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ABSTRACT

Design is the first and foremost important part of any cross country pipeline project.
Since all most all cross country pipelines handle wide range of hydrocarbon fluid ranging
from lightest natural gas to heaviest crude oil. To transport such hydrocarbon. we need to
operate the pipeline at high pressures and temperatures. To withstand such critical
condition. pipeline shall be designed to handle such pressure and temperature under high
storm condition. The internal stresses are setup due to both internal and external pressure.

high temperature, and large bending stresses due to laying operation.

This project is concerned with the design of cross country pipeline. It focuses on the
fundamentals of pipe wall thickness and on bottom stability analysis of a 48" crude oil

line and 147 and 24™ product line between two fixed platforms in a given offshore field.
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Chapter 1

Overview to Subsea System

1.1 General

Pipelines (and risers) are used for a number of purposes in the development of
offshore hydrocarbon resources (see Figure L1). These include e.g.:

a. Export (transportation) pipelines:

b. Flow lines to transfer product from a platform to export lines:

c. Water injection or chemical injection flow lines ;

d. Flow lines to transfer product between platforms. subsea manifolds and satellite

wells;

o

Pipeline bundles.

The design process for each type of lines in general terms is the same. [t is this
general design approach that will be discussed in this book. Design of metallic risers is
similar to pipeline design. although different analysis tools and design criteria are
applied.

Marine pipelines for the transportation of oil and gas have become a safe and reliable
part of the expanding infrastructure put in place for the development of the valuable
resources below the world's seas and oceans. The design of these pipelines is a relatively
young technology and involves a relatively small body of specialist engineers and
researchers worldwide. An aspect of the marine pipeline industry. rarely understood by
those engineers working in land based design and construction, is the more critical need
for a 'right first time' approach in light of the expense and complexity of the materials and
the installation facilities involved, and the inability to simply 'go back and fix it' after the
fact when your pipeline is sitting in water depths well beyond diver depth and only
accessible by robotic systems. Money spent on good engineering up front is money well -
spent indeed and again a specific fit for purpose modern approach is central to the best in

class engineering practice requisite for this right first time philosophy.



It is well recognized that the natural gas resources in the world's ocean are gaining
increasing importance as an energy sowrce to help fuel world economic growth in the
established and emerging cconomies alike. Pipelines carry  a special role in the
development and production of gas reserves since. at this point in time. they provide one
of the most reliable means for transportation given that fewer options are available than
for the movement of hvdrocarbon liquids. Add to this the growing need o provide major
transportation infrastructure between gas producing regions and countries wishing to
import gas. and future oil transmission systems. then the requirement for new oftshore
pipelines appears to be set for several vears to come. LEven today. plans for pipeline
transportation infrastructure are in development for regions with more hostile
environments and deeper waters than would have been thought achievable even ten years

ago.

Pipelines are used for a number of purposes in the development of offshore hydrocarbon

resources (see Figure). These include e.g.:

a. Export (transportation) pipelines.

b. Pipeline bundles.

c. Flow lines to transfer product from a platform to export lines.
d. Water injection or chemical injection Flow lines.

e. Flow lines to transfer product between platforms.
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1.2 Technical Terminology

(W5

Offshore: Offshore is the area seaward of the established coastline that is in
direct contact with the open sea.

Pipeline: A Pipeline is a primarily horizontal pipe lying on. near or beneath the
seabed. normally used for the transportation of hydrocarbon products.

Pipeline System: A Pipeline System is an integrated set of sub-sea flow lines
and pipelines including pertinent instrumentation. foundations. coatings. anchors.
etc.

Riser: A Riser is a conducting pipe connecting sub-sea wellheads, templates or
pipelines to equipment located on a buoyant or fixed offshore structure.

Riser Clamp: Riser is supported/guided from the jacket members through
clamps. '
MAOP: The Maximum Allowable Operating Pressure is defined as the Design
Pressure less the positive tolerance of the pressure regulation system.

Hoop Stress: Hoop stress is normal stress acting in the circumferential

direction.
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13.

14.

19.

20.

21.

Longitudinal Stress: It is a normal stress acting parallel 1o pipe axis.

Alignment Sheet: Drawing showing a section of pipeline ( in plan and profile).
incorporating seabed features as well as physical pipeline properties and
installation parameters.

Buckle: Deformation of pipeline as a result of local actions or stability failure of’
the pipe section due to external pressure. possibly in combination with bending.
The buckling may lead to water entering the pipeline (wet buckle) or not (dry
buckle).

Collapse: Deformation of a pipeline due to a distributed load. particularly

external pressure.

. Design Pressure: Maximum internal pressure occurring in the pipeline during

normal operation. referred to a specific reference height.

Hydrotesting: Short for hydrostatic testing, whereby the strength and tightness
of a pipeline section is documented by flooding with water and pressurizing.
Incidental Pressure: Maximum internal pressure that can occur in the pipeline

during operation. referred to the same reference height as the design pressure.

. Internal Pressure: Pressure of the flowing fluid inside the pipe is called as

internal pressure. may be gauge pressure or absolute pressure.

. External Pressure: Pressure (immediately) outside the pipe line is called as

external pressure i.e.. hydrostatic pressure of water column.

. Over Pressure: Difference between internal and external pressure is called as

over pressure.

. Initiation Pressure: External over pressure required initiating a propagating

buckle from an existing local buckle or dent is called as initiation pressure.
Propagation Pressure: External over pressure required to propagate a buckle
that has been initiated (at a higher pressure) is called as propagation pressure.
Restrained Lines:  Pipelines which cannot expand or contract in the
longitudinal direction due to fixed supports or friction between the pipe and soil.
Unrestrained Lines: Pipelines without substantial axial restraint. (Maximum

one fixed support and no substantial friction).
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26.

27.

28.

29.

30.

33.

. Location Class: DNV classification  of  pipelines  based on  [ailure

consequences due to location. Location Class 2 are arcas (near platforms or

landfalls) with frequent human activity. Location Class 1 is everswhere else.

. Maximum Wave Height: Maximum height of waves in a sca state. measured as

the vertical distances between succeeding wave troughs and wave crests.

. Operating Pressure: Internal pressure at which the pipe is normally operated.

. Ovality: Difference from a circle of the pipe cross-sectional geometry. usually

arising from the fabrication process or as a result of bending. The ovality may be
measured in percentage terms or as the difference between maximum and
minimum diameters. Also referred to as out-of-roundness.

Pre Commissioning: Activities (e.g. cleaning. de-watering. drying) which are
required before a pipeline can be taken into operation (commissioned).

