
Journal of Ocean, Mechanical and Aerospace  
-Science and Engineering- Vol.1 

November 20, 2013 

 
 

8 Published by International Society of Ocean, Mechanical and Aerospace Scientists and Engineers 

 

Behavior of Subsea Pipelines Expansion under High Pressure 
and Temperature Design 

 
 

Abdul Khair Junaidi,a,*, Efi Afrizal,b and Dodi Sofyan Arif,b 

a)Pipeline and Subsea System Engineering, Ocean and Aerospace Engineering Research Institute, Indonesia 
b)Mechanical Engineering, Universitas Riau, Indonesia 
 
*Corresponding author: junaidiperu@yahoo.com 

 
 
 
 
Paper History 
 
Received: 10-November-2013 
Received in revised form:  20-November-2013 
Accepted: 22-November-2013 
 
 
ABSTRACT 
 
In offshore operation, Crude oil is transported by means of 
pipeline system from oil well to platform at High Pressure and 
High Temperature. The pipeline will experience expansion and 
multi stresses due to internal pressure and operating temperature 
that the material properties of pipe tend to deformation which 
affect to the durability of pipeline. This phenomenon should be 
considered in the design process of pipeline and to estimate the 
expansion is under limit of pipeline strength otherwise the 
pipeline will be failure cause of catastrophic. 
 
KEY WORDS: Pipeline Expansion; High Pressure; High 
Temperature; Axial Force. 
 
 
NOMENCLATURE 
API American Petroleum Institute 
Δܶ Temperature Difference in and out 
 Thermal Expansion ்ܨ
 ஺ Anchor Lengthܮ
Δܮ Expansion 
 ௉ Pressure Forceܨ
 ி Friction Forceܨ
 ௦ௗ Design Compressive Strainߝ
 ௖ Critical Strainߝ
 

1.0 INTRODUCTION 
 
Increasing of pipeline trend to deep water will compel operating 
condition at high pressure and temperature. in this circumstances, 
the pipeline construction challenges will move into strain base 
design using the lateral buckling design approach. Strain-based 
design allows the pipelines expand laterally at designated location 
to relieve thermal expansion rather than being restrained. the 
lateral buckling design requires the correct initiation method to 
provide low critical buckling forces at the designated location. 
The main issues of offshore pipeline operations are expansion 
induce movement due to internal pressure and high temperature. 
The operation of High Pressure High Temperature (HPHT) 
pipelines are susceptible to move such as lateral buckling and 
axial creeping. There is some interaction in the movement of 
pipelines between pipe and seabed soil or other connection that is 
always to be a problem in the design pipeline moreover the 
complexities of pipeline interaction to the extreme seabed 
condition. Understanding and solving, the pipeline embedment to 
estimate the reliable pipe soil interaction on the HPHT pipeline is 
to be crucial aspect in the implementation of the pipeline design 
in deep water. 
 
 
2.0 MECHANICAL PROPERTIES OF PIPE 
 
The grade designation comes from API Spec 5L specification for 
pipeline. Stronger grades have designation X followed by the 
specified minimum yield strength of the pipe steel.  Table 2.1 
shows the SMYS (Specific Minimum Yield Strength) and SMTS 
(Specific Minimum Tensile Strength) of pipeline based on the 
material grade.  
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Table.1 SMYS and SMTS 

API Grade SMYS SMTS 
MPa MPa 

X42 289 413 
X46 317 434 
X52 358 455 
X56 386 489
X60 413 517 
X65 448 530 
X70 482 565 
X80 551 620 

 
 
2.1 Strain by DNV Regulation 
 
௦ௗߝ ൑ ோௗߝ  ൌ  ఌ೎ሺ௧మ,௣೘೔೙ି௣೐ሻ

ఊഄ
                                                         (1) 

 
where,  
 ௦ௗ = design compressive strainߝ
,ଶݐ௖ሺߝ                                                 ௠௜௡ሻ݌
                                                                                                 
௘݌ ൌ 0.78 ቀ ௧

஽
െ 0.01ቁ . ቀ1 ൅ 5.75 . ௣೘೔೙ ି ௣೐

௣್ሺ௧ሻ ቁ . ௛ߙ
ିଵ.ହ.  ௚௪          (2)ߙ

 ௠௜௡  = minimum internal pressure݌
 (3)                                                         .݄݃ߩ ,௘= external pressure݌
                                                                           
α୦=ሺR౪ బ.ఱ

Rౣ
ሻ୫ୟ୶                                                                               (4) 

                                                                                      
ሺR౪ బ.ఱ

Rౣ
ሻ୫ୟ୶ = 0.93 

 
 
