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Abstract- Fixed jacket platforms are huge steel framed #ires used for the exploration and extraction bf oi
and gas from the earth’s crust. Jacket type strestare appropriate for relatively shallow watepttle These
structures will be fixed to seabed by means of lrbpiles either driven through legs of jacket lamough skirt
sleeves attached to the bottom. Since Jacket stasctire very expensive, weight optimization caelduce
their capital investment. This paper deals withithplace analysis of an eight legged jacket ptatf@t North
Sea and optimisation of the bracing configuratibgscomparing the weight of jackets with differemating
configurations. Typical 6 bracing configurationg aelected for optimization. The jackets are matigleSACS
finite element program and in-place analysis isdumted with fixed boundary conditions. Critical dba
conditions are taken into account, which includeidtire and equipment weight, wind load, hydrodyicam
(wave & current) load using Morison equation. Afterplace analysis, the members are redesignedibyng
the diameter and thickness until stress ratio ifoilar members in 6 jacket configurations becamaadtp each
other. The weight of jacket for each bracing camfégion is determined, and the relevant bracindigaration
of the jacket with minimum weight is selected & dptimum one.

Index Terms- Jacket, Offshore Platform, Bracing Configuratiohs;place Analysis, SACS, stress ratio,
Optimisation;

1. INTRODUCTION the permanent foundation, and are connected to the
Fixed jacket platforms are huge steel structuresi usjacket by pile sleeves and grouted connections.
for the exploration and extraction of oil and gesni
the earth’s crust. These structures will be fixed t
seabed by means of tubular piles either drivenuino
legs of jacket or through skirt sleeves attachethéo
bottom.

The primary function of a jacket structure is to
support the weight of the topside structure b
transferring the weight to the foundation. The gick
structure must be designed to resist desig
environmental loads (from wind and waves) and als
accidental loads, such as boat impact, extren
environmental conditions and earthquake.

A jacket structure typically consists of tubular
members of various diameters and wall thicknegses.
typical jacket platform is shown in Fig.1. The gap
between the sea surface and the bottom of thed®ps
structure is made high enough to prevent waves fro
hitting the topside structure. At the bottom, theljet
is normally outfitted with a temporary foundation
which supports the jacket until the permanen
foundation is installed. Bracing configurations
consist of the wvertical, horizontal and diagona
members which connect jacket legs forming a stil
truss system, transfer the loads acting on thdopiat
to its foundation. There is a wide variation intfdam
bracing patterns which could be selected such
single diagonals, cross-braces, K-braces ar
combinations of these patterns. Several of these Fig.1: Typical Jacket Platform
patterns are shown in Fig.2. Piles are typicallgduas
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The earliest systematic theoretical studies on the The cost of these structures has significant
in-place analysis of jackets are by Robert G. Beal e influence on viability of offshore development,
(1984), Demir I. Karsan ( 1986) Mircea Grigoriuagét because it is an early capital expenditure. The
(1986), H. Mitwally and M. Novak (1987) and C. P.approximate cost for engineering, material and
Lai and Jiin-Jen Lee (1989). R. G. Bea and S. Fequipment, fabrication and installation of an offish
Pawsey (1991) compared the measured wave forgalsitform is 8%, 24%, 28% and 40% respectively.
and calculated wave forces using APl code on Engineering design, although includes a small part
offshore structures. Kayvani and Barzegar effortef an offshore platform cost, but could signifidgnt
(1993), based on the engineering beam theory antfluence the total cost by an optimum design that
appropriate provisions for plasticity and largeresulted in minimizing the platform weight. Weight
displacements, typical tubular members areeduction not only decreases direct material cdmts,
successfully modeled and analyzed using the generalso it optimize the size of marine equipment rezpli
purpose FE Program, ANSYS. for installation, such as derrick barges, cranekedo.

J.A. Eicher, H. Guan, D.S. Jeng (2003), Yasser E. Mastanzade (2005) worked on shape optimization
Mostafa and M. Hesham EI Naggar (2004), M. Rof offshore gravity platform column and the effeft
Bahaari and M. R. Honarvar (2007) and Mohammathe leg spacing on spectral response of offshore
Amin Assareh and Behrouz Asgarian (2008) havstructure is investigated by Hartnett and Mitchell
conducted detailed study on various numericgR000).
methods in which all the soil, pile, superstructans The present paper deals the in-place analysis of an
soil-pile-superstructure  interfaces are modeledight legged jacket platform in the Norwegian
simultaneously together. Harish N et al (2010Tontinental Shelf. and optimisation of the bracing
reviewed the simple procedure for the analysis afonfigurations by comparing the weight of jackeds f
fixed offshore platform and S.A. Kheiri and M Rdifferent bracing configurations. SACS (Structural
Bahaari (2011) evaluated the ultimate strength ofnalysis Computer Systems), a Design and Analysis
existing jacket platform. software for offshore structures and vessels, edus

for the modeling and analysis of the jacket.