Pressure Surge: Increase in pipeline pressure following a flow incident. A
sudden valve closure or a decreasing pump outlet will result in a pressure surge
Propagation Buckling: Collapse of a large section of a pipeline (propagation
buckling). due to external pressure following local buckling.

Suspended Length: Length of the pipeline without contact with sea bottom or
other support is called as suspended length.

Nominal Wall Thickness: The pipe wall thickness that is specified for supply

of pipes is called as nominal wall thickness.

. Submerged Zone: Submerged zone is meant the region below the splash zone

including sea water. sea bottom, and buried or mud zone.

. Subsea Manifold: The component to which the well fluid passed in order to

move further in a single pipeline.

Yield Strength: Qualitatively this is the lowest strength where plastic strain that
is permanent dominates over elastic strain that disappears as the loading is
removed. For pipeline materials, standards specify the measurement of yield
strength as the strength at a strain of 0.005 (0.5%) under specified conditions.

Other materials may use other definitions of yield strength.



34, Tensile Strength:  Qualitatively this is the peak strength of the material. For
pipelines materials. standards specify the measurement of tensile strength as the
largest strength during the test under specified conditions.

35. Mechanieal Strain:  Mechanical strain is strain created by force or moments
currently acting or previously acting on a material.

36. Thermal Strain: Thermal strain is strain induced by a change of temperature. It
is not mechanical strain. as it is induced without the action of forces. Thermal
strain may induce forces and thus mechanical strain when displacement is
restricted or prevented.

37. Well Head: The structure above the well is called as well head.

38. Christmas Tree: It is a mechanical component above the well or on the
platform to reduce the pressure of the well fluid. 1t consists of series of valve

arrangements.



Chapter 2

Theory of Subsea Pipelines

2.1 Introduction

Design of Subsea pipeline mainly concerts with selection ol appropriate wall thickness and
check in conjunction with the hydrostatic collapse)propagalion buckling. Wall thickness selection
is one of the most important and fundamental tasks in design of offshore pipelines. While this
task involves many technical aspects related to different design scenarios. primary design loads

relevant to the containment of the internal pressure are as follows:

a. the differential pressure loads

b. longitudinal functional loads

¢. external impact loads

The current design practice is to limit the hoop stress for design against the differemial
pressure, and to limit the equivalent stress for design against combined loads. This practice has
proved to be very safe in general. except when external impact loads are critical 1o the integrity of
the pipeline. Nevertheless. this practice has been used by the pipeline industry for decades with
Iiitle change, despite significant improvements and developments in the pipeline technology see
Sotberg and Bruschi (1992) and Verley et al. (1994),

Considering the precise design and effective quality and operational control achieved by
modern industry, and with the availability of new materials, it has been realized that there is a
need to rationalize the wall thickness sizing practice for a safe and cost-effective design, see Jiao
et al. (1996). New design codes provide guidance on application of high strength and new

materials, as well as design of high pressure and high temperature pipelines.

2.2 Design Stages and Design Codes
There are typically three phases in offshore pipeline designs: conceptual study (or Pre-FEED:

front end engineering & design), preliminary design (or FEED). and detail engineering.



a. Conceptual study (Pre-FEED) - defines technical feasibility. system constraints.

required information for design and construction. rough schedule and cost estimate

b. Preliminary design (FEED) — defines pipe size and grade to order pipes and prepares

permit applications.

c. Detail engineering — defines detail technical input to prepare procurement and

construction tendering.

The pipeline design procedures may vary depending on the design phases above. Tables 2.1

and 2.2 show a flowchart for preliminary design phase and detail engineering phase. respectively.

Design basis is an on-going document 1o be updated as needed as the project proceeds. especially

in conceptual and preliminary design phases. The design basis should contain:

a.

b.

Pipe Size

Design Pressure (@ wellhead or platform deck)
Design Temperature

Pressure and Temperature Profile

Max/Min Water Depth

Corrosion Allowance

Required overall heat transfer coefticient (OHTC) Value
Design Code (ASME. API, or DNV)
Installation Method (S. J. Reel, or Tow)

Met ocean Data

Soil Data

Design Life, etc.



Scope of Witk

Design 3Sasis

| Hazard Suriey .
- | Flow Assurance

S Pernut L’

Table 2.1

Raoute Selection

Pipe Matenal
Selection

Pipe WT
Determination

Pipe Coating
Selection

Thermal
Expansion

On-bottom
Stability

Free Span

Cathodic
Protection

Tie-ins and Shore

Approach

]

\‘\{ Installation Check J/

Prefiminary Cost
Estimate

Prelininary Design
Drawings

Procurement Long
Lead tems

PRELIMINARY DESIGN FLOWCHART




I Scope of Work l
A 4 .
Design Basis l

i

L 4

Route Survey N
!

-

J¥‘—’ N
~1 Flow Assurance

Route Selection

Metallurgy &
Welding Study

Pipe WT and
|  Grade Check

Pipe Coating
Selection

Thermal
Expansion

On-bottom
Stability

—-l Free Span

Cathodic
Protection

| | Tie-ins and Shore
Approach

Table 2.2

| Installation Check

A

Material/Construction
Specifications

Construction
Drawings

Procurement &
Construction Support

DETAIL ENGINEERING FLOWCHART
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The following international codes. standards. and regulations arc used for the design of offshore

pipelines and risers.

11




Chapter 3

Pipeline Design |

3.1 Pipeline Wall Thickness Design

For a specified carbon steel grade (SMYS). the pipeline wall thickness is primarily selected
on considerations of following.

a. Allowable hoop stress

b. Pipe collapse & propagation buckling

¢. Corrosion allowances (internal and external)

The selected pipe wall thickness must also satisfy the following:

a. Buckle initiation and propagation.

b. Local buckling analysis

c. Allowable pipe stress limits during pipeline installation. operation and hydrostatic
pressure etc.

d. On-bottom pipe stability requirements.

e. Fatigue analysis, if required.

3.2 Pressure Containment (hoop stress) Design
The hoop stress criterion limits the characteristic tensile hoop stress, 6, , due 1o a pressure

differential between internal and external pressures.

The design pressure used in the analysis is based upon the maximum operating pressure
occurring at any point in the pipeline system. The maximum pressure will be limited by pump

capacity or reservoir pressure and determined during a hydraulic analysis of the system.

One < F,xSMYSxk, 3.

12



Where.

. = Design usage factor. See Table 3.1,
SMYS = Specified Minimum Yield Strength.

K, = Material temperature derating tactor.

The hoop stress equation is commonly expressed in the following simple form:
Cho = (Pi-P)xD/(2x1) (3.2)
Where.

