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Abstract

One of the key issues in the pipeline design id ttétkness calculation. This paper highlights anparison of wall
thickness calculation methods of submarine gaslipgppéased on Norwegian Standard (DNV-OS-F101)phasian
Standard SNI 3474 which refers to American Standa®ME B31.8), and Russian Standard (VN39-1.9-08%k-A
calculation of wall thickness for a submarine ggseline in Indonesia (pressure 12 MPa, externaindiar 668 mm)
gives the results of 18.2 mm (VN39-1.9-005-98),M& (ASME B31.8), and 13.5 mm (DNV-0S-F101).The dasi
formula of hoop stress due to internal pressunaterpreted in different ways for every standardhlyONorwegian
Standard requires calculating hoop stresses imtier surface, which leads to a decreased valtleeofvall thickness.
Furthermore, the calculation of collapse factor tuexternal pressure is only regulated in Ameriaad Norwegian
Standards while Russian Standard uses that fast@naintermediate parameter in calculating locaikbog. For
propagation buckling, either Russian or Americaan8ard explains empirical formula of critical hysttatics pressure
as the input in propagation buckling calculatiohisTformula is almost similar to the empirical farka of Norwegian
Standard. From the comparison of these standBidg,0S-F101 gives more stringent requirements tthers.

Abstrak

Perbandingan Standar Perancangan Amerika, Norwegia, dan Rusia dalam M enghitung K etebalan Dinding Pipa

Gas Bawah Laut. Salah satu parameter utama dalam perancangaggarpipa adalah perhitungan ketebalan dinding
pipa. Studi ini membahas perbandingan metode peidain ketebalan dinding pipa untuk pipa gas baveait |
berdasarkan standar perancangan Norwegia (DNV-@3)FiIstandar perancangan Indonesia (SNI 3474) yang
mengacu pada standar Amerika (ASME B31.8), dandataperancangan Rusia (VN39-1.9-005-98). Berdamarka
perhitungan terhadap pipa gas bawah laut di Indarfe=kanan 12 Mpa, diameter eksternal 668 mm)pditkan hasil
ketebalan dinding pipa sebesar 18.2 mm (VN39-139K), 16 mm (ASME B31.8), dan 13.5 mm (DNV-OS-F101
Untuk setiap standar, formula untidoop stress diintrepretasikan dengan metode yang berbeda. alatgndar
Norwegia yang menghiturigpop stress dari permukaan dalam pipa sehingga menghasilkankeitebalan dinding pipa
yang lebih kecil. Untuk perhitungan faktoollapse akibat tekanan luar, hanya standar Amerika danwiigia yang
memperhitungkan faktor tersebut sedangkan standaiaRhanya menggunakan faktor tersebut sebagamptea
antara untuk menghiturigcal buckling. Untuk propagation buckling, baik standar Rusia maupun Amerika menerapkan
formula empiris tekanan hidrostatis kritis sebdgput dalam menghitungropagation buckling. Formula empiris ini
hampir sama dengan formula empiris yang diterajdada standar Norwegia. Dari ketiga standar yangndiimgkan
tersebut, standar Norwegia memberikan persyarasaimlyang lebih ketat dibandingkan yang lainnya.

Keywords: offshore gas pipeline, standards, wall thickness

1. Introduction length, although other factors such as geograplly an
topography also should be considered. For offshore
Compared with other forms of transport, pipelines/jale condition, there are more restrictive limitatiortsan

more continuous, stable, and high-capacity supfly o onshore environment. The ability to design, corstand
natural gas energy to the users. The capital cbst 0  operate safe and economic pipelines is criticafigcted
pipeline project is largely a function of its diateeand by the requirements of the standards which aretadop
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Basically, the codes and standards are used tthset
minimum requirements for the design, fabrication,
installation or construction, operation, maintereaand
abandonment of pipeline systems. Moreover, they are
the guidelines for designers, clients, contractansl
other parties not directly involved in the certiion
process.

In pipeline industry, standard is the basic priteifhat
can affect the design, construction, and operatibn
pipeline project. The deviation from the optimalusion
would bring considerable economic losses and the
deviation of the quality. The risk of accidents gldobe
controlled to a reasonable minimum, but to compfete
eliminate their occurrence is impossible. A carefdie
selection is required to ensure the safety andnteah
aspects for the system. Particularly for deep-water
pipeline designs, the design code needs to beutigref
reviewed to ensure that all critical deep waterigies
aspects are suitably be addressed.

The development of petroleum industries has lead to
diversity of pipeline standards and specificaticors
international and national level. There are somesicle-
rations when developing pipeline standards sucthas
requirements and interests of the government ahelr ot
parties. Thus, it is common to find different sgfand
technical requirements in pipeline standards oessdv
countries [1]. Not only on international and natiblevel,
the different requirements are also common to bedo
in the different national company in a same courtiny
Indonesia, Pertamina (national oil company of | rekia)
and PT PGN (state-owned natural gas transportatidn
distribution company) have own criteria in classity
gas pressure as summarized by Table 1.

