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Abstract - Now a day, offshore platforms
are very popular in oil industries. Offshore
structures should be designed for severe
environmental loads and strict requirements
should set for the optimum performance. The
nonlinear analysis of offshore platform subjected
to extreme time history induced forces can play a
major role in the design of the offshore structures.
Time history plus current kinematics are
generated using 5th order Stokes time history
theory. The horizontal components of the time
history velocity and acceleration fields are
multiplied by a time history kinematics factor that
is intended to account for direction spreading and
irregularity of the time history profile. The results
show that the nonlinear response analysis is quite
crucial for safe design and operation of offshore

platform.

1.INTRODUCTION

Offshore structures may be analyzed using static
or dynamic analysis methods. Static analysis methods
are sufficient for structures, which are rigid enough to
neglect the dynamic forces associated with the motion
under the time-dependent environmental loadings. On
the other hand, structures which are flexible due to their

particular form and which are to be used in deep sea

must be checked for dynamic loads. Dynamic analysis is
particularly important for waves of moderate heights as
they make the greatest contribution to fatigue damage
and reliability of offshore structures. The dynamic
response evaluation due to wave forces has significant
roles on the reliable design of the offshore structure. In
the design and analysis of fixed offshore structures
many nonlinear physical quantities and mechanisms
exist that are difficult to quantify and interpret in
relation to hydrodynamic loading. The calculation of the
wave loads on vertical tubular members is always of
major concern to engineers, especially recently when
such studies are motivated by the need to build solid
offshore structures in connection with oil and natural gas
productions. The effects of various wave patterns on
offshore structures have been investigated by numerous

researchers in the past.
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1.1 System Architecture

lSTUDY OF STEEL OFFSORE

' LOADING ON OFFSHORE

lSTUDY OF TIME HISTORY

| sAP 2000

il

The first step is to design and decide section required for
static load as mentioned in the previous chapter. After
modeling  section boundary conditions for offshore
structures is applied. The EL-Centro earthquake loading
is applied from time history analysis load case from SAP
2000.After that comparative analysis is performed for
various bracing and slope.

1.2 Ground Motions and Linear Time History
Analysis

Dynamic analysis using the time history analysis
calculates the building responses at discrete time steps
using discredited record of synthetic time history as base
motion. If three or more- time history analyses are
performed, only the maximum responses of the
parameter of interest are selected

2. Ground Motion Records

Off shore platforms are subjected to ground
motions. The ground motion has dynamic
characteristics, which are peak ground acceleration
(PGA), peak ground velocity (PGV), peak ground
(PGD),

These dynamic characteristics play

displacement frequency content, and
duration.
predominant rule in studying the behavior of RC off
shore platforms under seismic loads. The structure
stability depends on the structure slenderness, as

well as the ground motion amplitude, frequency and

duration. Based on the frequency content, which is
the ratio of PGA/PGV the ground motion records

are classified into three categories:

a) High-frequency content PGA/PGV>1.2

b) Intermediate-frequency
content0.8<PGA/PGV<1.2

¢) Low-frequency content PGA/PGV<0.8

2.1 Statement
The study of platform is a fixed Jacket-
Type platform currently installed in the Suez
gulf, Red sea, 1988, The offshore structure is a
four legs jacket platform, consists of a steel
tubular-space frame. There are diagonal brace
members in both vertical and horizontal planes
in the units to enhance the structural stiffness.
The Platform was originally designed as a 4-
pile platform installed in 30m water depth. The
height of wave is considered as 18m.Wave
water

period 24 sec. Wave

density10.58kg/m3.The model variation is
taken on the basis of bracing pattern and
inclination in vertical leg. Single, double and
knee bracing patterns are considered with 0°,

20° and 30° inclination in vertical leg.

