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Trend and Review of Corrosion Resistant Alloy (CRA)
for Offshore Pipeline Engineering
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ABSTRACT: Offshore fields are increasingly important for the development of offshore resources due to the growing energy needs. However, an
offshore field for oil and gas production has difficult development conditions, e.g., high temperature, high pressure, sweet/sour compositions of fluids,
etc. Corrosion is one of the biggest issues for offshore pipeline engineering. In this study, a Corrosion Resistant Alloy (CRA) pipe for corrosion
prevention was investigated through its global demand and trends, and three types of CRA pipelines were introduced with detailed explanations.
The usefulness of CRA was also evaluated in comparison to a carbon steel pipeline in terms of the structural strength, cost, and other factors.
Offshore pipeline engineering, including mechanical design and verification of the results through an installation analysis based on numerical
software, was performed for the carbon steel type and solid CRA type. The results obtained from this study will be useful data for CRA pipeline
designers and researchers.

1. A-I % £ 20 History Projections
=

4:!5/1’3017]"‘5‘ 7HE—:—'§L‘§'9] L;ﬂ’/—ﬂk‘ ‘;‘1 ?_]‘—TL% ]’9’]' [—]%0—] 21 g 200 Liquids (including biofuels) 34%/,,~’j/”’¢4 _H23%
A71E0) AR} S0k & FAR AL, 45 T3 B0l z i el
o AL A 2 ek 9w ek AY BAel oa 2T E e e R
EIAQ013)2] A7 o= 20 A%< JeiE Fig 1o mhe - 1%
W, 09, Ak, A, QA A AR BRE oY F T
A WF Sl 20409 2, M, AZEA 5o AR q % =
B 78%0) 9 digolnk. BE, AAA olUA el A$ 20101 s [T T
oin] 71 & AAo] o= HAWE A5 AR tigk 9 £ 199 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040
S e r voar

29 - 7t~ T9) &3l (Hydrocaron)2] A4HS 913 sjeF  Fig. 1 World energy consumption by fuel (EIA, 2013)

Al thg EEE F7F FAolth DW(2013) A&l wWEW

olg) Fig. 29} o] 2014dHE] 20253 714 O*u 29 -7k F A AR AEHR] ARl ASdHn vIF Mo A5
A Ao F5 Azl ubd, ek Asis g3 A & ARt EE deF da FAATL o8 Hks] As) ApEe

Received 29 November 2013, revised 21 January 2014, accepted 13 February 2014
Corresponding author Han-Suk Choi: +82-54-279-0134, hchoi@postech.ac.kr

(© 2014, The Korean Society of Ocean Engineers

It is noted that this paper is revised edition based on proceedings of KSOE 2010 in Mokpo.

85



86 59 - A -

180

160

140

Shallow Oil & Gas

120

Onshore Oil & Gas

Barrel of oil equivalent per day (x10%)

1975

1985 1995 2005 2015 2025

Year

Fig. 2 Trend of oil and gas production (DW, 2013)
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Table 1 Comparison of three types of CRA pipelines
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Types Solid CRA pipeline Clad pipeline Lined pipeline
Sepecification API Spec. 5 LC API Spec. .5LC & 5LD API Spec. ?LC & 5LD
(APL 2006) (APL 2006; API, 2009) (API, 2006; API, 2009)
Material CRA (duplex stainless) CS (outer) + CRA (inner) CS (outer) + CRA (inner)
Cost 5 times of CS 3 times of CS 25 times of CS
Effect Corrosion resistant of sweet and sour service
Manufacture Seamless or UOE Metallurgically bonding Mechanical tight fitting