P, = Pipeline internal pressure.
P, = Pipeline external pressure.
= External Diameter.

t = Pipeline wall thickness.
Do |
Di i

!

Figure 3.1 Hoop stress in pipeline

The usage factor F , which is to be applied in the hoop stress formulae is specified by the
application design code and the zone or classification of the pipeline for submarine pipelines the

code requirements governing design usage factor are summarized in the following table 3.1

13




Table 3.1 Usage Factor For Internal Pressure

Usage factor (F )

Design Code Riser | Linepipe
Det Norske Veritas. DNV 81 0.5* 0.72%
Institute of petroleum. IP6 0.6 0.72
ANSIVASME 31.4 & 49 CFR195 0.6 0.72
ANSI/ASME 31.8 & 49 CFR192 0.5# 0.72#
British Standard 8010. Part 3 0.6 0.72

Note:

e DNV 1981 specifies the riser (zone 2) as the part of the pipeline less than 500 m from

any platform or building and the pipeline (zone 1) as the part of the pipeline greater

than 500m from any platform building.

Furthermore. definition of diameter and thickness used in Eq. (3.2) varies between the

codes, see Table 3.2. In recent codes. such as NPD (1990) and BS 8010 (1993). the minimum

wall thickness is used rather than the nominal wall thickness while the usage factor remains

unchanged. This may result in a considerably higher steel cost. indicating such codes are

relatively more conservative despite of the significant improvements and developments in

pipeline technology.

14



Table 3.2 Characteristic Thicknesses And Diameter Used In Various Pipeline Codes.

Code Thickness | Diameter

DNV (1981) Minimum | External

BS 8010(1993) Minimum IExternal close to mean tor DA<20
ABS (2000) Minimum Mean

ASME B31.1(1951) | Minimum External-0.8tmin

ASME B31.3(1993) | Minimum External. Mean or External-0.8tmin

ASME B31.4(1992) | Nominal External

ASME B31.8(1992) | Nominal External

NPD (1990) Minimum | External

The primary requirement of the pipe wall-thickness selection is to sustain stresses for
pressure containment. The tensile hoop stress is due to the difference between internal and
external pressure as shown in figure 3.1, and is not to exceed the permissible value as given by
the following hoop stress criterion. combining the equation 3.1 and 3.2 we get:

The nominal pipe wall thickness t is calculated from equation:

teq = [(Piaper - Peso) D2 x F , x SMYSx k, )] + CA (3.3)
Where.

Pioper = internal design operating pressure, N/mm?

Pesw = external hydrostatic pressure during operation condition based on

minimum water depth, N/mm?
= (dmin + doss) XpPpw X8 / 106
doin = minimum sea water depth, m

doss = storm surge-operating condition, m

15



Pu = density of sea water. kg/m’

D = nominal pipe outside diameter. mm
SMYS = Specified Minimum Yield Strength of pipe material. N/mm?

CA = (internal) Corrosion Allowance on the pipe wall thickness. mm
The nominal pipeline thickness of pipeline is selected from the standard APL 31 line

specification.

3.3 Pipe Stresses

The pipeline stresses will be evaluated for the following design conditions:

a. installation
b. operating
c. hydro test

For each design condition, the following pipe stresses will be calculated to confirm compliance to
Design Specification:

a. hoop stress

b. longitudinal stress

¢. Von Mises equivalent stress

3.3.1 Hoop Stress

The circumferential hoop stress o H. in the pipe is given by:

6. = (Pi— P,) x D/(2¢) 3.5)
P; = Pipeline internal pressure.
P. = Pipeline external pressure.

= External Diameter.

t = Pipeline wall thickness to be considered during calculation of hoop stress,
= toper = thom— CA (Operation condition)

= tint = toom (Installation condition)

16



3.3.2  Longitudinal Stress
A pipeline in operation carries longitudinal stress as well as hoop stress. Longitudinal

stresses arise primarily from two effects. Poisson’s effect and temperature.

Poisson’s effects: a bar of metal loaded in tension extends in the tension direction and contacts
transversely. If transverse contraction is prevented. a transverse tensile stress will set up. and
internal pressure will induces circumferential tensile stress. It there were only circumferential
stress and no longitudinal stress. the pipe would extend circumferentially (so that its diameter
increase) but would contract longitudinally (so that it would get shorter). If friction against the
seabed or attachment to fixed objects such as platform prevents longitudinal contraction. a

longitudinal tensile stress occurs.

The second effect that tends to introduce longitudinal stress is temperature. If the
temperatures of a pipeline is increased and if the pipeline is free to expand in all directions. it
expands both circumferentially and axially. Circumferential expansion is usually completely
unconstrained. but longitudinal expansion is constrained by seabed friction and attachments. If

follows that if expansion is prevented, a longitudinal compressive stress will be induced in the

pipe.

a. Restrained Section

For restrained sections (if applicable) of a pipeline. the longitudinal stress is not statically
determinate but depends on the extent to which longitudinal movement is constrained. If it is
complete axial constraint i.e.. £ =0. Then longitudinal stress due to internal design pressure,

Thermal stress and bending stress due to pipe laying operation is given by:

o) = +vay, . - Ea (T3-T)) £ ED/2R (3.5)
Where,

o = linear coefficient of thermal expansion of steel. 1/°C

T, = Virtual anchor point temperature (during operation condition). ® C
or

= maximum seawater temp (during hydro testing condition).° C

(¥

T = minimum ambient seawater temperature. degrees centigrade

17



b.  Unrestrained Section
A difterent situation occurs in unrestrained sections of a pipetine. both circumferential stress
and the longitudinal stress are statically determinate. and the longitudinal stress due to internal

design pressure and bending stress due to pipe lay ing operation is given by:

6,=0.5 o,,.+ ED/2R (3.6)
Where.
R = radius of curvature considered for wall thickness and stress calculations.
E = Young's modulus, N/mm*
D = nominal pipe outside diameter. mm

3.3.3 [Equivalent Stress

The pipe wall is in a state of biaxial stress. with both circumferential and longitudinal
stress components. Strictly. in fact. the state of stress is triaxial. The third principal stress in the
radial direction changes from (-internal pressure) at the inside to (-external pressure) at the
outside. The third principal stress is usually ignored. and this is consistent with the thin-walled

shell idealization.

