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Abstract— This paper, presents a postprocessor subprogram fo
design of the tubular joints in 1ISO-19902 code. Theubprogram

was developed using Mat Lab and Net-Beans Java platim.

Although the current design software provides extesive

structural design checks, complementary analysis ar in some
cases, necessary. Therefore, this subprogram is intbed aid the
engineers conduct complementary checks efficientifComparison

of results showed that the unity check ratios obtaied by using
the post-processor, were consistently lower than S¥§’ joint can

post processor. This paper also presents the desigmvision for

the tubular joint of fixed offshore steel jacket phtforms.
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. INTRODUCTION

Fixed offshore steel jacket platforms consist twaimm
parts, namely, the topside on which the operattake place,
and the substructure, which supports the wholedtfucture.
The substructure is built of tubular members weltmgkther
to form a tridimensional space frame, i.e. the gaclOwing to
their complex nature, the design of fixed offsheteel jacket
platforms is performed with aid of various compw#uctural
analysis programs such as the SACS - Structuralysisa
Computer System [1]. These programs consist of dfet
modules or subroutine programs that interact wabheother
to execute structural safety checks, based on #wgua
provisions in the international standard like, tAeerican
Petroleum Institute, code for design of fixed offsh
platforms (APl RP2A-WSD). Generally, these struatur
analysis programs are divided in two main partselg, pre-
processor and the post-processor.
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which certain structural elements do not satisfg ttode
checks by the programs, but in fact, the elemernighthbe
safe. In these cases of uncertainty, the engingexg be
obliged to conduct manual checks, to verify thegpams’
output. However, it is well known that manual cddtions are
often tedious and time consuming. This could evetnvgprse
if the engineers are not familiar with the designes that
have been recently adopted, such as the ISO-19902.

In recent years, there is a strong urge to adaptahd and
resistance design methods, in form of ISO-1990dexde,
in the offshore industry. This trend is driven e toelief that
ISO-19902 produces uniform safety levels across beesof
different types (compression, tension, etc.) anffemint
locations in the structure and creates harmonizesigd
practice across the world [2]. The adoption of 15@®02
means that the structural analysis programs havebeo
upgraded to incorporate the new provisions of desig

As part of project to calibrate the load and resise
factors for the adoption of 1SO-19902 design cofldixed
offshore steel jacket platforms in Malaysian watétswas
necessary for the structures to be designed arcketidor the
code in practice APl RP2A-WSDI[3][4]. Moreover, coanp
the results with identical checks for same striectdesigned
using provisions of 1ISO-19902 [2].

This paper describes the development of a postepsoc
for joint checks for structures designed using IBI902. It

presents the steps through which the subprogram was

developed, and compares the results with the agiSACS
program, which contains provisions for joint chefok API
RP2A design. Note that this mini program is desigre

The pre-processor consists of modules that gather a facilitate the conduct of design checks efficiently

store information such as the geometry,
dimensions of the structure, loads and design piav
governing on the structure. Meanwhile, the postessor
consists of the programs that make use of the rimdtion
obtained by the pre-processor to execute the stalothecks
and displays the report for posterior interpretatioy the
engineers.

Although these programs are designed, to produsdtse
that simulate situations that resemble those of dabwial
structure, the engineers’ judgment still plays talviole in
decision-making. Furthermore, there may be sitnatio
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Il.  TUBULAR JOINTS DESIGNPROVISIONS

A. General tubular joint characteristics

Tubular joints are the connections of two or mareutar
members that form the jacket structures. A simplbeikar joint
consists at least of two members nanatigrd andbrace. The
chord is the member on which the other componeeisibers
are welded, without piercing its walls. The chorl daften
reinforced by increasing the wall thickness or gstiffeners,
and, in most cases, it has larger diameter thanother
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members. The reinforced section of the chord isrrefl as the
joint can. The tubular joint design focuses on evaluating th
ability of the joint can to support the loads frahe braces.
The braces are the members that are connected tbato
surface of the chord walls. In some cases, they adse
reinforced at the edges. These reinforcementsadliexcstubs.

