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Abstract—This paper focuses on two main matters. The first deals with the risks have been found in the dynamic analysis of offshore 
structures while the second is related to the proposed solutions of these risks. The main reasons of these risks are usually resulted from 
the simplifications of the domain of the whole problem (fluid-structure-soil) into subdomains (fluid-structures and structure-soil) so that 
these risks can be classified into three categories which are the loads estimation methods, the structural behavior assumptions, and the 
type of soil molding. The proposed solutions involve conservative method in load estimation, the investigation of imperfection of 
constructed structure, and the selecting accurate method for molding the soil condition including the seabed state and gap formation effect.   

Index Terms— American Petroleum Institute API, Deterministic method, Offshore jacket, Reese solution, Pile response, Soil gap 
formation, Spectral method, Wave load, Winkler method.  

——————————      —————————— 

1 INTRODUCTION                                                                     
he Offshore structures are structures that are built away from 
shore line and they primary related to the offshore exploration 
of oil and gas industry. They are responsibly considered as a 

modern marine structures compared with the onshore structures in 
which the first offshore industry structures is commonly considered 
as in 1947 in the Gulf of Mexico. Also, offshore structures may be 
defined by their two interdependent parameters, namely their func-
tion and configuration [1]. To date, there are more than 20,000 off-
shore platforms of various kinds installed around the world [2]. 
There is a rapid increase in the growth of offshore structures 
during last few decades due to many factors particularly in the 
different industrial developments like progressive in patrol 
and gas industry (oil exploration, production, processing, sto-
rage, and transportation). Recent advancements in construc-
tion materials, innovative structural forms, and methods of 
modeling and analysis make the understanding of the subject 
more broad-based.  
These structures are different with the ordinary structures by 
many aspects such as the functions of the structures, the na-
ture of applied load to resisted it, the analysis and design me-
thods, the procedures of construction, the maintenance prob-
lems, and cost estimation of variety correlated operations of 
these structures, etc… so that the story of different risks asso-
ciated with offshore structures are continuously increasing 
and stay with the time.  

These different risks of offshore structures can be classified 
into the following categories [3],[4],[5],[6]: 

1-Risks of constructions. 
2-Risks of the analysis. 
3-Risks of design. 
4-Risks of economy. 

The jacket, the term jacket structure has evolved from the con-
cept of providing an enclosure (jacket) for the well conductors, 
or template structures are still the most common offshore struc-
tures used for drilling and production. Fixed platforms are 
known as template structures, and they consist of the following 
[2]: 

A jacket or tower is a welded space frame designed to facili-
tate pile driving. 

Piles permanently anchored to the seabed to resist the lateral 
and vertical loads. 

A superstructure consisting of the deck to support operational. 
 A sample of offshore structure designs are shown in figure 1.1 
[7]. 

 

  

 

 

 

 

2 RISKS OF CONSTRUCTIONS 
Three primary risks have been generated in the construction 
stage starting from the erection process to transporting and 
ending at the installation. In erection process, the different 
structures members are assembled and welded together to 
form the subassembly or main structure parts, then these parts 
are moved and to construct the structure. To overcome the 
risks in this process, first, it is recommended that and welding 
is at the ground level or undercover, second care should be 
exercised to ensure that no members or joints within the sub-
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 Figure 1.1:  Sample of offshore structure dsigns 
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assemblies are overstressed or distorted and the tolerances 
should be checked at each stage in accordance with the fabri-
cation procedures, and in the final a structural analysis should 
be performed to check the structure members’ stresses during 
the erection process. 
In transporting process, all the activity shall be done on speci-
fied procedure from the lifting of the tower in fabrication yard 
and positioning to barge until setting in the sea. The check of 
lifting, loadout, and lunching forces that generated in this 
process must be investigated and the probable accident must 
be avoided and if occurred then re analyzed shall be made to 
decide the correct solution [8].  
The beginning of the installation process start from lifting pile 
from the barge deck and ended at the complete pile hammer-
ing and welding topside part with the tower part. 
The main risks of this process is buckling failure during instal-
lation and correct putting the piles and tower in place condi-
tions which may be resulted from unreliable hammer type's 
selections, and bad weathering [9]. 
  