When tangential shear stress is ignored. the Von Mises equivalent ‘stress o, according to
Von Mises Theory: The failure or yielding occurs at a point in a member when the distortion
strain energy (shear strain energy) per unit volume in a biaxial stress system reaches the limiting
distortion energy (i.e.. distortion energy at yield point) per unit volume as determined from a

simple tension test. Mathematically the max distortion energy theory for yielding is expressed as:

6. = (Gho? + G - GoOL) * (3.7

DNV specify a limit of 72 percent SMYS for the equivalent stress.

3.4 Pipe Collapse
A large external pressure tends to make a pipeline ovalize (take on an oval shape because the
pipe loses it stiffness due to plastic hinge mechanism formation at the onset of local buckling)

refer figure 3.2 and collapse. A perfectly round pipeline loaded by a steadily increasing internal

18



pressure would remain circular until the pressure reached the Elastic buckling pressure (I-lastic
critical pressure). And the pipeline would suddenly collapse. For most marine pipeline elastic
buckling pressure is quite high. Circumferential pressure vield is possible. but elastic collapse

occurs lirst expect for very tick pipeline.

Reel pipeline are not perfectly circular but are always out-of-round to some extent. When an
out-of-round pipeline is subject to external pressure. the out-of-roundness progressively increases
and becomes very large at the pressure give by the equation 3.8 betore the elastic critical pressure
reached the combination of hoop and circumterential bending stress reaches vield. beyond that

the pressure can only increase slightly before collapse occurs

Figure 3.2 Ovality of pipe cross section

For a pipe with out-of-roundness. the limiting external hydrostatic collapse pressure P is given
by:
o | S g [y Roll )l SIS LR g
" ) " (3.8)
Where,
SMYS = Specified Minimum Yield strength, N/mm?
tc = corroded pipe wall thickness. mm
= tint = toom (Installation condition)
= lopr = taom—CA  (operation condition)
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R = pipe mean radiis. mm

= (D-1c)/2
P, = Elastic buckling pressure. N/mm?
= E(t/R,)7/4 (1-3).
U = pipe out-of-roundness. Percent
E = modulus of elasticity of pipe steel. N/mm?
v = Poisson's ratio for steel

The value of P_,. as calculated above. should not be less than twice the maximum

external hydrostatic pressure (Buckling check pressure), P, expected along the pipeline route.

Allowable out-of-roundness of the pipe to be used for the analysis will be 2%.

Maximum external hydrostatic pressure (Buckling check pressure), Pqy,
Installation condition
Pehi = (dmai + ditide+ diss + 0-67dis“ll) X P“ X g / 106 (309)

Operation condition:

Pibo =  (dwas + dustet dogs + 0:67don) X py x g/ 10° (3.10)
Where,

dicwhe doswh = Significant wave height during installation and operation
condition respectively.

diss. doss = Storm surge during installation and operation condition
respectively.

divdes dotide = Height of Astronomical tide during installation and
operation condition respectively.

dnax = Maximum sea water depth along the route.
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Pipe collapse is checked during installation and operation condition. and in both the cases
Peol- as calculated above. should be not less than twice the maximum external hyvdrostatic
pressure. Hydrostatic pressure in installation and operation condition will be the based on
maximum water depth including astronomical tide. storm surge. and significant wave height

respectively.

3.5 Buckle Initiation and Propagation

An important consideration for the subsea pipelines is the phenomenon of buckling initiation
and buckle propagation. The minimum water depth which is required to initiate a buckle under a
certain pipe out-of-roundness and external load conditions is called the buckle initiation depth.
Once a buckle is initiated. the buckle will be driven by the external hydrostatic head until it
reaches a much shallower water depth called the buckle propagation depth.
The wall thickness required to resist a buckle can be calculated using various code such as DNV
and BS 8010.

A comparison of the results from each of the buckle propagation criteria is shown in the
figure 3.3. The selection of buckle propagation criteria depends on individual company practice.
Generally. however. the DNV formula is marginally more conservative than the shell
development corporation formula and they are more conservative than the Battelle formula. The
degree of conservatism required depends on the installation technique in terms of risk. the length
and cost of the line. the water depth in terms of how easily a repair can be made. In practical
terms changing of any criteria will change the required wall thickness.

However. since designers are normally limited to selecting from API pipe sizes. there is quite

often no actual change in the pipe specified.
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Figure 3.3: Comparison of the required wall thickness calculated to resist buckle

propagation according to the DNV, Battelle, Shell and BS8010 criterion

If during design. a pipeline is found to be governed by buckle propagation criteria then there are
two options open to the designer.

1) The first option is to make the wall thickness of the pipe sufficient so that a buckle once
initiated will not propagate.

2) The second option is to make the wall thickness of the pipe sufficient to only withstand
external pressure (hydrostatic collapse) and to use buckle arresters. Buckle arresters
consists of thick sections of pipe or welded fittings which a buckle cannot propagate
through. If buckle arresters are fitted. damage will be limited to the length of the pipeline

between arresters should a buckle initiate.

The risk however. is considerably reduced after installation. The choice between the two is
determined by considering the potential cost saving in wall thickness and possibly installation
benefits due to the reduced submerged weights. This is paid off against the risk of having to
replace a relatively large section of pipe possibly in deep water. However the buckle arresters are

not used due to high cost involved in installation and maintaining.
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The buckle initiation pressure P, is caleulated by the following tormula based on Battelle’s

[
equation™,

o6l

’ - 0.02 IZ(L] (3.11)
D

i

A propagation buckle cannot be initiated in or propagate into a portion of the pipe where

the maximum external hydrostatic pressure is less than the propagation pressure (Ppr) of the pipe.

P, = L1517 SMYS|t/(D-t))> (3.12)
Where.
E = Young's modulus. N/mm’
t = Pipe wall thickness. mm
= ting = toom (Installation condition)
= topr =taam— CA  (operation condition)
D = nominal pipe outside diameter. mm

It shall be ensured that the propagation pressure (P,,) is greater.than external hydrostatic
pressure by selecting suitable wall thickness for the pipelines. Allowable out-of-roundness of the
pipe to be used for the analysis will be 2%.

Buckle Initiation and Propagation check is done in both installation and operation
condition and the water depth corresponding to buckling initiation pressure should be greater than
maximum possible water depth along the pipeline route considering astronomical tide, storm
surge. and significant wave height as given in the equation 3.13 & 3.14. and bucking propagation
pressure should be greater than external hydrostatic pressure during installation and operation
condition.