Note: API = American Petroleum Institute, Spec. = Specification, in = inch., CS = Carbon steel
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Table 2 Comparison of CRA pipelines (Macrae, 2008)

vpo] =z}l AA ZGl it 1 87

Classification Solid CRA Clad CRA Lined CRA
Tube : : :
Outer APl X65 Outer API X65
STS 316L
Inner STS 316L Inner STS 316L
Wall thickness Outer 9.9 Outer 99
15
(mm) Inner 3.0 Inner 3.0
Weight (kg/m) 108 93 (V 14%) 93 (V 14%)
Cost (%) 100 80 46
Note: Pipe outside diameter = 12 inch, working pressure = 150 bar
Die
Internal cladding n e
Steel outer pipe Outer Pipe
(steel Pipe)
Inner Pipe
(CRAliner)
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(@) Hot rolling method

Extruded pipe

=

=

(b) Co-extrusion method

Fig. 3 Manufacturing methods of clad seamless pipe (Palmer and
King, 2008)
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Fig. 4 Fabrication of linded pipe by hydraulic expansion method
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Fig. 9 General design procedures for offshore pipeline (Lee, 2008)
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Table 3 Details on target cases

Case 1 Case II
Type Carbon steel Solid CRA
Material (Grade) X65 (API) 531803 (UNS)
Manufacture UOE
OD (mm) 9144 (36 in)
SMYS (MPa) 448 450
SMIS (MPa) 530 620
E (GPa) 207 200
v 0.3
Design pressure (kPa) 9763

Note: S31803 = duplex stainless steel (2205) with 22% Cr plus
5% Ni, UNS = united numbering systems, OD = outer
diameter, SMYS = specified minimum yield strength,
SMIS = specified minimum tensile strength, E =
Young’s modulus, V = Poisson’s ratio

A s AEAINA o] FoAA] = vtolzei]l A NI
AAE HAFa Jnt o] FolA & dFolis & - 7k
Aakslz] A%k efjF ozl AAl T 7P 71Ee] He F
7 2ol theh FERke tFaAt g,
AAE S8l /\P‘lﬂ jJr |3 A 91L- Table 39 2]=]o] 3l
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AeEH ARETE 7 3ol wet A4k A= Table 4
oA THFAL QU
DNV AAZ= (DNV, 2012)E 7|4te g AAY vo|= F
7, A garFe] 29 oF 30.9mm, FHA WASE
9 A9 27mmrb AHAERITE ol 233 (Combined
loading)ell &J3F =5 #= Alo|2=2X T Eehd, 5 =Hl
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Aoz osll 2" FA HF A3 gl 71
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iAoz A A4 i 4Al Fa A2
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Load Controlled System check

- Coniton” "t

Local Bulking L Local Check
(Combined Loading Criteria)

Displacement
Low System Test Controlled Condition
Fig. 10 Cases of pipe wall thickness calculation (DNV, 2012)
Table 4 Wall thickness results based on DNV(2012)
Wall Thickness Calculation Scenarios Case | Case II
) . Medium 16.35 14.54
Pressure containment Operation High 1829 16.67
Burstin, ’ ’
( %) System test Low 12.35 12.29
Medium 13.18 10.22
System collapse High 1355 1059
X"nﬁ)ﬂmmess Pronamation bucklin Medium 1822 1582
opagation bucking High 18.85 1647
. System check 30.92 2272
Local buckling Load controlled condition L}éc al check 25 19.07
((:Si?;il)HEd loading Disol " trolled diti System check 15.65 15.656
splacement controtied CONAON 1 cal check 15.13 15.13
Selected wall thickness 31.75 23.8
D/t ratio 29 38
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where, ~,, = Material resistance factor
7., = Safety class resistance factor
Msy = Design moment
Ssa = Effective axial force
a, = Flow atress parameter
M,, S, = Plastic capacities
a,, = Pressure factor for combined loading criteria
P; = Interal pressure
b,
Py

External pressure

Burst pressure
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Table 5 Input data for installation analysis

Descriptions Units X65 531803
Pipe density kg/m’ 7850 7805
FBE thickness mm 0.0635 -
FBE density kg/m’ 1400
Concrete thickness mm 63.5
Concrete density kg/m’ 2243
Cutback length mm 420
FJC density kg/m’ 1345
Water depth m 21.8
Current velocity m/s 1.09
Soil friction - 0.7
Laying type - S-lay
Tensioner capacity tons 75x2 (EA)