Tubular joints are usually divided into two categer
namely Smple joints and Complex joints. Simple joints are
those without overlapping of brace members andowitlihe
use of gussets, diaphragms, stiffeners, or growarihile
Complex joints are either ring stiffened, made adtcsteel or
are internally grouted tubular joints, whose bebawiis
radically different from simple unstiffened weldgdints
[5][6]. Figure 1, illustrates the geometric configtion of the
typical tubular joint.
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Figure 1. Typical Tubular Joints [5]
Definition of terminologies in Figure 1:

» 0 = Brace included angle;

* g = Gap between braces;

» t = Brace wall thickness at intersection;
» T = Chord wall thickness at intersection;
» d = Brace outside diameter;

» D = Chord outside diameter.

The above parameters have been reduced to a nwhber

non-dimensional geometrical ratios, which are used
evaluating the tubular joint strength, as follows:

* B=d/D

» v=D/(2T)

e T=1/T

B. Classification of tubular joints

Typical joints are K, Y/T and X, classified based their
geometrical configuration or load pattern for ebodd case or
both [2].

» K-joint consists of a chord and two braces on tmes
side of the chord. The components of the axial érac
forces normal to the chord balance each other. &vhil

the components parallel to the chord add and ar

reacted by an axial force in the chord.

* Y-joint consists of a chord and one brace. Axiatéoin
the brace is reacted by an axial force and beaar she
the chord.
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» X-joint consists of a chord and two braces, oneach
side of the chord, where the second brace is a
continuation of the first brace. Axial force in ohmce
is transferred through the chord to the other brace
without an overall reaction in the chord.

C. Basic Design Equations

Table | shows the different parameters and thaiitilng
ranges, such that the joints are designed and ctbd
effectively. Note thag, y and g/D are non-dimensional ratios.

TABLE I. VALIDFY RANGES FOR PARAMETERE?]

Parameter Ranges
§ 0.2-10
Y 10-50
0 30 - 90
Fy <500 MPa
g/D > -0.6 (for K joints)

The design strength of tubular joints is evaludtadeach
brace connected to the chord. Therefore, it vaneh the
geometry and pattern of the loads acting on ithédigh the
basic strength formulation is similar for all type$ joints
(Equations 1 and 2), the difference is on the eatau of the
chord load factor (§ and the basic strength factorsQ

py=—2 u

d yR51n9Q Q¢ )
M. = F,T?d

d _YR SineQqu (2)

Where:

* Pd - is the design value of the joint axial strength
(represents the ability of the joint can to retlist axial
loading from the brace);

* Md -is the design value of the joint bending moment
strength (represents the ability of the joint candsist
the bending moment from the brace);

* Yr - is the partial resistance factor for tubular jojnts
YR = 1.05.

The determination of the chord load factor))(@nd the
basic strength factors (R is given in the 1SO-19902 design
code [2]. The Qdepends mainly on the geometry and material
properties of the joints. The;@kes into account the presence
of nominal loads in the chord. The {3 attributed a value of
one (1), when all the extreme fibers stressesettiord are in
tension [7].

D. Srength Check

Tubular joint designed to support the load actioonf
Brace, be it axial, bending moment alone, or costbirshall
Satisfy the following conditions [7]:

P Mg\ 2
uc = —B| + (—B)
Py My IPB

<1.0

MB|
OPB

M @3)
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Equation 3, applies for all tubular joints. Where:

UC - is the unity check ratio or joint utilization ratio
Ps - is the factored axial force in the brace member

laysia

platform was designed for a 100-year return storiteria as
stated in the APl RP2A-WSD 2Z1Edition. The design
properties of the platform are shown in Table II.

