object. In this case, Laplace's equation, 
which was obtained from the wave hydrodynamics discussion, should be 
along with the condition of lack of entrance of a flow into the object. This new condition creates diffracted 
waves, which also exert forces on the object similar to the main waves. The total forces acting on the object 
will be the resultant of these forces and forces exerted on the object by the main waves. To analyze the 
diffraction phenomenon and calculate the force acting on the platform abutments (with different geometries), 
analytical methods were employed and a summary 
acting on a circular abutment as well as Chakrabarti’s analytical solution for calculation of forces acting on 
several circular abutments was provided [8].
is considered as the total potential of incident waves 
Φ� � Φ !Φ	"																																							
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software, the equations of fluid flow including the equations of continuity 
and momentum were simulated regarding the non-compressibility by boundary element method. The effects 
of the sea bed on the depreciation of the rocking fluctuation of the construct and hydrodynamic properties 
were considered for a gravity construct with wavelengths larger than the diameter of the structure using 
scattering theory around the structure. The study is based on the following assumptions and if other 

ered, mathematical relationships need to be  corrected. Linear wave theory, harmonic 
regular waves, rigid gravity platform of one column and Three hollow columns.  bases are regarded. The 
gravity platform is not attached to the soil [1] and wave-induced force is obtained using Erie linear wave 
theory [2],[4],[5] for a regular wave. Since the geographical location of platforms is located in the North Sea 
according Figure(1), the environmental conditions and specifications of Concept definition and project 

 
Figure 1. A view of  the  one column platform  

 
Geometry & Environmental modeling Property: 
 � 6�	, 

7853	 #$%�� & 

governing equations 

The design forces acting on offshore platforms are caused by the wind, sea currents, and waves, which exert 
great forces on the submerged parts of offshore platforms. Due to the waved-induced velocity and 

, forces act on the object body. When the object size is larger than the wave 
length, the wave shape completely changes after colliding with the object. In this case, Laplace's equation, 
which was obtained from the wave hydrodynamics discussion, should be used as the governing equation 
along with the condition of lack of entrance of a flow into the object. This new condition creates diffracted 
waves, which also exert forces on the object similar to the main waves. The total forces acting on the object 

be the resultant of these forces and forces exerted on the object by the main waves. To analyze the 
diffraction phenomenon and calculate the force acting on the platform abutments (with different geometries), 
analytical methods were employed and a summary of McKemi’s analytical solution for calculation of forces 
acting on a circular abutment as well as Chakrabarti’s analytical solution for calculation of forces acting on 
several circular abutments was provided [8].In general, to investigate the total field’s potential scattering 
is considered as the total potential of incident waves Φ( and the potential of Scatter wave	Φ). 																																																																																																								

software, the equations of fluid flow including the equations of continuity 
compressibility by boundary element method. The effects 

and hydrodynamic properties 
were considered for a gravity construct with wavelengths larger than the diameter of the structure using 
scattering theory around the structure. The study is based on the following assumptions and if other 

corrected. Linear wave theory, harmonic 
bases are regarded. The 

rce is obtained using Erie linear wave 
theory [2],[4],[5] for a regular wave. Since the geographical location of platforms is located in the North Sea 
according Figure(1), the environmental conditions and specifications of Concept definition and project 

The design forces acting on offshore platforms are caused by the wind, sea currents, and waves, which exert 
induced velocity and 

, forces act on the object body. When the object size is larger than the wave 
length, the wave shape completely changes after colliding with the object. In this case, Laplace's equation, 

used as the governing equation 
along with the condition of lack of entrance of a flow into the object. This new condition creates diffracted 
waves, which also exert forces on the object similar to the main waves. The total forces acting on the object 

be the resultant of these forces and forces exerted on the object by the main waves. To analyze the 
diffraction phenomenon and calculate the force acting on the platform abutments (with different geometries), 

of McKemi’s analytical solution for calculation of forces 
acting on a circular abutment as well as Chakrabarti’s analytical solution for calculation of forces acting on 

s potential scattering Φ* 
.  													+1, 
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1.2.1.    Mc Kemi’s analytical solution:

For a Condeep gravity base structure (
McKemi’s analytical solution and numerical model

 