Maximum possible water depth along the pipeline route:
Installation condition
di = (duax + digigeT digs + 0.67di541) 3.13)

Operation condition
d, = (Amax + dotiget doss + 0067d05\vh) . 3.14)
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Chapter 4
On Bottom Stability Analysis

+.1 General
Pipeline laid on the sea floor should be stable during installation. after installation. and during
operation. If the pipe is too light during installation. it will be hard to control the pipe since it
behaves like a noodle due to waves & current and installation vessels motion. Most installation
contractors require a minimum |.15 pipe SG (specific gravity) to avoid pipe buckling which may
occur due to pipes excessive movement during installation. After installation. before the pipe is
filled with water or product fluid. the pipe should be checked for 1 year return period waves and
current conditions. If the pipe is laid as empty for a long period before commissioning. a 2-year.
S-year, or 10-year return period met ocean data should be used. During operation. the pipe should
be stable for a 100- year return period met ocean data. The soil data is very important to estimate
the pipeline on-bottom stability. If no soil data is available. use the following data for the pipe-
soil lateral friction coefficients per DnV-RP-F109. On Bottom Stability of Offshore Pipeline
Systems:
a. Clay0.2
b. Sand 0.6
c. Gravel 0.8

To keep the pipeline stable. the soil resistance should be greater than the hydrodynamic force

induced on the pipeline.

“(Ws —Fz, )ﬁ(FD + Fl)
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Fig 4.1
Where
F. =3' p.DC, V®  LiftForce
Fs =§' p.DC, V|V DragForce
= TTTU P, CuA Inertia Force

.is the soil friction coefficient as mentioned in the previous paragraph: W, is the pipe
submerged weight (Ib/fl). p, is the water mass density (64 |b/fi3); V is the near-bottom wave &
current velocity; and A is the water particle acceleration corresponding to the V. The
recommended lift, drag, and inertia force coefficient (Cy. Cp, and Cyy) is 0.9. 0.7. and 3.29
respectively. The AGA pipeline on-bottom stability program [1] is widely used by industries.

The program has three modules:

Level 1 — Simple and quick static analysis using a linear wave theory and Morison equations as

above, without accounting for pipe movement or self-embedment.

Level 2 - Reliable quasi-static analysis using a non-linear wave theory and numerous model test

results considering pipes self-embedment.
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Level 3 - Complicated dynamic time domain analysis using series of linear waves and allowing
some pipeline movements. Compare the computed pipe stresses and deflections with allowable

limits.

Level 2 is recommended for most cases. Level 3 can be used to predict pipeline
movements especially for dense sand or stift clay where the pipe embedment does not take a big
role. However. Level 3 takes a long computer running time and it is difficult 1o estimate how far
the pipeline will move over the design life. Therefore. Level 3 is not recommended unless small
savings of concrete coating can affect the project cost significantlv. In Level 2 analysis. it is
noted that the vertical safety factor in the output should be treated as a reference use only. This
is because the lift force is already considered in the horizontal stability check and the lift force is
calculated based on the pipe sitting on the seabed. Once the pipe is lifted off the seabed. the
water will start to flow underneath the pipe. The underneath flow velocity is faster than the
upper flow. thus the underneath pressure is less than the upper pressure. This pressure

differential tends to push the pipeline back to the seabed and drastically reduces the lift force.

The following methods can be adopted to keep the pipeline stable on the sea floor:

a. Heavy (thick) wall pipe
b. Concrete weight coating
c. Trenching

d. Burial

e. Rock dumping (covering)

f. Concrete mattress or bitumen blanket

g. Concrete block

. ] ’ ':-~ - : o
DR . » & »
: ; Al o
] ) R 2 L
\ q 3. . .
A 7
Trenching Concrete Mattress
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4.2  Design
Pipeline stability analysis shall be carried out in accordance with DNV RP E 305.
Three methods are provided for the stability check:

a. Dynamic analysis method

b. Generalized method

¢. Simplified method

Dynamic analysis involves dynamic simulation of a section of pipeline under the action of
waves and current. The dynamic analysis is to be used in specialized circumstances. Generalized
pipeline stability analysis is based on generalization of the results from dynamic analysis. through
the use of a set of non-dimensional parameters and for particular end conditions.

The simplified method is suitable for most of the design cases. The DNV RP E305 simplified
static stability method is based on quasi-static equilibrium approach.
The calibration factor, F, . the classical static design approach to the generalized stability

method. A safety factor of 1.1 is inherent in the calibration factor F,, .

The equilibrium condition in vertical direction is not always studied . the equilibrium
condition is of interest for finding the expected penetration of a pipeline only in the case of a very

soft seabed. Thus, it is restricted to examination of equilibrium in horizontal direction.
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4.3

Stability Criteria

4.3.1 Minimum Pipeline Submerged Weight

The minimum submerged weight required to prevent any horizontal movement ol the

pipeline under the extreme environmental loading. is calculated by a simple static force balance
pPIp g )

of the horizontal hydrodynamic and soil frictional torced. The stability criteria may be expressed

as based on DNV RP E305.

Where:
Wsis

FL
Fp
Fi
u

F\\'

Wap = I(F|)+F|)+].IF|.I Fuw /}l (4.1)

= Submerged weight of pipeline.(N/m)

= Hydrodynamic lift force per unit length (N/m)

= hydrodynamic drag force per unit length (N/m)
= hydrodynamic inertia force per unit length (N/m)
= Coefficient of friction between pipe and soil

= Calibration factor

The static stability design is based on the following main assumptions:

a.

Pipe movements are not allowed. requiring equilibrium between loads  (hydrodynamic
forces) and reactions (soil resistance force).

Near bed wave flow is time varying and only the component perpendicular to the pipe
axis is considered.

Soil resistance is calculated based on two dimensional assumptions, and may include

simple friction as well as passive soil resistance.

4.3.2 Pipeline Submerged Weight

Submerged weight shall consider the weight of the following components:

a.
b.

o

Steel
Internal corrosion liner (if any)
Corrosion coating

Insulation coating
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¢. Conerete coating
1. Marine growth

Internal contents

-~
o]

U}

h. Metal loss through internal / external corrosion.
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Pipeline c10ss ~ection

The hydrodynamic diameter of the pipe is given by:
D = DS I + z(lcc + tic + tc+ llm_:)
The weight of the component ( in air) are calculated as follows:

a) Carbon steel weight Wes = ( Dst -t) t py

b) Internal corrosion liner weight W, =z ( Dgr— 2t —t.)t; py.