* Mg - is the factored bending moment in the brace TABLE Il. DESIGNPROPERTIES OFPLATFORM
member; -
« IPB - represents in-plane bending moments and Description Parameters
strengths; Water Depth 7150 m
. OPB - represents out-of-plane bending moments and|Highest Astronomical Tide (HAT) 240m
strengths. Lowest Astronomical Tide (LAT) -0.20 m
100-year return storm surge 0.60m
I1l.  PROGRAMARCHITECTURE 100-year return wave height and peripd 9.90 m &nPdisec
The subprogram consists of four stages, namelyr use | 100-yearreturn wind (3-second gusf) 44.00 m/s
input, parameter validity check, tubular joint sigth Surface: 1.05 m/s
evaluation, unity checking, and output, as showfigure 2. 100-year return current Mid-depth: 0.95 m/s
In the input stage, the user inserts design paessuch as Bottom: 0.55 m/s

the type of joint, diameter and thickness of therdhand
brace, angle value, and factored loads acting anebfaxial
forces and bending moments).

The parameter checks are executed on the secayel afta
the subprogram. This validation check is basecdherliiniting
values given in Table I. If these limits are vieldt the sub
program, displays an error message, highlightiegvtblation.

In the third stage, the tubular joints strengttevgluated
based on Equations 1 and 2. Subsequently thesehaoked
using the Equation 3. If the check is not met,ghegram will
show a message, prompting the user or the engioesslit the
input values, hence redesigning the joint.

UserInput

|

Parameter
checking

( )
Tubular Joint Strength

Evaluation
\

( \
Tubular Joint Strength
Check (UC)

Figure 2. Flowchart of the subprogram

The program was initially, written and tested intMab.
The Java based Graphical User Interface (GUI),hasvs in
Figure 3, was developed using the Net-Beans IDE [8]

IV. VERIFICATION OF PROGRAM

A platform located in the Malaysian Water of SoGthina
Sea was used to verify the output of the programis T
platform was installed at a water depth of 71.5er®etThe
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The jacket platform was modeled and structural yees
carried out using the SACS 5.2 software. The lingtatic
design analysis performed were focused on identifyihe
maximum loading, that is the forces and momenhgabin the
tubular joints for the given 100-year return stocondition
values.

The values of the unity check (UC) ratios, whichsthe
joint utilization of selected tubular joints, areosvn in Table
lll. These values were obtained using the desigygnam,
SACS, developed for the APl RP2A-WSD (third colunanyd
the proposed subprogram (fourth and last columh)clvwas
developed based on the ISO 19902. From these vatuzm
be observed that the proposed subprogram, generally
produces values that are relatively lower that ¢hobtained
using the SACS program. This complies with the tbgoal
understanding that the 1SO 19902 design provisiensid
produce lower unity check values. That is because,
compared to the APl RP2A-WSD the ISO 19902 estimate
relatively higher tubular joint strength.

TABLE Ill. CoMPARISON OFUC RATIOS FROMSACSAND THE DEVELOPED
PROGRAM
Joint No. | Type of Joint API TgAZCAS_YVSD Subprogram
100 T 0.2470 0.0901
108 T 0.0500 0.0426
115 T 0.0920 0.0766
121 X 0.0290 0.0370
150 X 0.1650 0.1333
169 X 0.4600 0.4340
170 K 0.0400 0.0363
200 K 0.0300 0.0172
202 K 0.0224 0.0094
V. CONCLUSIONS

Engineers have relied on the computer programes$igd
and check the safety of complex structures. Howetle
design codes are always in constant developmedtit dakes
significant time for the programs to be updatedisTaper
presented a program that is intended to assistet@mgineers
in the design the tubular joints of fixed steekgetcplatforms.
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Figure 3. Graphical User Interface of the subpnogra

The output of the tests showed that program hashimgt  [2]
results as those obtained using the SACS 5.2 joam
subprogram. The program was developed for the desfg
tubular joints of fixed steel offshore structuresing the 1SO- 3]
19902 code, which did not feature on SACS 5.2.Heurhore,
checks need to be conducted to improve the perfmenaf
the program. [4]
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