Φ � - cosh2�+� ! 3,4cosh+��, 56 7898:
8;�< =,																								

 

Φ" � - cosh �+� ! 3,cosh+��, 56 78>8�:
8;�< =,																								

 

>8 � < 9?8+�%,��8+�%,																																
 

Φ� � - cosh �+� ! 3,cosh+��, 56 78 @9?8
:

8;�< =,																								
 

Figure 2. Modeling in AQWA Gravity Base 

1.2.2.   Chakrabarti’s analytical solution:

For a Con deep gravity base structure (Three hollow columns platform) simplified 
performed for Chakrabarti’s analytical solution and numerical model  as Figure(3), according this:
 

Φ(A � igH2ω cosh2k+d ! z,4cosh+kd, e(IJKL MN)+
6 9O+�$P,Q ROSTU�TVWXYZ�[�\∞

O;�∞ 									
 

Φ(δ � igH2ω cosh2k+d ! z,4cosh+kd, 6 A^δ H∞

^;�∞
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Kemi’s analytical solution: 

For a Condeep gravity base structure (one column platform ) simplified calculations can be performed for 
and numerical model as Figure(2), according this: 

+�$, cos+�_,` cos+�a	
																																																																																																									
��8+�$, cos+�_,` cos+�a
																																																																																																									
																																																																																																									

@ 8+�$, < 9?8+�%,��8+�%, �8+�$,b cos+�_,` cos+�a
																																																																																																									

 
Modeling in AQWA Gravity Base Structure GBS for one column platform

Chakrabarti’s analytical solution:  

For a Con deep gravity base structure (Three hollow columns platform) simplified calculations can be 
performed for Chakrabarti’s analytical solution and numerical model  as Figure(3), according this:

+cdL�ce, 
																																																																																																									

H�̂+krδ,e(g^θδ�ω*h 																																																																											

m ) simplified calculations can be performed for 

													+2, 

														+3, 
														+4, 

													+5, 

Structure GBS for one column platform 

calculations can be 
performed for Chakrabarti’s analytical solution and numerical model  as Figure(3), according this: 

													+6, 
																+7, 
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Figure 3.  Modeling in AQWA Gravity Base 

3.   Analysis 

3.1.   The analysis of the hydrodynamic 
columns platform 

According to the analysis result of the  hydrodynamic force for one column platform  as Figure (4) to (6) , 
and  Three hollow columns  as Figure (7) to (9):

Figure 4. A view of the pressure caused b
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Modeling in AQWA Gravity Base  Structure GBS for Three hollow columns platform

 

The analysis of the hydrodynamic force for one column and  Three hollow 

According to the analysis result of the  hydrodynamic force for one column platform  as Figure (4) to (6) , 
and  Three hollow columns  as Figure (7) to (9): 

 
A view of the pressure caused by hydrodynamic forces in the Period 

 

Structure GBS for Three hollow columns platform 

force for one column and  Three hollow 

According to the analysis result of the  hydrodynamic force for one column platform  as Figure (4) to (6) , 
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Figure 5. A view of the pressure caused by hydrodynamic forces in the frequency domain

Figure 6. the Graph of maximum hydrodynamic force of wave based on k.D parameters for one column platform

Figure 7. A view of the pressure caused by hydrodynamic forces in the Period 
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A view of the pressure caused by hydrodynamic forces in the frequency domain

 
the Graph of maximum hydrodynamic force of wave based on k.D parameters for one column platform

 
A view of the pressure caused by hydrodynamic forces in the Period  

A view of the pressure caused by hydrodynamic forces in the frequency domain 

the Graph of maximum hydrodynamic force of wave based on k.D parameters for one column platform 
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Figure 8. A view of the pressure caused by hydrodynamic forces in the frequency domain

Figure 9. the Graph of maximum hydrodynamic force of wave based on k.D parameters 

According to the maximum amount of non
platform, the maximum and the minimum amounts of free water level happen in the moments of  t = T/2 and  
t = 0 and in the one column platform, the maximum and the minimum amounts of free water level happen in 
the moments of t =T/4. Also, the maximum and the minimum values, in the force curve are attributed to 
waves whose half the wavelength is a multiplication of the distance between t