In some cases, the use of different pipeline stalsda
has consequences when a pipeline transmissiomsyste
designed to cross different countries. The rea céshis
problem can be referred to Statoil (Norwegian natio
oil company) pipeline transmission system from the
North Sea to continental Europe.

The application of different national pipeline réagions
and standards within the sectors resulting theatiari
of wall thickness for the same pipeline from onetse
to the next.

Tablel. Pressure Classification of PT PERTAMINA and
PT PGN Indonesia

Classifeation PE(E;/; VIR P PoN (ban
Very high >16 >16
High 10-16 4-16
Medium 5-10 1-4
Low <5 <1
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Generally, every country has its own standard.tBeite

are some standards which are widely used by many
countries in designing gas transmission offshopeljvie.
Two of them are American Standard, ASME B31.8
(Gas transmission and distribution piping systeamyl
Norwegian Standard, DNV-OS-F101 (Submarine pipeline
system). In Indonesia, SNI 3474 (Gas transmissiah a
distribution piping system) is used as nationahdéad

of pipeline design. SNI 3474 basically refers toM¥S
B31.8. However, not all oil and gas companies in
Indonesia adopt ASME B31.8 in their offshore pipel
design. Many of them prefer to apply DNV-OS-F101 to
their design.

This paper will discuss the design of wall thickesing
some standards. The primary objective of the lipepi
design is to determine the optimal wall thicknesd steel
grade of the pipeline. Optimizing the wall thickaex a
subsea pipeline is essential to avoid hydrostatiapse
and rupture. A pipeline may be at risk of collapden
the external water pressure exceeds the intereakpre.
The interest in optimizing the pipeline wall thiggs is
particularly obvious for large transmission linggically
gas pipelines. The cost of the bare steel pipe Imeayp

to 50% of the entire pipeline project cost [2]. Ttheee
standards used in this study are ASME B31.8, DNV-OS
F101, and VN39-1.9-005-98. VN39-1.9-005-98 is Rarssi
standard of design and construction of offshore gas
pipeline. Russia has the world’s largest gas trésson
system and all is designed by its own standard.

The result of this study provides information fdlrand
gas industry especially in Indonesia to decide twhic
standard is more applicable for their pipeline wWattkness
design, both from technical and economic aspects.

2. Methods

For determining wall thickness of submarine ipelthere
are some main parameters that should be defindueas
input for calculation. They are diameter of pipetenial
of pipe, and environmental condition of pipeline.

This calculation will focus on the calculation oh a
offshore gas pipeline project in Indonesia. Loaatad
the project is approximately 25 km from the riveitd
with wavy contour and 60-90 m depth. This pipeline
designed to transport natural gas by distance o3 33
kilometers. Table 2 summarizes the input paramésers
the calculation of the wall thickness. Other partare
such as water depth, sea water properties (deasdy
kinematic viscosity), tidal elevation, as well agwe
and stream are also considered in the calculation.

The initial wall thickness value is assumed or glaited
using a conventional thin wall pipe formula. Thidue is
then verified if the wall thickness satisfies &létcriteria
required by the standard as presented by TablebR [3
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Table 2. Data I nput

Parameter Value Unit

Outside diamet: 667.7¢ mm
Material grade API 5L X65
Specified minimum yield stress 65000 psi
Specified minimum tensile stress 77000  psi
Coating thickness 2.5 mm
Density of pipe steel 7849.04kg/nT’
Density of coating 920kg/m?®
Density of concrete 2400kg/m’
Density of content 102.9%g/m’
Design pressure 1740 psi
Maximum temperature design 100 °C
Hydrotest pressure 2176 psi
Corrosion allowance 5 mm
Modulus elasticity (steel) 3.10 psi
Modulus elasticity (concrete) 4.35%0 psi
Coating cut back 150 mm
Concrete cut back 300 mm
Density of joint coating 730kg/m?
Poisson’s ratio 0.3 -

Table 3. Verification Steps of Wall Thickness Value

DNV-OS-F101 ASME B31.8 VN39 -1.9-005-98
Pressure Hoop stress and Hoop stress and
containment  longitudinal longitudinal stress
verification stress checking checking

System Combined stressCombined stress
collapse checking checking
verification

Combined External pressuré.ocal buckling
loading checking check

verification

Buckling Bending

propagation  buckling check

verification

3. Results and Discussion

A calculation of wall thickness for a same subnaugas
pipeline in Indonesia (pressure 12 MPa, exterraahdier
668 mm) shows that Russian Standard gives the §igge
wall thickness (18.2 mm),while Norwegian Standard
gives the smallest value (13.5 mm). American Stechda
gives a value between these two standards (16 frima).
results of this calculation are summarized in Table

An initial calculation of minimum wall thickness

by American Standard gives unsatisfying value after
validation process. As the result, it needs to fthd
higher wall thickness value and start a simulatiowerify

this new value. On the other hand, Russian Stargieed

the minimum value of wall thickness that can flifile
checking parameters. Basically, these two standards

Makara J. Technol.

using the same method in calculating the minimurth wa
thickness i.e. a conventional thin wall pipe foreaurhe
difference is the Russian Standard (VN39-1.9-0056-98
multiplying the result to a safety factor resultirsg
higher value of minimum wall thickness than Amenica
Standard (ASME B31-8).