3 RISKS OF ANALYSIS 
There are many methods of modeling and analysis of offshore 
structures which are highly complex, consequently, some de-
gree of uncertainties are always associated with modeling and 
analyses methods. 
These complications are caused by the complex domain of 
offshore structures which consist of many engineering systems 
such as the fluid part (including air and water), structure part, 
foundation- soil modeling that produce many risks and prob-
lems in the analysis stage such as the nature and definition of 
applied loads, the structural behavior of different offshore 
components, the support condition, and method of analysis.  
The uncertainty of estimating applied loads represent main problem 
in the design of offshore structures. The applied loads on offshore 
structures involve the dead weight of offshore and its activity, the 
environmental loads of dynamic nature (wind, wave, ice, flow slide, 
current, seaquake, and earthquake), live loads (operation equipment 
and machines, and ship berthing and mooring). Additional loads are 
included such as the construction loads (the fabrication and installa-
tion loads which contain lifting, load out, transportation, launching, 
upending, and the accidental forces). All above loads are classified 
into static and dynamic types which may be taken the transient or 
repeat nature either one or two patterns.  

 

3.1 Wave Loads 
Wave load is considered the primary a part of the environ-
mental loads in which is approximately representing 90 per-
cent of these loads [2]. The waves are generally random in 
nature although in the ultimate load design method uses the 
deterministic methods [2,8,10]. The main problem related to 
the wave load is the method used to simulate the wave beha-
vior because many wave theories had been developed from 
the past two centuries that are applied for deep, intermediate, 
and shallows water depth. Also, another problem of the wave 
load is the defined values of the main wave characteristics 
(wave height, wave length, wave duration, water depth, and 
wave direction) which are considered in the analysis. No 

unique solution is found for this problem although some rec-
ommendations are available as given by American Petroleum 
Institute API APIRP2A [10]. For example, the Stokes’ theories 
are recommended for the deep and partially intermediate wa-
ter and Conidal and solitary wave for shallow state. The fol-
lowing procedure is suggested by many references 
[7],[8],[9],[10],[11], and it used as criteria for the validation of 
wave theory used in the analysis: The limits for Ursell number 

RU  is used to as follows: 
The cnoidal theory is applicable for RU  > 25,  
Theory of Stokes is applicable for RU  < 10, and 
Both theories are applied equally well for 10 < RU < 25,  
In which Ursell number RU is estimated as:  

32 / dHLU R =                                                                            (1) 
where H= wave height, L= wave length, and d= water depth. 
The maximum wave height depends on the location of off-
shore structure and reference [8] gives the maximum wind 
speed and maximum wave height for different locations in the 
world. Other wave parameters shall be investigated in the 
analysis by taking all the possible probabilities values so that 
the worse results will control the analysis.  
But the problem is not completely solved because there are 
three different types of forces are exerted by water waves 
which are known as the normal force, the lift or lateral force, 
and the axial force and these forces values depend on the drag, 
inertia, lifting, and roughness coefficients which have a rea-
sonable variations in their magnitude by many references and 
researchers so that many values may be resulted noting that 
the axial force is of minor importance and in many references 
this is not taken into account in the analysis while the first two 
kinds shall be extended to three dimensional analyses. 

 

3.2 Soil Modeling   
Pile foundations are frequently used for supporting offshore 
and onshore structures. Two possible risks may be produced 
when dealing with pile foundations. The first associated with 
the modeling method of soil response since through the past, 
many methods had been established to find an accurate solu-
tion using either the analytical, numerical, and experimental 
methods or procedures noting that the behavior of laterally 
loaded pile is a non-linear that different from the axially 
loaded pile which is frequently approximated to act as the 
bilinear (elastic-plastic) behavior. The second problem related 
to the establishing of the remote soil boundaries where the soil 
deformations in the static analysis (in other hand both defor-
mation and velocity in dynamic analysis) are approximately 
become very small and reach zero value. Many recommended 
values are given but the difference between them is large as 
depicted in the references [12],[13] making selecting the accu-
rate value so tedious and dangerous. 