3.2.   Changes of moment and response of structures to the height

To obtain the moment of wave, we have to accumulate the force in all parts of the platform (platform’s base 
that wave power is applied to it). 
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A view of the pressure caused by hydrodynamic forces in the frequency domain

the Graph of maximum hydrodynamic force of wave based on k.D parameters 
for Three hollow columns platform 

 
According to the maximum amount of non-dimensional hydrodynamics force in the Three hollow columns 
platform, the maximum and the minimum amounts of free water level happen in the moments of  t = T/2 and  

platform, the maximum and the minimum amounts of free water level happen in 
the moments of t =T/4. Also, the maximum and the minimum values, in the force curve are attributed to 
waves whose half the wavelength is a multiplication of the distance between the bases of the platform.

Changes of moment and response of structures to the height 

To obtain the moment of wave, we have to accumulate the force in all parts of the platform (platform’s base 

 

A view of the pressure caused by hydrodynamic forces in the frequency domain 

 

the Graph of maximum hydrodynamic force of wave based on k.D parameters  

dimensional hydrodynamics force in the Three hollow columns 
platform, the maximum and the minimum amounts of free water level happen in the moments of  t = T/2 and  

platform, the maximum and the minimum amounts of free water level happen in 
the moments of t =T/4. Also, the maximum and the minimum values, in the force curve are attributed to 

he bases of the platform. 

To obtain the moment of wave, we have to accumulate the force in all parts of the platform (platform’s base 
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Figure 10. The force changes of the incoming waves on the base of gravity platform
 from the water surface to any specified depth

Figure 11. Changes of wave moment on the bases of the gravity platform from the water surface

The  results according Figure (10) and (11), showed that with the increasing of the depth, the impact of 
wave’s force and moment on the base of platform are reduced through 
force and total moment are inclined to a fixe
equal to half  the wavelength; so that it reduces the amount of force and moment to a small amount. 
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The force changes of the incoming waves on the base of gravity platform
from the water surface to any specified depth 

 

Changes of wave moment on the bases of the gravity platform from the water surface
 to any specified depth of platform 

 
e  results according Figure (10) and (11), showed that with the increasing of the depth, the impact of 

wave’s force and moment on the base of platform are reduced through exponential relationship. The 

force and total moment are inclined to a fixed value. The reductions are due to the effective depth that is 
equal to half  the wavelength; so that it reduces the amount of force and moment to a small amount. 

 
The force changes of the incoming waves on the base of gravity platform  

 

Changes of wave moment on the bases of the gravity platform from the water surface 

e  results according Figure (10) and (11), showed that with the increasing of the depth, the impact of 
exponential relationship. The amount of 

d value. The reductions are due to the effective depth that is 
equal to half  the wavelength; so that it reduces the amount of force and moment to a small amount.  
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3.3.   Analysis of the effect of hydrodynamic wave parameters and structural 
response 

Analysis of the effect of hydrodynamic wave parameters and structural response of waves is of irregular and 
random nature, and analysis of related time histories for assessment of offshore structures is extremely 
important. The time history of waves demons
frequency content. In this approach, numerical methods for analyzing structural response to irregular waves 
using JONSWAP spectrum are examined, and effect of different wave parameters is st
hydrodynamic forces and response of a three

Figure 12. A view of interference of an irregular wave with a gravity platform over time

Figure 13. Changes in the diffraction force curve of the irregular wave in the X direction
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Analysis of the effect of hydrodynamic wave parameters and structural 

Analysis of the effect of hydrodynamic wave parameters and structural response of waves is of irregular and 
random nature, and analysis of related time histories for assessment of offshore structures is extremely 
important. The time history of waves demonstrates two substantial characteristics: the major wave height and 

In this approach, numerical methods for analyzing structural response to irregular waves 
using JONSWAP spectrum are examined, and effect of different wave parameters is st
hydrodynamic forces and response of a three-abutment gravity platform according Figure (12) to  (14). 

A view of interference of an irregular wave with a gravity platform over time
 

Changes in the diffraction force curve of the irregular wave in the X direction
 over time with different wave heights 

 

Analysis of the effect of hydrodynamic wave parameters and structural 

Analysis of the effect of hydrodynamic wave parameters and structural response of waves is of irregular and 
random nature, and analysis of related time histories for assessment of offshore structures is extremely 

trates two substantial characteristics: the major wave height and 
In this approach, numerical methods for analyzing structural response to irregular waves 

using JONSWAP spectrum are examined, and effect of different wave parameters is studied on 
abutment gravity platform according Figure (12) to  (14).  

