1.0 INTRODUCTIOH

This MathCasid calculation sheet determine the pipeline expansion due to thermal
loading. The theory is based on that giwven in OTC paper 4067, Palwmer & Ling,
1981. Further, the pipeline in situ stresses are also considered herein.

2.0 ASSUMPTIODHS

The following assuwptions are made:

2.1y The pipeline longitudinal friction coefficient of 0.5.

2.2} The calculation is conservatively based on the maximum pipeline
and arrival temperatures.

departure

2.3Y The pipeline is laid at the bottom of the trench and does not have a

span.

3.0 MATHCAD STANDARD UHITS

QRIGIN= 1
= newton

_ 3
kEFa= 10 Pa
litre=s liter

HF = 1hp

* = deg

rew=1

KN = :LI:ISP-I

bhar = IDEPa

DD = g X m_3

HJ = ll:IEjDu}_E

"c=1

Te = tonne
_ &

MPa= 10 Pa

kanol:= II:IEmcs.L

= lDSj oule

knots = 0.514mx sec 1

4.0 PIPELIHE EZPAHSION CALCULATIOHS

4.1 Input Data

Internal pressure

Pipeline OD

Pipeline wall thickness
Corrosion allowance
Length of pipeline
Product departure temp

Product asrriwval temp

Awbient temp

Pipeline weight

Steel thermal conductivity

"E=1

ke 100" %

zFa = 1DEPa

3

barrel =0.15%5m

m= 10 SHatt
m= 1000p=i

Foxr I12"Pipeline-Operation Condition

p;=3.7HPa

OD:= 323.85mm Water density

t:= 8.8mm So0il/Pipeline friction coeff.
Cooee'= 3.0mm Poisson's ratio of steel
&= 23100m Elsstic modulus of steel
ey i=307C

T, i=25%C

T =-20,0%C

o= 1.16% 10

Water Depth

W, = 68.373kgxm 1

B oned

C

D=3 .0Om

P, = 1025kg xm 2

pooi= 0.5
0.3

207GPa




4.2 Calculations

Minitwum wall thickness  PRLELE ol Dl T L= 5.8 % e
Internsl owver pressure Pai=D;— PapexOxD by= 3.6698 x HPa

by OD
Hoop stress = 0, = 102 .4551 = HPa

2 (tE)
FPipe Internal Diameter ID:= 00— 2%, ID= 312 .25 » nm
Area of steel L oi=mx (DD i t,z:) g o i, = 5785.2646x e

(oD -2 x t2)2 4
Internal area of pipeline 4&,=mx L;=76576.37 x mm
4

Friction force per metre fi=px W, g f=335.255xNxm ©

4.2.1 Temperature FProfile

&= 0m, 20m.. L 0y = Tasp — Taie B,= 10% “C
7 = =i
' ~(~81+ Taep — Taxs) T W= 33326.2554m
1n Bil) =8;xe

B




Temperature Profile

(deg C)

Tenpersature

o 1x10° 10"

Length (m)

L
§(0m) + T, .= 30x%x°C a(?]+1‘m= 27.0711% °C O (L} + T p=25x% °C

Determine whether pipeline is long or short, by tinding strain at midpoint:

1 Lyxp;
Pressure strain &, R | W g, = 0.0001
E A
~h
T . . 25 h
emperature strain g =oxx|18; x e gp=0.0001
.. _ L 1
Frictional strain ESPE T i e £y = 0.0032
Ex A&,
Strain at midpoint gyi=& +&p-&; gy=—-0.0031

If strain (&) is > 0 the anchor point is at the midpoint, if the strain is <

0 then the location of the two anchor point must be found.




2.2.2 Shoxrkt PiE

Expansion of pipe at hot end

L
—X
1 A; xp; f=x %
A= _— — X oy | - +xxByxe ddx A ==16.4956m
E i, 3
0
Expansion of pipe at cold end
L
—X
1 Aixp £ [L— x) %
Ly = —_ — VRO, | -+t B = e dx By =-16.8273m
E A A,
L
P
2.2.3 Long Pipe
x=0.3xL -
1
Given =?}: Aixp; - A x|Pxo, - Exmx |8 xe

Length to anchor point at hot end Fig s
= SThx L
1
Fiven H==w|A w |V oy— Exmex
T
Length to snchor point at cold end L=

Expansion of pipe at hot end
Lﬂ.
i 1 Aoxp; N et 4
= —_— | | —— Ty | -
al E A, h 3
0
Expanzion of nine at cold end

+ouxb;xe

L

if > 0 L= 720.0125m

2
Find(x) otherwise
{ -x

A

kele - A, xp;+ExL

L

it g0 Ly = 22575.360:

2
Find(x)] otherwise

dx A, =0.0733m




i A;xpy
D= —_—
b1 E L

4.2.9 Results

L

L otherwise

a

L,= 720.0128m

as

iy otherwise

al

A, = 7333 x mm

fx (L— =)

=X
+mx @ xe 4 dx
L

L, otherwise

Lg=225375.3603 m

Py, otherwise

Ae = 3B.219 x

Ly =-0.0382m



.&L[LL) =

&(LT) =

=X
1 Lixpy fxx L
= — x| | x| - +xB;xe dxak. .  Gif Tigs—
E L, L 2
0
L
—X
1 Ayxpy fx (L-X)
=, — || ——————vx g, | - —————————— |+ mx B % e dx+ 4y, otherwise
E A A
Ls
.ﬂLL
- X
1 Aixpy fxx
= — ¥ || oy | - +xxB;xe dx+ A, 1f Ly 2L,
E a_ =
* 0
rL
—X
1 Lixp; fux (L-%)
- — | | —— T, | = —— e OB dx+ fyy  1f Ly 2 Ly
E A A
-'LL
Om otherwise
fg(lg) if 6420

ﬂL(LT) otherwise




Total Accumulated Expanzion |nm)

ol

60

40

20

Pipeline Expansion over Length

10

Length {km)

20