 

2.3 Soil Gap Formation 
This problem must be distinguished from the secure formation 
due to the sea waves and currents. The gap formation is a 
phenomena which occurred around the pile head at the 
seabed location and this gap is created during the pile move-
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ments as a result of applied cyclic loads which leads to devel-
oped two state of stresses, the first is compressive stress in 
front of pile and second is tension in stress behind pile and 
when the soil cannot resist this tension stress which leads to a 
gap formation occurs around the pile as the soil was displaced 
by its entry as depicted in figure 2.1 [5],[12].  This gap is ex-
tended to a depth, measured from ground level, ranging from 
3 to 8 pile diameters according to the various references 
[5],[14],[15]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

3.4 Analysis Method 
Each method of analysis for offshore structures is based on a 
number of assumptions which generally account for the inhe-
rent uncertainties [2]. For these structures, two nonlinearities 
effect have been aroused when dealing with both the fluid 
structure interaction and the soil structure (pile) interaction. 
All the related studies and researches make the separation of 
the problem domain into two primary types well-known 
namely the fluid-structure interaction and the soil-structures 
interaction [16]. For this purpose, the following procedure is 
adopted by different researchers [16],[17],[18]: 
The analysis is carried out into two stages. In the first, the 
analysis is done for fluid passing structure considering the 
structure is fixed at their support nodes, a small distance be-
low seabed level to allow for scour effect, and the reaction 
forces are determined, after that these reactions are used in the 
soil structure interaction.  The free and forced vibration analy-
sis scheme for both interaction types are used in the similar 
manner.  
But another problem is developed about the efficient method 
of modeling both interaction types. The answer of this prob-
lem is gone into two different analysis procedures which well 
known as the deterministic approach in which all necessary 
parameters of the analysis can be uniquely determined while 
the second is the stochastic approach for which the statistical 
characteristics are calculated to be used further in the deter-
mination of structural behaviors in probabilistic pattern [2],[8]. 
Many references [2],[10],[16],[17],[19] use the deterministic 
procedure for ultimate load design method as existing of the 
extreme wave loading and berth loading while the stochastic 
approach  is used to investigated and checked the fatigue and 

cracks the at joints of offshore structures for loads such as the 
earthquakes and sea waves which occur in arbitrary fashions. 

4 RISKS OF DESIGN 
In dealing with the design of marine structures many uncer-
tainties are unavoidable. Uncertainties are broadly classified 
into two types: (i) those associated with normal randomness 
and (ii) those associated with erroneous predictions and esti-
mations of reality different degrees of simplifications are made 
in the reliability estimates of marine structures [20]. Two basic 
risks may be happened in the design stage, the first associate 
with the material properties estimation such as the modulus of 
elasticity of concrete, steel, and soil under different loading 
conditions while the second with the fracture phenomena in 
the steel members and joints due to the fatigue or shape effect 
of steel member.  
But the fatigue damage represent the main problems in the 
offshore structures which occurs in two main stages as being 
crack initiation and crack growth including propagation of 
one dominant crack and the final fracture [19],[20],[21],[22]. 
For example, “API [10] says: A detailed fatigue analysis should 
be performed for all structures and the recommendation is 
given for a spectral analysis technique to be used”. One of im-
portant source of cracks in offshore structures is the metal mi-
cro cracks which are formed at the weld toe during welded 
fabrication stage as a result of weld cooling. To carry out the 
assessment of cumulative fatigue damage, a several factors 
must be well established which include the environmental 
conditions, hydrodynamic loading, structural modeling. soil-
structure interaction modeling, procedure for determining the 
stress response, stress concentration factors, the stress cycles 
experienced and their stress range, and fatigue damage rule 
[21],[22] noting that the long-term variations of local stress are 
generally caused by environmental loads, predominantly by 
waves and wind directions loads. 
There are three important methods of fatigue assessment 
which are (i) the simplified method, (ii) the spectral method, 
and (iii) the deterministic method. Common design approach 
is to use S–N curves with stochastic methods while determi-
nistic method is less common in practice [19]. In addition, is to 
be noted that the specified S–N curve used in the hot spot ap-
proach will not account for local geometric changes. Therefore, 
it is necessary to perform a detailed structural analysis to de-
termine explicitly the stress concentrations due to such 
changes.  
 