a) Vertical leg cross-sectional dimension;
I. Outer diameter=0.762m
ii. Inner diameter=0.664m

b) Platform Thickness=0.05m

¢) Horizontal members pacing=6m

d) Bracing diameter=0.32m

2.2 Density of various materials considered for

design

a) Concrete=25kN/m3

b) Insulation=1kN/m3

¢) Structural steel=78.5kN/m3

2.3 Description of loading

a) Dead load=Self weight of structure
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b) Live load=3kN/m2

¢) Wave load=18mheightwaveintensity
d) Earthquake load=Time history(EL-Centro)

f—— st p—r]

SINGLE BRACING

DOUBLE BRACING

]

L

KNEE BRACING

2.4 Material Properties

The following table shows the concrete and steel

bar properties, which are used for 33dowelling of

the reinforced concrete of off-shore platforms in

SAP2000.Concrete and steel bar properties as per

IS 456.

Concrete Properties

Steel Bar Properties

Strength

Unit Weight 25 Unit Weight ZIiI?anwg)

(KN/m?®)

S

Modulus of ?&32\?'68 Modulus of ?Ii(/ll?a)
Elasticity P Elasticity P
Poisson Ratio 0.2 Poisson Ratio 0.3
Thermal 5.5x10¢ | Thermal 1.170x10®
Coefficient Coefficient

9316.95 76923.08
Shear Modulus Shear Modulus

(Mpa) (Mpa)
Damping Ratio | 5(%) Yield Strength | 415(Mpa)
Compressive 30(Mpa) | Tensile Strength | 485(Mpa)

Table -1: Material Properties

2.5 PERFORMANCE ANALYSIS

The main objective of this study is to examine the

behavior of Off-shore structure with different bracing

system with different angles provided to structure.

a) Single bracing for Q°tructure.

b) Double bracing for Q°tructure.

¢) Knee bracing for 0%tructure.

d) Single bracing for 20%tructure.

e) Double bracing for 20%tructure.

f) Knee bracing for 20°structure.
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g) Single bracing for 30%tructure.
h) Double bracing for 30°structure.
i) Knee bracing for 20°structure.

All above cases are analyzed for time history
analysis. The analysis is carried out using SAP
2000 software .The compression is made between

different bracing system.

Fig 1: Sketch Map of Platform Model.

Idealization of above problem statement is modeled
infinite element analysis tool SAP2000. Following
models are prepared for comparative analysis of offshore

steel structures.
2.6Discussion on results
2.6.1 Time Period

1. From figure4.10, 4.11 and 4.12 results of
time period of vertical leg with
0°nclination, shows that double racing has
less time period.

2. As time period is inversely proportional to
stiffness, double bracing model with
vertical leg 0° inclination possess more
Sstiffness.

3. Most of the mode shapes of double

bracing model shows less time period as
compared to other two bracing pattern

system.

2.6.2 Base Shear

1. It is observed from results of base shear
single bracing pattern shows higher value
of base shear resistivity then further knee
bracing and then double bracing.

2. Provision of single bracing in off-shore
structure, increases the performance of
structure in terms of base shear resistivity.

3. From the results it shows that model with
double bracing shows less base shear
resistivity than the other models.

2.6.3 Natural Frequency

1. From the table, value of Natural frequency is

higher in terms of double bracing.

2. As Natural Frequency of structure is
directly proportional to stiffness of
structure, so double bracing structure with
0° inclination in vertical leg have more
stiffness then the other two models.

2.6.4 Deformation

1. From the graphs it is seen that single
bracing system shows more displacement
as compared to double bracing system and
knee bracing system.

