
IJSART - Volume 7 Issue 5 – MAY 2021                                                                                           ISSN [ONLINE]: 2395-1052

Page | 33 www.ijsart.com

Zdynamic Analysis of Offshore Structure In SAP 2000
Mr. Harshal Gopal Jadhav1, Prof. Vaibhav Shelar2

1Dept of Civil Engineering
2Assistant Professor, Dept of Civil Engineering

1, 2 KJEI’S Trinity College of Engineering And Research, Pune

Abstract- This paper details the results obtained from static
and dynamic analysis, considering both operational and
ultimate limit state performance characteristics, designed at
high basin. The existing platforms at high region are affected
by continuous sea state and operational state loading.   So, it
becomes a necessity that the structures are design for the
purposes should be a reliable one. The  Static load  and
dynamic  load analysis  done in  this study,  using the
SAP2000  v14 software  helps  to analyze  and  predict  the
performance  of  structure  at,  when  Subjected to various
load cases which will help in future to design it properly and
accurately.  In this paper various loads such as wave load,
wind load both for airy and stokes law and earthquake load
have been used to calculate the displacement and bending
moment for design.
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I. INTRODUCTION

1.1 General:-

The total number of offshore platform in various
bays, gulf and oceans of the world is increasing year by year,
most of which are of fixed jacket-type platforms located in 30
m to 200 m depth for oil and gas exploration purposes. Fixed
offshore platforms are subjected to different environmental
loads during their lifetime. These loads are imposed on
platforms through natural phenomena such as wind, current,
wave, earthquake, snow and earth movement. Among various
types of environmental loading, wave forces loading is
dominated loads. According to API-RP2A 1997 (2.2) [1-3],
environmental loads, with the exception of earthquake, should
be combined in a manner consistent with the probability of
their simultaneous occurrence during the loading condition
being considered. In addition DNV 1980 (5.2.4) suggests that
loads due to earthquake normally need not be considered to
act simultaneously with other environmental loads. It is
necessary to design an offshore structure such that it can
respond to moderate environmental loads without damage and
is capable of resisting severe environmental loads without
seriously endangering the occupants. The standard design of
the structure is carried out using the allowable stress method.

However, it is important to clarify the effects on nonlinear
responses for an offshore structure under the severe wave
conditions. 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 [6 - 17].This research
summarizes the nonlinear dynamic analysis of a 3-D model of
a typical Jacket-Type platform, which is installed in Suez gulf,
Red sea, 1988 and presents the numerical investigation on
dynamic behavior of an offshore structure under wave loads.
Wave loading is applied to a full jacket structure by Stokes 5th
order wave methods with gravity loads also present. The
analysis considers various nonlinearities produced due to
change in the nonlinear hydrodynamic drag force. The wave
forces on the elements of the offshore structure are calculated
using Airy's wave theory and Morison’s equation. Numerical
results are presented for various combinations of typical sea
states. Natural periods and mode shapes of the system are
calculated. The results of these investigations highlight the
importance of accurately simulating nonlinear effects in fixed
offshore structures from the point of view of safe design and
operation of such systems. When designing offshore
platforms, there are a number of accidental loads that can
occur. These include ship impacts, dropped objects, fire and
explosions. Among these, explosions, as Illustrated on Figure
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1-1, are particularly challenging, because there are many
complexities Involved in the design process.

Fig 1: Gas explosion on an offshore platform [W1]

Fig 2: Model of a typical Offshore Module

1.3 PRIMARY EFFECTS

The primary effects focused on and investigated in this thesis,
beside standard linear elasticity, are:

 Dynamic load and response

 Geometric nonlinearity

 Plasticity

 Strain rate effects

W.S. Zhu et al [1]: Based on an opening complex for
a hydropower station in China, an equation considering four
basic factors was fitted for prediction of displacement at the
key point on the high sidewalls of the powerhouse, on the
basis of a large number of numerical simulations. The basic
factors include rock deformation modulus, overburden depth
of caverns, height of the powerhouse and the lateral pressure
coefficient of the initial stress.

Yang Yang et al [2]: Based on the characteristics of
the dynamic interaction between an underground powerhouse
concrete structure and its surrounding rock in a hydropower
plant, an algorithm of dynamic contact force was proposed.
This algorithm enables the simulation of three states of contact

surface under dynamic loads, namely, cohesive contact,
sliding contact, and separation. It is suitable for the numerical
analysis of the dynamic response of the large and complex
contact system consisting of underground

Youssef M.A. Hashash et al [6]: Underground
facilities are an integral part of the infrastructure of modern
society and are used for a wide range of applications,
including subways and railways, highways, material storage,
and sewage and water transport. Underground facilities built
in areas subject to earthquake activity must withstand both
seismic and static loading. Historically, underground facilities
have experienced a lower rate of damage than surface
structures..