2. METHEDOLOGY

2.1. In-Place Analysis of Jacket

In-place analysis is the structural analysis used t
simulate the behavior of the structure as close as
possible to give the response of the structurenduri
its service. It is done to check the global intggdf

the structure against premature failure. Among all

analysis of jackets the most critical one is ineplaln
@ a linear structural analysis with respect to ultiena

Typel Tvpe2

limit state design (ULS), the characteristic capais
normally taken as first yield or first component
buckling. If tubular members of a jacket do notssat
the ultimate strength requirements, resulting in
yielding or buckling, it is assumed that the tubula
member is not fit for the purpose.

Type 3 Type 4

Ultimate strength criteria advocated in various
codes specify structural strength and stability
requirements for jacket tubular members to avoid
yielding or buckling. The buckling of a member abul
be either lateral deformation in the length directof
a column or hoop buckling. Tubular members
subjected to combined axial compression and bending
Type 5 Type 6 may give rise to lateral buckling. The effect of
hydrostatic pressure loading on a column may lead t
hoop buckling. And the aim of in-place ULS design
Fig.2 : Bracing Configurations with respect to code checking is to avoid buckliig
members. It is important to determine the maximum
base shear force of the environmental loads for
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dimensioning of jacket bracings. Meanwhile, thq
maximum overturning moment should be establishg
for dimensioning of jacket legs.

2.2. Analysis Software

SACS (Structural Analysis Computer Systems),
Design and Analysis software for offshore strucsure]
and vessels, is used for the modeling and anabfsis
the jacket.

SACS is an integrated suite of finite elemen
based software that supports the analysis, design 4
fabrication of offshore structures, including aias,
and wind farm platforms and topsides. Its abiliby t
dynamically iterate designs allows users to perfor
advanced analysis, comply with offshore desig
criteria, and visualize complex results. SACS pilesi
reliable beam member code checking and tubulat joi
code checking capacity therefore it is very suitable
for topsides structures consisting of plate gircerd
tubular columns/ braces.

2.3. Modelling Data

The jacket platform is eight-legged jacket for thq
purpose of supporting 25000 tones maximu
operation weight located in Block 15/3 on the
Norwegian Continental Shelf, at a water depth & 11
m. The total height of the jacket is 142.7 m ané th
jacket footprint at sea floor is 40mx60m and topsid
footing dimension is 26.2mx32.4m. The bracindgrhe steel s420 is used for legs, piles and primary
pattern used is V- plus X- pattern (type 4 bracenembers and steel grade s355 is used for secondary
pattern). All the members are tubular with outsidenembers. The properties of are taken from NS-EN
diameter varying from 2600mm to 700 mm and wall0025-3. The material factoym is 1.15 in ULS,
thickness from 75mm to 30 mm. Computer model ofvhich is indicated in NORSOK -004

the Eight legged platform is shown in Fig.3.

Fig.3 : 3D Model in SACS

2.3.1.Material Property

2.4. Loading Data

2.4.1.Permanent Load and Variable Load

The permanent load includes the mass of the jacket
and the topside weight. The topside weight is teken
equivalent load when an equipment box of 25000
tonnes is placed at the location of the topside.

2.4.2 .Environmental Data

The environmental data (shown in Table.1 to table 4
is based on a meta ocean design report of anetd fi
located in Block 15/3. The hydrodynamic forces,
wave and current forces are calculated using S¢oke’
5th order theory and Morison equation respectively.
The wind force is applied as uniformly distributed

the surface of the topside and the effect of marine
growth is accounted.