Note: FBE = fusion-bonded epoxy, FJC = field joint coating

A7) vpolz AAH 10 1 ¥EE 2dY 9o, o= &
ao] 7] W= si4e 3 o] 2 Aot flee AT
Astolty

A7 HdAsjAE s A= Table 691 AAE DNV
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of A3 AFA AASMAA AAXNLE OE AAHA 3=
o mEhA 2 ATl s WSSl 7%= Table 64 AT
AAZIES FLsHAl A8tk

obel Fig. 12:= AAA1¢] MY ds WA 47] 22 24
H gAY mE dbojzeile AR £ B e

Tensioner models

Pipe support \
<e o _ & J

Waterline

Pipeline modeled as beam elements
Simplified structural stringer model

Seabed modeled as continuous elastic foundation
Fig. 11 Finite element model of the pipelaying system (OFFPIPE,
2013)

Table 6 Simplified criteria for pipeline installation analysis (DNV,
2012)

Von-Mises criteria Overbend Sagbend

Static analysis 0.250 % Strain 87 % of SMYS
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Table 8 Results of maximum von-Mises strain and stress by
installation analyses at overbend

Cases C (%) D (%) SE.
X65 0.25 0.168 1.49
531803 0.25 0.162 1.54
Note: C = maixmum allowable strain capacity, D = strain
demand

Table 9 Results of maximum von-Mises strain and stress by

installation analyses at sagbend

Cases C (MPa) D (MPa) SF.
X65 389.8 293.6 1.32
531803 391.5 211.8 1.85

Note: C = maximum allowable stress capacity (SMYSx0.87), D
= maximum stress demand
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(b) Case II: Solid CRA pipe
Fig. 12 Caculated tension results and pipe configuration

Table 7 Calculated tension by static installation analysis

Cases C (kN) D (kN) SF.
X65 150 120 1.25
531803 150 70 214

Note: C = tension capacity, D = tension demand, SF. = safety
factor(C/D)
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(b) Case II: Solid CRA pipe
Fig. 13 Von-Mises results (percent yield stress) and pipe configuration



92 59 - A -

4 =

B AFoAe B3 BAT ok eQERE FH AEA
90 B Zh2AARS 99 golzeiele] A AAE faE A
olsi7t H= Aol A8d volz T
olxzell FAMNA Mzt a3 AAE dho]ze] HETbsAd
# AFE YA

ISL(2011) BuAE 7]Rko 2 W4 3hao] HAl sto]azeijle]
3%(%F 2082km) 2 1 R0 A&Z FII7} oS HIAow, o]
Aol wheh Wlgs gtolazelle] sy AUl He&&
A B 7|EF5e] TS T & Uk

s Fatol el AA Yo ol A 7 718 ZIAIAEA
(Mechanical design)?! 3to] ek}l F7|(Wall thickness) -4l
ANt Tt & =(Solid) WARbE gholzelele 2835t
At ATE FY8AT

API(2004, 2006) AZHAbeel wet =Ed FA= 44
31.75mm(1.25in), 23.8mm(0.94in) ©|™, IRz H¢-5 118
AR FA A ASe AAEA HE FAAEG A
Z(OFFPIPE, 2013) & &3l olFo] Fth ¢HAAF 1.0e =
sk &8 E37) olFo] A& niges AAE dolx FA=
Zrzye] Zgg-oll vial A= e grol AgdE Aoz ATEHUT W
A3Ee A gadrno e AV AAHRAAT HFH o
2 gpolxzeiRle] A5 A oA 714 2 Al U, A
Az, LG4, FHEE 5 o] a”lo] FHste] AdEHo
2 Aot

A7t gEo], e &Y WAdEERG FAd
SHdA feEd FHE 9 BRlE B WA dtolzejl
o] YA, F£AH, o] ATE thHor FYFozn X
W Blal A7) o] Fo] Ao & Ao Alsd:
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——

K
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