 

A view of interference of an irregular wave with a gravity platform over time  

 

Changes in the diffraction force curve of the irregular wave in the X direction 
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Figure 14. Changes in the diffraction force curve of the irregular wave in the X direction 

Based on the curves fitted to the data of  the fluctuation angle, sustainability of the platform in the rocking 
motion can be thoroughly and completely investigated.
 
3.4.   The analysis of platform stability index

Finally, in order to analyze the stability 
of the platform was defined as the ratio of the overturning moment to restoring moment. Look at the 
following equation: 				uv � MN	kxθ																																											

Mo is the turnover moment and k x 
stiffness of soil and θ as the fluctuation range of the structure. 

Based on the figure (15) it is realized that the platform in a rocking fluctuation is w
limits. According to the analysis  result of platform stability for  Three hollow columns platform:

 

 
Figure 15. Structural changes of the frequency of the fluctuation angle
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Changes in the diffraction force curve of the irregular wave in the X direction 
over time with different wave lengths 

ed on the curves fitted to the data of  the fluctuation angle, sustainability of the platform in the rocking 
motion can be thoroughly and completely investigated. 

The analysis of platform stability index 

Finally, in order to analyze the stability of the platform across the range of wave changes, the stability index 
of the platform was defined as the ratio of the overturning moment to restoring moment. Look at the 

																																																																																																									
Mo is the turnover moment and k x θ is the restoring moment obtained through the multiplication of K 

 as the fluctuation range of the structure.  
Based on the figure (15) it is realized that the platform in a rocking fluctuation is w

limits. According to the analysis  result of platform stability for  Three hollow columns platform:

 
Figure 15. Structural changes of the frequency of the fluctuation angle 

 
Changes in the diffraction force curve of the irregular wave in the X direction  

ed on the curves fitted to the data of  the fluctuation angle, sustainability of the platform in the rocking 

of the platform across the range of wave changes, the stability index 
of the platform was defined as the ratio of the overturning moment to restoring moment. Look at the 

																+9, 
 is the restoring moment obtained through the multiplication of K 

Based on the figure (15) it is realized that the platform in a rocking fluctuation is within the safe 
limits. According to the analysis  result of platform stability for  Three hollow columns platform: 
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Finally, in order to analyze the stability of the platform across the range of wave changes, the stability 
index of the platform was defined as the ratio of the overturning moment to restoring moment. 

 
4.   Conclusion 

The results showed that with the incr
of platform are reduced through exponential relationship. The 

fixed value. The reductions are due to the effective depth that is equal
reduces the amount of force and moment to a small amount. 

 Based on the maximum amount of non
columns platform, the maximum and the minimum amounts of free water level
T/2 and  t = 0 and in the one column platform, the maximum and the minimum amounts of free water level 
happen in the moments of t =T/4. Also, the maximum and the minimum values, in the force curve are 
attributed to waves whose half the wavelength is a multiplication of the distance between the bases of the 
platform. The results also suggest that the response of the rocking motion of gravity platform shows 
significant changes in relation to height and wavelength. Based on the c
fluctuation angle, sustainability of the platform in the rocking motion can be thoroughly and completely 
investigated. Regarding the regular waves, different analytical methods in the different structural conditions 
had good agreement with numerical data. So we can use the numerical methods for analyzing the structural 
response to irregular waves in dealing with gravity platform.
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Finally, in order to analyze the stability of the platform across the range of wave changes, the stability 
index of the platform was defined as the ratio of the overturning moment to restoring moment. 

The results showed that with the increasing of the depth, the impact of wave’s force and moment on the base 
exponential relationship. The amount of force and total moment are inclined to a 

fixed value. The reductions are due to the effective depth that is equal to half the wavelength; so that it 
reduces the amount of force and moment to a small amount.  

Based on the maximum amount of non-dimensional hydrodynamics force in the Three hollow 
columns platform, the maximum and the minimum amounts of free water level happen in the moments of  t = 
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