5 RISKS OF ECONOMY 
Each stage of offshore structure life is an expensive due to the de-
mand and needing of the special material, jobs, employers, equip-
ment, and tools. Therefore, any saving in any part of these stages 
represents an economic goal and target. The main objective of any 
project is to satisfy their function with adequate degree of safety 
otherwise one error is occurs that is the loss in their function or the 
loss in money. For example, the driven pile into the soil represent the 
most expensive stage compared with other stages knowing that the 

 
Figure 2.1:  Sketch of gap formation under lateral load 

3 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 7, July-2017                                                                                           153 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org  

embedded pile depth into the soil must be satisfactory to transform 
the loading to the soil but if this depth is larger as required a signifi-
cant loss in money well be happened so that who well choose this 
depth and what is the criteria to modify this decision. This problem is 
well stated in the case study in the following paragraphs.  

 

6 CASE STUDY 
In order to investigate the effect of the most possible risks which are 
mentioned in the past paragraphs a real offshore structure shall be 
selected so that the dolphin of khor Al-Amaya berth no. 8 which 
shown in figure 6.1 is taken as case study for the following reasons. 
The first because this structure is a real structure with optimal di-
mensions and components, and the second associated with many 
researchers who used this structure with different formulations [17],[ 
23]. Finally, this structure has two pile types that are vertical and 
battered piles because the foundation consist of 8 piles with a differ-
ent piles orientations vertical and batter one and two directions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.1 Wave Loads 

6.1.1 Wave Theory Type 
Table 1 shows the variation of maximum deck deflection and maxi-
mum base axial force (noting that the maximum shear force and 
maximum bending moment have similar trend to axial force there-
fore their results are not given here) with wave length using Airy, 
Stoke, and Cnoidal wave theory noting that Ursell number is used as 
a criteria or a constraint in applying different wave theories. From 
tables 6.1, it is found that the increase in wave length causes increase 
in the structural response until wave length is equal to 900 m (Ursell 
number=892), after that no increase is appeared for Cnoidal theory. 
The reason for these results can be explained as follows: 
For large Ursell number the wave profile is reaching to the profile of 
solitary wave as wave parameter m approaching one. Also, this table 
display clearly that the Airy theory is not suitable to be used in the 
analysis for shallow water and their results have a great difference 
with respect to Cnoidal theory. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

6.1.2 Wave Direction Effect 
Figure 6.2 displays the effects of wave direction on the maximum 

 

Table 6.1: The variation of maximum deck deflection (mm) with 
wave length using various methods of analysis and wave theo-
ries 

 
SMN: Static method using Morison equation including in normal hydrody-
namic forces only. 

SMT: Static method using Morison equation including both in normal and 
lift hydrodynamic forces. 

SSN: Static method using Sarpkaya equation including only in normal hy-
drodynamic forces. 

SST: Static method using Sarpkaya equation including both in normal and 
lift hydrodynamic forces. 

 

 

 
Figure 6.1.a: Top view  

 

 
Figure 6.1.b: Front and side view 

 
Figure 6.1: Structural details of the dolphin of khor Al-Amaya 

 berth no. 8 
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deck displacement where these results represent the maximum ef-
fects based on SST method for wave length equals 900 m and using 
Cnoidal theory. In this figure, the wave direction value is taken from 
zero to 360º to cover all possible probability that may be caused the 
worse effect. It is seen from figure 6.2 that the direction of wave has 
considerable effects that are mainly depending on the geometry 
layout of the analyzed structure and type of method of analysis. For 
the structure analyzed here, the results show the main effects of wave 
direction occurred in the direction of ship berthing that represent the 
critical case in the analysis. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