A S Patil et al [7]: In the present paper study of
nonlinear dynamic analysis of Ten storied RCC building
considering different seismic intensities is carried out and
seismic responses of such building are studied. The building
under consideration is modeled with the help of SAP2000-15
software. Five different time histories have been used
considering seismic intensities V, VI, VII, VIII, IX and X on
Modified Mercalli's Intensity scale (MMI) for establishment
of relationship between seismic intensities and seismic
responses.

Dr. Martin Wieland et al [8]: Hydropower plants with
underground powerhouse contain different types of
underground structures namely: diversion tunnels, headrace
and tailrace tunnels, access tunnels, caverns grouting and
inspection galleries etc. As earthquake ground shaking affects
all structures above and below ground at the same time and
since some of them must remain operable after the strongest
earthquake ground motion, they have to be designed and
checked for different types of design earthquakes.

II. METHODOLOGY

In this paper offshore structures are studied in SAP
2000, the method of analysis is time history analysis. Time
history analysis is nothing but calculating structure response
of model subjected to specified ground motion. In this paper
El-centro data is used for time history analysis it has total time
period of 21 sec

III. PERFORMANCE ANALYSIS

The studied platform is a fixed Jacket-Type platform
currently installed in the Suez gulf, Red sea, 1988 shown in
Figure 3, 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
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units to enhance the structural stiffness. The Platform was
originally designed as a 4-pile platform installed in 110 feet
(110' =33.5 m) water depth.

 The Top side structure consists of Helideck 50'x50' at
ELevation, EL. (+54') & Production deck50'x50' at
EL. (+26'); Top of jacket at EL (+12.5').

 The Jacket consists of 4 legs with 33 inch Outer
Diameter (33'' O.D.) & 1 inch Wall
Thickness(1''W.T.) between EL. (+10' ) and EL. (-23'
) and (33'' O.D. x 0.5'' W.T.) between EL. (-23' )
andEL. (-110' ).

 In the splash zone area that is assumed to extend
from EL. (-6') to EL. (+6') LAT.
(LowestAstronomical Tide).

 The jacket legs are horizontally braced with tubular
members (8.625'' O.D. x 0.322'' W.T.) atelevations
(+10'); (10.75'' O.D. x 0.365'' W.T.) at elevations (-
23'); (12.75'' O.D. x 0.375'' W.T.) at elevations (-62’)
and (14'' O.D. X 0.375'' W.T.) at elevations (-110’).

 In the vertical direction, the jacket is X-braced with
tubular members (12.75'' O.D. x 0.844'' W.T.) from
EL. (+10') to EL. (-23’) and (12.75'' O.D. x 0.375''
W.T.) from EL. (-23’) to EL. (-110’). The platform is
supported by 4 piles (30'' O.D. x 1.25'' W.T.).)

Description of loading:

Density of various materials considered for design,
Concrete – 25kN/m3
Insulation – 1kN/m3
Structural steel – 78.5kN/m3
Live load – 5kN/m3

Wind load:

The following wind parameters are followed in accessing the
wind loads on the structure
Basic wind speed – 55m/s
Terrain category -2
Class of structure – c
Risk coefficient k1 – 1
Topography factor k3– 1
K2 factor taken from Draft Code CED 38(7892):2013 (third
revision of IS 4998(part 1):1992)

Earthquake force data:

Earthquake load for the chimney has been calculated as per IS
1893(par 4) : 2005
Zone factor – 0.16
Seismic zone – III

Importance factor (I) – 1.5
Reduction factor (R) – 3

Fig 3: sketch map of platform model

Idealization of above problem statement is modeled
in finite element analysis tool SAP 2000.Following models are
prepared for comparative analysis of offshore steel structures
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IV. RESULT AND DISCUSSION

TIME PERIOD ZERO  DEGREE:

Table 1: time period 0 degree

In this graph maximum time period is in knee bracing is 6.
The difference between knee and double bracing is 20%.

Fig 4 mode shear vs. time period

In this graph maximum base shear is in single bracing
is 3.00e+03. The difference between double and single bracing
is 5%.

Fig 5 base shear vs time period

NATURAL FREQUENCY 0 DEGREE:

Table 2Natural Frequency 0 Degree

In this graph maximum natural frequency is in double bracing
is 12. The difference between single and double bracing is 1%.

Fig 6 mode shear vs. natural frequency

DISPLACEMENT 0 DEGREE :

Table 3Displacement 0 Degree
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In this graph maximum deformation-y 0 degree is in
single bracing is 0.52. The difference between single and knee
bracing is 25%.