3.0 PRINCIPLE THEORY 
3.1 Axial Force 
a) Pressure Force Expansion 

௉ଵܨ ൌ ௜ሾ 1ܣܲ െ ଶజሺ஽ି௧ሻ
ሺ஽ିଶ௧ሻ ሿ                                                             (5) 

b) Friction Force 

ிଵܨ ൌ ݂ ௌܹݔଵ                                                                               (6) 

 
3.2 Exponential Temperature End Expansion Theory 
a) Thermal Expansion Force 

ଵ்ܨ ൌ  ଵሻ                                                                    (7)ݔΔܶሺߙௌܣܧ

Δܶሺݔଵሻ ൌ  Δ ଵܶ exp ቀെ
ଵݔ

ߣ
ቁ 

Combine equation, thermal expansion force become: 

ଵ்ܨ ൌ Δ ߙௌܣܧ ଵܶ exp ቀെ ௫భ

ఒ
ቁ                                                       (8) 

b) Anchor length (long pipe) 

௜ܣܲ ቂ 1 െ  ଶజሺ஽ି௧ሻ
ሺ஽ିଶ௧ሻ

ቃ ൅ Δߙௌܣܧ  ଶܶ exp൫ಽಲమ
ഊ ൯ ൌ  ݂ ௌܹܮ஺ଶ                 (9) 

c) Anchor length (short pipe) 

஺ଵܮ ൌ ሺܣܧௌߙ ቂΔ ଵܶ exp ቀି௅ಲభ

ఒ
ቁ െ Δ ଶܶ exp ቄ௅೅ି௅ಲభ

ఒ
ቅቃ ൅

݂ ௌ்ܹܮሻ/ሺ2݂ ௦ܹሻ                                                                       (10) 

d) Expansion 

ଵܮ∆ ൌ   ௅ಲభ

ா஺ೄ
ቀܨ௉ଵ െ  ௙ௐೄ௅ಲభ

ଶ
ቁ ൅ Δߣߙ  ଵܶሾ 1 െ exp ቀെ ௅ಲభ

ఒ
ቁ          (11) 

 
3.3 Linear Temperature End Expansion Theory 

a) Thermal Expansion Force (F T1): 

ଵ்ܨ ൌ Δߙௌܣܧ ଵܶ ൅ EASαMଵܮ஺ଵ                                                (12) 

b) Anchor length (long pipe) 

஺ଵܮ ൌ
௉஺೔ቂଵିమഌሺವష೟ሻ

ሺವషమ೟ሻ ቃାா஺ೄఈ୼ భ்

௙ௐೞିா஺ೞఈெభ
                                                      (13) 

c) Anchor length (short pipe) 

ሺ2ܮ஺ଵ െ ሻ்ܮ ൌ  ா஺ೄఈሺ୼ భ்ି୼ మ்ሻ
௙ௐೄିா஺ೄఈெభ

                                                   (14) 

d) End expansion 

Δܮଵ ൌ
஺ଵܮ

ௌܣܧ
൤ܨ௉ଵ ൅ Δߙௌܣܧ ଵܶ ൅

஺ଵܮ

2
ሺܣܧௌܯߙଵ െ     ݂ ௌܹሻ൨ 

                                                                                                   (15) 

3.4 Uniform Temperature End Expansion Theory 
a) Thermal expansion force      

்ܨ ൌ  Δܶ                                                                           (16)ߙௌܣܧ

b) Anchor length (long pipe) 

஺ܮ ൌ
ሾ௉஺೔ቂଵିమഌሺವష೟ሻ

ሺವషమ೟ሻ ቃାா஺ೄఈ୼்ሿ

ሺ௙ௐೞሻ
                                                       (17) 

 c) Anchor length (short pipe) 

஺ܮ ൌ ௅೅

ଶ
                                                                                      (18) 

d) End Expansion 

Δܮ ൌ  ௅ಲ

ா஺ೄ
ሾܨ௉ ൅ Δܶߙௌܣܧ െ ௙ௐೄ௅ಲ

ଶ
ሿ                                         (19) 

 
3.5 Design Burst Pressure 

௧ܲ  ൑ ௗ݂. ௘݂ . ௧݂ . ௕ܲ 
ௗܲ  ൑ 0.80 ௧ܲ 
௔ܲ  ൑ 0.90 ௧ܲ 
ௗ݂= internal pressure burst design factor, 0.90 for pipeline and 

0.75 for riser 
௘݂= weld joint factor 
௧݂= Temperature, derating factor, 1.0 for temperature less than 

121 0C. 
௕ܲ=Specified Minimum Burst Pressure  
ௗܲ=Pipeline Design pressure 
௧ܲ= Hydrostatic test pressure 