Wall thickness is designed for several conditionshs
as installation, hydrotest , and operation. Fotaitegion
condition, pipe has no content and is not affedigd
corrosion factor. Environment force for this conalitis
environment force with 1 year cycle period. For toyd
static testing, pipe is filled with water and theater
density is taking account to the calculation. Wall
thickness design for this testing applies enviromime
force with 1 year cycle period and does not comside
corrosion effect. For operation condition, pipefiiked
with gas and the density of gas is taking accoarihé
calculation. Wall thickness for operation conditien
designed by considering corrosion effect and talb@ 1
years cycle period of environment force [3].

There are some reasons for the different wall teck
value of the standards. The different results priga
due to the choice of safety factors. These ratdieat
the need to provide the required level of relidili
depending on the category of the site, the qualitthe
manufacture of pipes , construction, and weldinge T
stress factor also contributes in giving differemsults.
As illustrated by Figure 1, the stress in the pipserial
consists of hoop or circumferential stress anditadmal
or axial stress. For all standards, the calculadiohoop
stress due to internal pressure is calculated pjyig
a thin walled cylinder model [6]. However, the dgsi
formula is interpreted in different ways, resultitiferent
results. Only Norwegian Standard requires caloudgti
hoop stresses in the inner surface, which leads to
decreased value of the wall thickness. Furtherntbie,
calculation of collapse factor due to external pues is

Table4. Pipeine Wall Thickness Value for Different

Standards
Standard Wall Thickness (mm)
DNV FS 0S-101 13.5
ASME B31-8 16
VN39-1.9-005-98 18.2

Figure 1. Hoop Stressand Axial Stressin a Pipe
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only regulated in American and Norwegian Standards,
while Russian Standard uses collapse factor as an
intermediate parameter in calculating local buaklin

Regarding to local buckling, ASME B31.8 states this
factor but does not briefly define the calculatimathod
and refers to API 1111 for further description. e
other side, Norwegian Standard defines the loceilng
calculation method for load controlled and dispfaeat
controlled condition. Norwegian standard requiresi€
paring the capacity to collapse to the hydrosiatissure
of the water, which under certain conditions carthee
criterion for selecting the thickness of the wator
propagation buckling, either Russian or Americam8ard
explains empirical formula of critical hydrostatjmessure
as the input in calculating propagation buckling.

In ASME B31.8, the wall thickness is calculated dshs
on traditional Allowable Stress Design (ASD), inialn
design stresses are compared to a factorized wyeldi
stress level [6]. While this method is relativelysg to
use not all the capabilities of the pipeline ardyfu
explored, generally resulting in a more consenreativ
design. Related to the other design aspects, thig c
does not give clear explanation on how to asseds an
mostly suggests the users to refer to API RP 1111.

APl RP1111 is an American Standard based on Limit
State Design. This means that the design codes are
based on the probability of failure and the straitu
reliability of the pipeline for different limit stas. As a
consequence of this method, safety design fact@s a
applied for the loads and the characteristic oftasce.

In APl RP1111, the bending safety factors are not
defined in wall thickness calculation. The designer
have to use their experience and there is poggibilia
subjective approach. In some design aspects, API
RP1111 refers to other design codes, including DNV
recommended practices.

DNV FS 0S-101 is based on the more stringent qualit
requirements for the manufacture of pipes. DNV FS
0S-101 applies Load Factor and Resistance Design
(LFRD system) in analyzing any loads that influence
structure of pipe. The principle of the LRFD desig
format is to ensure that the level of structurdesais
such that the design load on the pipeline does not
exceed the design resistance of the pipeline exoepat
stated level of failure probability. It means thiandard
includes not only the requirements of the minimum
value of the yield strength, but also to the partanseof

its probability distribution as an incidental vdnie. In
other word, LFRD system provides higher factor safe
on the loads. The safety factors for different gesi
conditions are well presented. Thus, this standdoav

the application of lowest value of the wall thickee
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Related to the other design aspects, DNV OS-Flfetsre

to relevant DNV recommended practices, resulting in
cohesive code structure for the complete desighoagh
both of Norwegian and Russian Standard define the
result as minimum wall thickness, but Russian staghd
regulates more stringent requirement that doeslimt

the project to lay the smallest wall thickness ijom

the comparison of these Standards, DNV-OS-F101sgive
more stringent requirements than others.

4. Conclusions

Wall thickness of pipe should be calculated by wrsg

all the combination stresses which may lead bugklin
and collapse not only in construction phase bub als
when the pipeline is located on the seabed. Iydew
wall thickness of subsea gas pipeline, DNV FS O8$-10
gives more stringent requirements and the smalkdae

of wall thickness than ASME B31.8 and VN39-1.9-005-
98. As the cost of bare steel pipe is a functiompipg
dimension, the cost of pipe material of DNV FS 0B-1
will be lower than ASME B31.8 and VN39-1.9-005-98.
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