Fig 7Displacement 0 Degree

V. CONCLUSIONS

After finite element analysis in SAP models time
history analysis is done for single bracings, double bracings
and knee bracings following conclusions can be made for 0
degree, 20 degree and 30 degree

 Deformation in y direction is 25% less in double
bracing and 15 % less in knee bracing. But
deformation in X direction is observed more in knee
bracings. In addition to this. For base shear it is
observed that base shear is 15% more in single
bracings than cross bracings and knee bracings

 Natural frequency is observed more in knee bracings
which indicates less time period in knee bracings

 For angle variation 0 degree ,20degree and 30 degree
the deformation observed less in 30 degree as
compared to other so it can be included that steep
slope increases the stability of structure

REFRENCES

[1] A.R. Rahai, M.M. Alinia Aerodynamic Thrust Modeling
in Wave Tank Tests of Offshore Floating Wind  Turbines
Using a Ducted Fan’ National Renewable Energy Centre,
CENER Ciudad de la Innovaci´on 7, 31621 Sarriguren,
Navarra, Spain

[2] ACCIDENTAL LOAD ANALYSIS AND DESIGN FOR
OFFSHORE STRUCTURES’ American Bureau of
Shipping Incorporated by Act of Legislature of the State
of New York 1862

[3] ATILLA INCECIK , JOAN BOWERS, GILL MOULD ,
and Ouz YILMAZ, “ Response-based extreme value

analysis of moored offshore structures due to wave, wind,
and current” 3 University of Glasgow, Glasgow, UK

[4] Mehrdad KIMIAEI, Mohsen Ali SHAYANFAR, M.
Hesham El NAGGAR, Ali Akbar , “Nonlinear Response
Analysis Of Offshore Piles Under Seismic Loads”

[5] SEISMIC PERFORMANCE OF BUCKLING
RESTRAINED BRACED FRAME SYSTEMS’
STEPHEN MAHIN1 , Patxi URIZ2 , Ian AIKEN3 ,
Caroline FIELD4 and Eric KO

[6] API (American Petroleum Institute) recommended
practice 2A-WSD (RP 2A-WSD) 21st edition (2000) for
design of offshore structures, USA.

[7] API RP 2A – WSD, "Recommended Practice for
Planning, Designing and Constructing Fixed Offshore
Platforms – Working Stress Design, 21TH Edition, 2000".

[8] API (American Petroleum Institute) recommended
practice RP 2A-LRFD – Load Resistance Factor Design -
First edition, July 1993 for design of offshore structures,
USA.

[9] Det Norske Veritas (DNV) "Result for the Design,
Construction and Inspection of Offshore Structures",
Oslo, 1977. (Reprint with correction 1981).
http://www.dnv.com

[10] Barltrop, N.D. and Adams, A.J. (1991). Dynamics of
Fixed Marine Structures, 3rd edition, Marine Technology
Directorate Limited, Epsom, U.K.

[11] CIRIA (1977). Dynamics of Fixed Marine Structures,
methods of calculating the dynamic response of fixed
structures subjected to wave and current action,
Underwater Engineering Group report, UR8, U.K.

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

[13] Chakarabarti, S.K. and Tam, A. (1975). Interaction of
waves with large vertical cylinder, Journal of Ship
Research, 19, 22-23.

[14] 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.

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

[16] Zhu, S. and Moule, 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.

[17] Harish, N., Sukomal, M., Shanthala, B. and Subba, R.
(2010). Analysis of offshore jacket platform, Natl. Conf.
on Sustainable Water Resources Management - SWaRM
20; NITK, Surathkal; India; 7-9 Jan 2010.



IJSART - Volume 7 Issue 5 – MAY 2021 ISSN [ONLINE]: 2395-1052

Page | 38 www.ijsart.com

[18] Nagamani, K. and Ganapathy, C. (1996). Finite element
analysis of nonlinear dynamic response of articulated
towers, Computers &Structures, 59: 2, 213-223.

[19] Dynamics of Offshore Structures , James F. Wilson -
Technology - 2002 - 344 pages

[20] Engin, G. R. Tugrul, E. and Umit, G. (2011). Effect of
Changes on Joint Connections of Steel Lattice Towers
due to Environmental Loads, International Journal of
Engineering and Industries, 2: 1, 30-37.

[21] Jain, K. (1996). Dynamics of offshore structures under
sea waves and earthquake forces, American Society of
Mechanical Engineers, Offshore Technology, 1, 191-198.

[22] Fayed, S.M.M., Zidan, M. and Harb, M. (2005). Dynamic
response of fixed offshore structures under environmental
loads, Eleventh International Colloquium on Structural
and Geotechnical Engineering, 11th ICSGE, 17-19 May
2005, Cairo