¢) Corrosion coating weight Wee = 1t (Dst +tee) tee Pec

d) Insulation coating weight Wie =n (Dst +2tce Hitic pic

e) Concrete coating thickness We = a(Dst +2t¢e +2tc + to)te pe

f) Marine growth weight Wais = T (Dst +2tee +2tic « 2tettae)tug Paic
g) Internal diameter of pipe ID = Dsy—2t—t

hy Weight of content W= /4 (ID) p;

i) Weight of corroded material ~ Wcorr = [n{D -2t + tea}tcalpa nea

Nea = Corrosion allowance usage factor

(4.2)

(4.3)
(4.4)
(4.5)
(4.6)
.7
(4.8)
(4.9)

(4.10)

4.1

)
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Four case are of interests:
a) Operational pristine — no marine growth or metal loss to corrosion included.
b) Operational end of life =marine growth included and ., of corrosion allowance has been
lost to corrosion.
¢) Installation — pipeline empty. no marine growth and no loss of corroded material.

d) Hydro test — as for installation but pipe full of hydro test water.

Table 4.1 weight of pipe for different cases

Case Outer Diameter. OD Weight of Pipe. 1T
Operational - D21+ 2.+ 21, Mes = Uy + Wee += Wie + e = 117
Pristine
Operational - End of D~=210+ 20+ 21~ Wes = Wy + Wee = Wi + e = Wmg =
Life 2 I — Dcorr
Installanon “ Hvdrotest | D+ 27, + 20, - 21, MWes =Wy + Wee = Wic + Me = My

Pipeline’s buoyancy, submerged weight and specilic gravity are calculated as (ollow

Pipeline buoyancy B = /4 [ OD? psw] (4.12)
Pipeline submerged weight Ws = W -B 4.13)
Pipeline specific gravity SG = W/B = W¢B + | (4.14)

4.3.3 Environmental Parameter

The defining sea-state parameters are Hgs and Tp , which are used to calculate the significant wave

velocity perpendicular to the pipe (Us).
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FIG.4.4: Determination of significant wave velocity (DNV RP E305)

The T, and T;, are determined using following relationship.

I,=p and T, = \:f.‘.SOH: g

(4.15)

From fig. 4.4 (Us*T.)/Hs is determined for the given T/Tp . Then. significant wave velocity

perpendicular to the pipe (Us) is determined.
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Table 4.2: Grain size for seabed materials (DNV RP E305)

Gram
Seabed Size Potginess
dsn '
{111} Zo iy
Sl (LOGZS | S2LE-n6
Very Fme Sand 0125 1.OJE-GS
Fine Sand (.28 2.08SE-05
Medmm Sand 0.5 4. 17E-05
Coarse Sand 1 S.35E-08
Very Coarse Sand 2 1.6TE-04
Gravel 4 3.33E-04
Pebble 10 S.33E-04
25 2.08E-03
S0 4.17E-(3
Cobble 104 S.33E-03
220 2.08E-02
Boulder 500 | 4.17E-n)

Grain size (dso) and roughness (z,) of the seabed is determined based Table 4.2

U e =—_1——‘ [1+ 1_;’ ;!lllil-i- '_D ’—l;
ln[ o i e -
. e
(4.16)

Une = Un/U,

u = current velocity at reference height
Z, = reference height for the current velocity. assumed 3 mm
Zo = bottom roughness parameter
dse = mean grain size
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Fig. 4.5: calibration factor. Fy
Current to wave velocity ratio. M = Up/Ug
Keulegan carpenter number, K =(UsTp)/D

From fig. 4.5. the calibration factor can be obtained after determining the value of M and K.

Calibration factor is used in the calculation of pipeline submerged weight.

4.3.4 Hydrodynamic Forces
When using the calibration factor F to calculate Wsup the hydrodynamic loading on pipe is

determined using the following relationship.

Drag force, Fp = (1/2)P DCp IU I U, (4]7)
Inertia force. Fi =n pD’Cy U,/ (4.18)
Lift force. Fi. = (12pDC U/’ (4.19)
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llJnI = (lJn: + an)l3 (420)

Where.

D = the total outside diameter

p = density of seawater

C = 0.9, is the lifi force coefticient

Cp = 0.7. is drag torce coefficient

Cy = 3.29. IS THE INERTIA FORCE COEFFICIENT
U, = water particle horizontal velocity

V. = water particle vertical velocity

4.3.4.1  Drag Loads
As fluid passed over a body a shear layer develops in the fluid flow. The body experiences a
force caused by skin friction due to the tangential viscous shear layer between body and flow. In
addition, it experiences a “pressure” or “form* drag from the pressure on the body.
Thus.
Fo = F, + Fp (4.21)

Fp =Total drag
Fr =Fiction drag

Fp = pressure

4.3.42  Inertia Load
A body immersed in fluid is generally associated with an entrained mass of watt called the added
mass. In some cases the added mass is directly proportional to the immersed of the body. This is

often assumed

4.3.5 Gravity Waves (Linear Wave Theory)

The simplest mathematical description of a gravity (ocean) wave is given by linear wave theory.

Important parameters in linear wave theory.
a. Wave height. (H)
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b, Mean water depth (d)

c. Wave period. (T)

All the other values are calculated using these three values.

d
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Fig.4.6 Rest frame

A few assumptions have to be made which are.
a) lgnore surface tension and viscosity
b) Two dimensional small amplitude waves permanent torm
¢) Wave propagate through initially still water

d) Irrotational and incompressible

The wavelength, L is calculated based on the formula below:

L= g tanh {Zm

o7

(4.22)

In order to calculate the force on a structure immersed in moving fluid we need to determine the
particle kinematics.( i.e. velocity and acceleration)

Particle velocities;
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Forcontal Velewwn T"=Fawesh[2aev = v J] cost2qoy—

' samhi2ad Lo LT
’ (4.23)
Verncal Veloav. I'=s Az [ 2aiv =) L] sme230x-~7 vy
T smhi2ad Lo L T {(4.24)
Particle acceleration:
Horizontal Acceleration, U=2Harcosh[2a(v-d) L] smi2a(x—1 1)
T sinh(2ad Ly LT (4.25)

Therefore linear wave theory is most suitable for dealing with deep water wave of small

amplitude.

4.3.6 Assumptions for On-Bottom Stability Analysis

The following assumptions have been made in the pipeline on-bottom stability analysis:

No pipe burial has been considered.

o o

No water absorption on the concrete is considered.

No marine growth on the pipeline is taken into consideration.

e 0

Currents and wave acting perpendicular to the pipeline.