2. Deformation of all models are compared
and its seen that the least deformation is
observed in double bracings in vertical leg

with 30° inclination.
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3. CONCLUSIONS

Safe and cost-effective design of offshore platforms
depends to a large extent on the correct assessment
of response demands which is expected to be
encountered by the structures during its life span.
However, the functioning of the drilling operation
takes place during fair weather window, the
structure as a whole need to withstand extreme
design conditions. The extreme design conditions
are site specific. It is crucial to reduce the overall
response of a jacket platform subjected to
environment loads. The periodic inspection and
monitoring of offshore platforms for certification
needs the study of the responses of structures owing
to wave and wind forces. A finite element
formulation has been developed for the nonlinear
response of a fixed offshore platform jacket Where,
three-dimensional beam element incorporating
large displacement, time dependent wave forces is
considered. The time dependent wave force has
been considered as a drag component of the wave
force, which is a function of second-order water
particle velocity; hence the nonlinearity due to the
wave force has been included. The offshore
structural analysis is used to obtain platform
displacement response under varying external
loadings. The deflection of the platform is studied
for individual and combined wind and wave forces.
Offshore platform jacket displacement, axial forces,
bending moments, and natural modes and

frequencies of free vibration are evaluated.

REFERENCES

1. Shehata E. Abdel Raheem, Elsayed M.A. Abdel
Aaland Aly G.A. Abdel Shafy & Fayez

2. Atilla Incecik , Joan Bowers, Gill Mould ,
and OuzYilmaz, “ Response-based extreme
value analysis of moored offshore
structures due to wave, wind, and current”
vol 3 University of Glasgow, Glasgow, UK
145-150

3. Mehrdad Kimiael, Mohsen Ali Shayanfar,
M. Hesham ElI Naggar, Ali Akbar ,
“Nonlinear Response Analysis Of Offshore
Piles Under Seismic Loads” 13th World
Conference on Earthquake Engineering
,Vancouver, B.C., Canada ,1-6 August
2004.301-321

4. Stephen Mahin, PatxiUriz, lan Aiken,

Caroline Field and Eric Ko “Seismic
Performance of Buckling Restrained
Braced Frame Systems” 13th World
Conference on Earthquake Engineering,
Vancouver, B.C., Canada ,1-6 August
2004.254-271

5. Zhu. S. and Moul, G. (1994). “Numerical
calculation of forces induced by short-
crested waves on a vertical cylinder of
arbitrary Cross-section” Ocean
Engineering, 21: 7, 645- 662.

6. Willersrud, Imsland, & Olav, (2011).
“Short-term Production Optimization of
Offshore Oil and Gas Production Using
Nonlinear Model Predictive Control”
Preprints of the 18th IFAC World
Congress, Milano (ltaly) August28 -
September 2,2011 Pages 10851-10856

7. Nagamani, K. and Ganapathy, C. (1996).
“Finite element analysis of mnonlinear

dynamic response of articulated towers”

© 2025,IJSREM | www.ijsrem.com

| Page 5


http://www.ijsrem.com/

#gég’ ‘33%

IISREM . . . e . . .

taﬁ International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 09 Issue: 06 | June - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

Computers &Structures, 59: 2, 213-223.

8. Harish. N., Sukomal, M., Shanthala, B. and
Subba, R. (2010). Analysis of offshore
jacket platform, Natl. Conf.on Sustainable
Water Resources Management-
SWARMZ20; NITK, Surathkal; India; 7-9
Jan 2010.58-62

9. Schueller, G. I. (1998). What is reliability?
Structural Safety and Reliability, Edited by
Shiraishi et al, Balkema, Rotterdam, 1, 3-
35.

10. Chakarabarti S.K. and Tam, A. (1975).
“Interaction of waves with large vertical
cylinder”, Journal of Ship R esearch, 19,
22-23.

11. Raman. H., Jothishankar, H. and
Venkatanarasaiah, P. (1977). “Nonlinear
wave interaction with vertical cylinder of
large  diameter”, Journal of  Ship
Research,21: 1,120-124.

12. Zhu.S. (1993). Diffraction of short-crested
waves around a circular cylinder, Ocean
Engineering, 20: 4, 389-407.

© 2025, IJSREM | www.ijsrem.com | Page 6


http://www.ijsrem.com/