6.2 Soil Modeling 
The same structure had been analyzed for the impact ship load using 
three berthing velocities by two soil finite element method modeling. 
In first case, the modeling of soil was done by introducing a nonli-
near springs (Winkler method) along pile length [17] while in the 
second method the three dimensional interface element was devel-
opment to simulate the pile-soil interaction [6]. In both method the 
(p-y), (t-z), and (q-z) curves are used to derivative the nonlinear soil 
reaction moduli [10]. 
Table 6.2 shows the main item from two methods such that: 
1-Increasing soil strength causes decreasing the maximum structural 
response for clay soils and sand soils because of increasing the do-
main stiffness.  
2-It is noted that the loading time of velocity one has a small effect 
on maximum deck displacement in which DAF value is equal to 
13%  associated to stiff clay. This effect may be explained due to 
large contact time that reduced dynamic response as indicated by the 
previous method. For zero contact time that represents the worst case 
which may be happened in real world, the response increased by 
different amount according to deck displacement and base reactions. 
3-Interface formulation is more response than Winkler method by a 
responsible amount. As example for stiff clay, the maximum struc-
ture deflection increase by 49% for zero contact time and 79 % for 
static (50 sec). The other items have the similar trend. 
Also, table 6.3 shows the maximum deflection and critical length, 
length from seabed corresponding to first zero pile deflection, for 
clayey soils using elastic [24], interface [6], and Reese solution [25]. 

This result can be explained from the stiffness of elastic model is 
greater than the other models. 
 
Table 6.2: The effect of loading time on structural response for dif-
ferent soil types using different problem formulation  

 
 
 

 
 
 
 
 
 

Table 6.3: The Pile Maximum Deflection and Critical length for Dif-
ferent Clayey Soils Using Elastic, Interface, and Reese solution  

 
 
 

 
 

 

6.3 Soil Gap Formation 
Gap or partially losing pile – soil contact effect is clearly noticing in 
table 6.4. Since the applied load is transmitted to soil via the pie 
foundation even the gap formation is existed or not but the effect is 
the how the pile forces variation. Also in table 6.4, it is obvious the 
gap occurred increases the bending moment approximately twice 
than without gap aroused and a similar behavior is seen for the axial 
force with less ration but the shear force has a different story. The 
reason for this result is so simple because the gap effect makes the 
foundation more flexible leading to increase the pie response and for 
the shear forces this gap make another effect which is the redistribu-
tion of forces between the piles foundation. Therefore, it is strongly 
recommended to make protection work at sea bed to eliminating this 
problem.  
 
Table 6.4: The effect of gap formation around the pile head on the 
maximum pile responses  
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Figure 6.2: The variation of maximum deck deflection with wave 
direction based on SST method for wave length 900 m by Cnoidal 
theory. 
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6.4 Risk of Economy 
Broadly speaking, the pile foundation represents the major construc-
tion problem for fixed offshore structures and as mentioned in the 
related paragraph any reduction of the pile length based on an engi-
neering approach mean an economic golden goal for any company or 
contractor. The structures of case study here was built in last century 
before many techniques had been found such as the finite element 
method, the interface method and a similar methods and as seen in 
table 4 the critical pile length which play an important factor in the 
design of pile for lateral load equal for worst cases to half of con-
structed pile length (60.0 m) which mean high over design value. By 
using the available techniques today, the design of offshore pile 
foundation is become so economic without an unexpected risk. 
 

7 CONCLUSIONS 
From previous results, the following conclusions can be with drawn: 
1- By using Cnoidal theory, the wave length plays an important fac-
tor on increasing the structure response by a large amount until Ur-
sell number approximately approaching to 1000, after that the wave 
behavior is converted to the solitary type and no changes in the struc-
ture response are noted or occurred. 
2- The time of load raising has an important effects on the structural 
response for both the Winkler and interface method but the results of 
first method are more sensitive (increased by 83%) than the second 
method (increased by 54%). 
3-The Winkler method based on (p-y), and (t-z) curves displays a 
lower structural response by a reasonable amount compared (more 
than 80%) with the interface method using the same curves. 
4- The wave direction is an important property which has a great 
influence on structural behavior. 
5- Gap formation causes to increase the pile bending moment twice 
than ignoring it.  
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