®

No pipe burial has been considered.

f.  No water absorption on the concrete is considered.

g. The soil friction for clay is calculated based on fig. 4.11 in DNV RP E 305.

h. The | year significant wave height and peak period plus | year currents are considered for
the installation condition. Pipeline is assumed to empty during this condition.

i. The 100 year significant wave height and peak period plus 100 year currents are

considered for the installation condition.
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Chapter 5

Input Design Data

5.1 Introduction

Nagarjuna Oil Corporation limited (NOCL) is developing refinery at Thiruchopuram. 24
km south of Cuddalore and about 175 km from Chennai. As part of the refinery project. NOCL
has plans to include a marine terminal for import of crude oil and export of products such as Euro
1V auto fuels . like petrol. diesel apart from the products like LPG. bitumen etc. NOC L has
mandated Cuddalore Port Cliemt Pvt. Ltd. (CPCPL) to construct the port on a boo basis. CPCL
has engaged KONSORTIUM PORTS PTE LIMITED (KPPL) on a turnkey basis to set up the
port.

The crude oil import terminal is planned at water depth of 30 m using VLCC tankers at
distance of 11km from coast line and a export terminal at 6.5 km from coast line. The planned
terminal uses the concept of single point mooring system (SPM) for import terminal and
Conventional Buoy Mooring system (CBM) for export terminal. The import and export terminals
are connected to the onshore refinery by submarine pipelines
The import of crude from VLCC tankers via SPM terminal is by 487 pipeline and the export of
products is expected by Panamax class tankers (65000 DWT) from CBM terminal. The export of
products is expected through 3 x 24" pipeline and 1 x 14°" pipeline for different products. All the
pipelines from the SPM/CBM terminal PLEM are planned to be buried below seabed by at least
1.5m soil cover to the top of the pipeline .

This document forms the basis of design for the following subsea pipelines:
a. 48" Crude oil import pipeline from SPM terminal to the Land Fall Point (LFP).
b. 2x24°" export product pipeline from SPM terminal to the Land Fall Point (LFP).
c. 1x14° export product pipeline from SPM terminal to the Land Fall Point (LFP).
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5.2 Codes and Standards

Code Desceription !
ASME B31.4 Pipeline transportation system for liquid hydrocarbons. |
APl SPEC 51. Specification for line pipe.

APIRP 1104 Welding of pipelines and related facilities.

NACE RP-06-75 | Recommended practice for control of corrosion on offshore steel pipelines.
DNV 1981

DNV RP E 305 On bottom stability of submarine pipelines

DNV RP B401 Cathodic protection design

5.3 Marine Terminal Description

The overall marine terminal consists of the following facilities intended to serve the
NOCL refinery for import of crude oil and export of products.

a. A SPM terminal for mooring and unloading crude for vessels up to a size of 300000 DWT
tankers.

b. A CBM terminal for mooring vessels up to 65000 DWT tankers for loading expor
products.
A 487" submarine pipeline for import of crude oil from SPM to the refinery.

d. 3x24°" and 1x14"" export product pipelines from refinery to the CBM terminal.

5.3.1 SPM Terminal
The SPM terminal connected to onshore facilitics via a 48" diameter crude oil import
pipeline. The SPM will be designed to accommodate tankers upto a size of 300000 DWT. and

will be located in approximately 30m water depth (below CD). A pipeline end manifold will be

located close to the SPM. The SPM terminal will consists of following major components.

A Buoy complete with piping assembly for fluid transfer, and mooring of the vessel.

a.
b. A system of chain mooring system complete with anchors.

e

Floating hose strings (2 no’s of 24°").

d. Chinese lantern risers (2 no’s of 24™).
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¢. A PLEM with valve control.

5.3.2 CBM Terminal
The CBM terminal is a multi buoy mooring syvstem with a PLEM located near the vessel.
Mooring location will be used to connect the loading hoses for transfer of liquid to the tankers.
The CBM will be designed 10 accommodate tankers up to a size of 63000 DWT . and will be
located in approximately 15 m water depth. A pipeline end manifold will be located close to the
CBM. The CBM terminal will consist of following major components.
a. A buoy mooring system
b. A system of chain mooring system complete with anchors.
c. Hose strings foe each pipeline with end couplings.

d. A PLEM with valve controls.

Tankers will be able to load cargo from any pipeline (3x24™ and 1x14") dedicated for
various export products. These offshore pipelines will tie-in to a on shore pipeline to tank farm

situated at crude oil terminal area situated inside NOCL. refinery.

5.3.3 Loading/Unloading Facility
The function of the ship loading/unloading system is to transfer the products from the
storage tanks into the ship and vice versa. At the ship loading/unloading area . the ships are

loaded with the following products:

1. Naphtha / motor spirit
2. Kerosene/ ATF
3. High speed diesel

4, Low sulfur crude oil ( import)

Product Pump Capacity (m’/h)
Naphtha 2000
Motor spirit 4000
Kerosene/ ATF | 3500
HSD 3500

Detail of pump capacity
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5.3.4 Annual Throughput

Ship loading facilities are to be designed based on the following maximum annual throughputs.

Product Annual Through Put (KTPA)
NAPTHA 212
MOTOR SPIRIT

e EUROIV 578

s PREMIUM 317

KEROSENE/ATF 450

HSD
e EURO-III 1836
e EURO-IV 1056

Annual Throughput
The maximum quantity of low sulfur fuel oil 1o be unloaded is 225 KTPA.

5.3.5 Tanker Sizes

For each product the maximum tanker size expected is provided in the following table.

Product Tanker size (DWT)
Low sulfur fuel oil 30000
Kerosene/ATF/HSD/Motor spirit | 65000
Naphtha 30000
Crude oil (import) 300000

5.4 Design Data

This section presents the data and design parameters for the engineering design of the pipelines.

5.4.1 Datum Level

Unless noted otherwise, all levels shall be referenced to the chart datum.

5.4.2 Design Life
The pipelines shall be designed for a design life of 30 years.
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5.4.3

Material Properties

‘The material properties to be considered in rigid pipeline design are as follow:

Description Unit Value
Steel Grade APLSL X65
SMYS MPa 448

Steel Density Kg/m’ 7850
Concrete Coating-High Density Kg/m' 3040
Young's Modulus Of Steel (E) MPa 207x10
Poisson’s Ratio 0.3
Coefficient Of Thermal Expansion () | (1/°C) 1.7x10°
Thermal Conductivity Btuw/hre-fi°F | 26

5.4.4 Pipeline Functional Parameters

The functional parameters to be considered for pipeline systems are as follows. The hydro test

pressure for all the pipelines shall be at least 1.4 times the design pressure.

S.No. | Service Flowrate Operating Condition Design Condition
(m’/h) Pressure(bar) Temp.(°C) | Pressure(bar) Temp.(°C)

1 Crude oil 2000 20 33 20 33

2 Naphtha 2000 20 33 20 33

3 Motor spirit 4000 20 33 20 33

4 Kerosene/ jet fucl | 3500 20 33 20 33

5 Diesel 3500 20 33 20 33

5.4.5 Pipeline Data

The details of pipelines to be installed are listed in table below. The design wall thickness

and length is based on estimate and shall be confirmed during detailed engineering.