௕ܲ ൌ 0.90ሺܻܵܵܯ ൅ ሻሺܵܶܯܵ
ݐ

ܦ െ  ሻݐ

where, D = outside diameter note the formula for the burst 
pressure are for ݐ/ܦ ൌ  15 
Substituting the pressure test: 
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ௗܲ ൌ൑ 0.80 ௗ݂ ௘݂ ௧݂ ௕ܲ ௗܲ ൌ൑ 0.80 ௗ݂ ௘݂ ௧݂0.90ሺܻܵܵܯ ൅
ሻሺܵܶܯܵ ௧

஽ି௧
ሻ                                                                              (20) 

 
3.6 Allowable Pressure 
Allowable external pressure of subsea pipeline: 
 

௔ܲ௟௟௢௪ ൌ ଶா
ଷሺଵି௩మሻ

ሺݐ ⁄ܦ ሻଷ                                                            (21) 
 
where, ܧ  = modulus elasticity, ݐ  = thickness, ܦ = outside 
diameter, ݒ= poisson’s ration 
 

If the allowable external pressure is smaller than the design 
external pressure, either the pipe thickness is increased or 
stiffening rings are applied to increase the allowable pressure. 
When the un-stiffened pipe segment is short, the buckling may 
occur with two or more lobes depending on the diameter, 
thickness, and length. 
The allowable compressive stress: 
 
ܵ௔௟௟௢௪௔௕௟௘ ൌ ଴.ଵଶହ

ଶ
ݐሺܧ ܴ⁄ ሻ                                                         (22) 

 
R= outside radius 
 

3.7 Hoop Stress 
௛ߪ ൌ ሺ ௜ܲ െ ௘ܲሻ ஽ି௧

ଶ௧
 ൑ ܻܵܯሺܵߟ െ ௬݂.௧௘௠௣ሻ                              (23) 

 
௬݂.௧௘௠௣ ൌ Derating value due to Temperature 

 
ൌ usage factor     ଶఈೠ ߟ

√ଷ.ఊ೘.ఊೞ೎.ఊ೔೙೎
 

 
 ௨ൌ material strength factorߙ
 ௠ൌ material resistance factorߛ
 ௦௖ൌ safety class factorߛ
 ௜௡௖ൌ incidental to design pressure ratioߛ
 

 

4.0 SIMULATION AND DISCUSSION 
4.1 Operating Data 

Table.2 Pipe Data 

PIPE DATA 
Outside Diameter (mm) 762  
Corrosion Coating Thickness (mm) 5  
Concrete Coating Thickness (mm) 40  
Pipe Density ሺkg/mଷ) 7850  
Corrosion Coating Density ሺkg/mଷ) 1280 
Concrete Coating Density ሺkg/mଷ) 3040 
Young modulus  2.07x10^11 
Thermal Coefficient 1.17x10^-5 
Poisson Ratio 0.3 
Overall pipeline length (m) 27.00  

 
 

Table.3 Environment Condition 

 
Table.4 Operating Condition 

Operating Condition 

Internal Pressure 9.38 MPa 

Outlet Temperature 270C 

Inlet Temperature 550C 

 

Table.5 End Expansion 

Pipeline Case 

End Expansion 
Programming 

Results 

End Expansion 
site results 

Inlet 
(m) 

Outlet 
(m) 

Inlet 
(m) 

Outlet 
(m) 

Exponential 
temperature-long pipe 2.2781 0.4801 2.2781 0.4802 

Exponential 
temperature-short pipe 0.1403 0.0465 0.1403 0.0465 

Linear temperature-long 
pipe 0.4126 0.0558 0.4126 0.0558 

Linear temperature-
short pipe 0.6014 0.1324 0.6015 0.1324 

Uniform temperature-
long pipe 0.1859 0.1859 0.1860 0.1860 

Uniform temperature-
short pipe 0.8144 0.8144 0.8145 0.8145 

 
Comparison between simulation results and company data 

shows that the small different value about 0.02 % from actual 
value. The different come from round off decimal number to 
nearest value. Figure.1 shows the inlet region has greater 
expansion compare to outlet region. This program identifies the 
limit of pipeline pressure and strain design complies with the 
DNV regulation. Strain design should be lower than rule strain. In 
the design of pipeline, strain will not be the concern problem to 
comply with DNV regulation but it can effect to fixed riser 
fatigue. Stress and strain Criteria tested by this programming in 
line with DNV regulation in which no specific formula for 
calculation of end expansion. The length of pipeline expansions 
can be determined to consider the mode of buckling but the 
magnitude of displacement will be estimated based on the value 
of pipeline end expansion.  

The parameter of pipeline design will be set in this 
programming such as stress, strain and pressure to remind the 
designer that the conditions are either under limit or exceed the 
limit of pipeline strength. 

Comparing empirical formula and DNV regulation in this 
programming showed that empirical formula only used the 

Environment Condition 

Sea Water Density 1025  kg/m3 

Friction Factor 0.4 

Seabed Temperature 210C 
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