Table.1: speed of current with 100-year return
period
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Current Speed from different directions (m's)

Depth a a N ~ N
(m) 0 45 90 133 180 225 | 270 313
(Deg) | (Deg) | (Deg) | (Deg) | (Deg) | (Deg) | (Deg) | (Deg)

0 092 | 092 | 076 | 048 | 048 | 064 | 062 | 092
-10 092 | 092 | 076 | 048 | 048 | 064 | 062 | 092
-20 079 | 091 | 090 | 065 | 033 | 054 | 058 | 076
-30 058 | 072 | 083 | 063 | 040 | 052 | 061 | 039
-40 062 | 0.73 | 066 [ 033 | 052 | 037 | 036 | 0.T1
-60 062 | 071 | 060 | 056 | 042 | 049 | 051 | 063
-20 063 | 064 | 060 | 033 | 038 | 048 | 048 | 063
-112 | 039 | 033 | 048 | 046 | 037 | 041 | 040 | 060

Table.2: Wave Height and period of wave
100- year return period

Wave
Direction {deg)

H: (m) T: (5)

0 12.5 133
45 129 13.5
90 147 142
133 144 142
180 11.7 12.9
215 14.6 143
270 146 143
313 123 14.3

Table.3: Thickness of Marine Growth

Water depth | Thickness Drag Mass
(11) (1) Coefficient | Coefficient
Above +2 0 0.65 1.6
2to 40 100 1.05 12
Under -40 30 1.03 12

Table 4: Wind with 100 year return period

Where, U_0 is 1 h mean wind speed at 10 m
height U_z is thel h mean wind speed at height z(m)
above sea level, u_z is the Characteristic wind
velocity at height 40 m above sea level with
corresponding averaging time period 15 sec, C_s is
the Shape coefficient, A is the Surface area andl F_
is the Wind force acting on the surface

2.4.3.Design Loads and Partial Load Factor

The design load model is based on permanent loads,
variable loads, wave and current loads and wind
loads. The ULS load combinations are split intcheig

withULS_A combinations and eight ULS_B combinations

for a 100-year wind condition and a 100-year return
period wave condition. The relevant factors of safe
according to NORSOK N-003, for ULS A and
ULS_B analysis are considered.

3. RESULT AND DISCUSSIONS

Linear static analysis is performed for the eigiyiged
jacket considering 8 loading directions, 4 in
orthogonal direction 0, 90, 180 & 270 deg. and 4 in
diagonal direction i.e. 45, 135, 225 & 315 deg.tPas
sub program of SACS VI, is used to calculate eldmen
stresses and compare them to allowable stresses. Th
NORSOK-NO003 code is selected to check stresses in
the elements. The maximum base shear and
overturning moment for ULS_A (for operational
condition) and ULS B (for extreme condition)
analysis are shown in table.5 and table 6.

The comparison of base shears shows that the
maximum base shear occurs in 90° and the maximum
overturning moment in 270° in both operating and
extreme conditions. i.e., the worst-case occurdewhi
the environmental loads act from the south of the
structure and the north of the structure. Unitycghe
has been performed and found that the ratio ofahctu
stress to allowable stress is less than unity for a
members. Thus the structure is safe.

Direction | U 0 | Uz | uz C s A F w
(deg) | (m's) | (m's) | (ms) | — | (m"2) | (EN) Table.5: Maximum Base Shear and Overturning
0 33 | 3083|4921 075 2400 | 267217 Moment for ULS_A analysis
s i3 | 3083 | gy | 273 ] 2400 | 188951 ];and_ o .
2 - = = 0= combimation 'Err.u.tm.ng
1.23 | 6600 | 8487.03 direction{deg) Baze Shear Moment
90 31 [ 37264571 123 | 6600 | 1035737 N
133 33 | 3854 | 4745 0.75 | 2400 | 1757.04 (Y (EN-M)
5 2 344745 247 -1
133 | 6600 | 729204 El_ 34._996.?? 10878132
180 30 | 3507|4399 075 | 2400 | 213522 43 -342008.73 -2026860.2
0.75 | 2400 | 163032 90 34408147 33505805
225 31 | 3726 | 45.71 — -
123 | 6600 | 7323.77 133 -343003 44 -2148446
270 35 | 424335277 123 | 6600 | 1380217 180 3430805 _1534656.9
0.75 | 2400 | 188951 5 - -
515 | 33 | 3983 | 4921 [ ek 225 34307138 21622972
123 | 6600 | 848703 270 -344057.69 3433879
313 -343030 19000904

124



International Journal of Research in Advent Tecbggl(E-ISSN: 2321-9637) Special Issue
International Conference on Technological Advanaeme Structures and Construction
“TASC- 15", 10-11 June 2015

comparison of the weight of optimized jackets shows

Table.6: Maximum Base Shear and Overturninghat jacket with Type 5 bracing configuration hke t

Moment for ULS_B analysis

minimum weight and thus Type 5 bracing

Load configuration is the optimised bracing configuratio
combination Crvertuming
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