The diameter of the pipeline has been arrived at based on flow rate given by client and cannot be

altered. The diameter specified is outer diameter.

S.No.

Service

Purpose

Grade

Length

Outer dia.

1 Crude oil

Import

X65

11000

43"
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2 Naphtha Export X635 6300 247
3 Motor spirit Export X635 6300 247
4 Kerosene / jet fuel | Expont X635 6300 24”
3 | Diesel Export I xes  |eso0 |t

5.4.6 Fluid Properties

The properties of import crude oil and export products are summarized in the following tables:

Fluid Sp. Gravity Viscosity (¢St) | Pour point | RVP | Sulphur content | water content
(15.56/15.56°C) (°C) (psi) | (wt%) (vol %)
Arab heavy 0.8888 40.5 @ 21.1°C | -17.8 .57 2,85 Trace
20.1 4 37.8°C
Arab 0.8718 18.4@21.1°C | -17.8 45 1.82 Trace
medium 9.2 37.8°C
Arab light 0.8591 10.82 <<-317 45 1.82 Trace
@21.1°C
6.2 7 37.8°C
Nigerion 0.8413 5.57 @ 20°C 2 .57 0.13 0.15
3.28 @38°C
Bombay high | 0.8282 3.75 4 37.8°C | +30 34 0.17 0.15
3.28 w40°C
Import fluids (SPM system)
Fluid Density (Kg/m’) Viscosity (¢St) Pour point | RVP | Sulphur content | water content (vol
°C) (psi) (wt%) %)
Naphtha - - N/A 10 0.15 -
Gasoline | 720-775 - N/A N/A | 0.015 -
Kerosene | 775-840 8.0 N/A N/A 10.25 N/A
HSD 820-845 2.0-4.5 N/A N/A | 0.035 0.02
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Export fluid properties

5.4.7 Water Depth

Design water level including storm surge is summarized below.

Mean High Water Spring +1.10m CD

Mean High Water Neap +0.90m CD
Mean Sea Level +0.70m CD
Mean Low Water Neap +0.60m CD
Mean Low Water Spring +0.30m CD
Storm Surge 2.0m

5.4.8 Wave Parameters

Description Operating | Storm
Wave height H,,,« (m) | 2.5 16.75
Wave period T, (sec) |9 12

Wave data for SPM location (30 m water depth)

Description Operating | Storm
Wave height H,,,o (m) | 2.5 7.2
Wave period T, (sec) |9 12

Wave data for CBM location (16 m water depth)
Wave height along the pipeline route below a water depth of 5m can be limited to limiting wave

height based on wave breaking limit of 0.78 times the water depth.

5.4.9 Current Parameters

The surface current at the location is considered as Im/sec.
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5.4.10 Wind Parameters

The wind speed to be used for the design shall be as per table below.

Description units I year return period | 100 year return period

I-hour sustained wind speed | m/s (kwv/hr) | 30 (80) 53.3 (200)

5.4.11 Sea Water Properties

The following sea water properties are used throughout the design.

Sea water temp. Minimum | Maximum | Mean
°C
Surface 20.3 303 27.6
Mid depth 204 294 26.8
Bottom 19.3 289 25.7
Sea water density , kg/m’ 1025 (64)
Sea water kinematics viscosity. m/s | 1,03 x 10°
Sea water resistivity (ohm-m) 0.20

5.4.12 Marine Growth
The marine growth is not applicable to buried pipelines. However, a marine growth of 100 mm

shall be considered for the risers and floating buoys.

5.4.13 Soil Data
Geotechnical investigation for SPM location and along the pipeline route was carried out and the
details of soil information can be found from the following report.
Final report on geotechnical investigation for SPM and submarine pipeline at south of cuddalore.

Tamilnadu by Coastal Marine Construction And Engineering Limited .
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5.4.14 Friction Factors

Following friction factor will be considered between the pipeline and soil

Lateral Longitudinal

Friction Factor {0.5T0O0.7 | 0.5

5.4.15 Pipeline Burial And Fill

All the pipelines shall be buried below existing seabed with a minimum cover of 1.5 m. Fill

material shall be natural fill.

5.4.16 Pipeline Corrosion Allowance

A minimum of 3 mm on wall thickness shall be considered as allowance against internal

corrosion. However, a corrosion assessment study shall be carried out to determine the internal

corrosion allowance during the detailed design stage.
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CHAPTER 6:

CALCULATIONS

Pipeline Wall Thickness Calculation of 48” Pipeline

46



PIPE DATA

NOMINAL OUTSIDE DIA OF PIPE: D= 18in
CORROSION ALLOWANCE: CA = 3um
PERCENTAGE OVALITY: U= 24
MINIMUM LAYING RADIUS: R, = 2500m
MATERIAL DATA:
DULUS:
YOUNGS MODULUS £ 2000 u’
mm”
. v:= .30

POISSONS RATIO:

(117.107%)
COEFFICIENT OF THERMAL EXPANSION: o 710 7
SPECIFIED MINIMUN YIELD STRENGTH: SMYS := 448MPa
PROCESS DATA:
INTERNAL DESIGN PRESSURE Pigper = 20bar =2 10°pa
(OPERATING CONDITION): 1opet

. 6

HYDROSTATIC TEST PRESSURE: Pihvd = 14 Pgper = 28 10°Pa
DESIGN TEMPERATURE

(OPERATING CONDITION:) Ly:=332C



DESIGN PARAMETERS:

CODE FOLLOWED FOR DESIGN CALCULATIONS:  DnV 1981

DESIGN FACTOR:

TEMPERATURE DERATING FACTOR:
ENVIRONMENTAL DATA:
MINIMUM SEA WATER DEPTH:
MAXIMUM SEA WATER DEPTH:

STORM SURGE (OPERATING CONDITION):

STORM SURGE (INSTALLATION CONDITION):

MINIMUM SEA WATER TEMPERATURE:

MAXIMUM SEA WATER TEMPERATURE:

WAVE HEIGHT (OPERATING CONDITION):
WAVE HEIGHT (INSTALLATION CONDITION):

HEIGHT OF ASTRONOMICAL TIDE
(OPERATING CONDITION):

HEIGHT OF ASTRONOMICAL TIDE
(INSTALLATION CONDITION):

DENSITY OF SEA WATER:

E(_) =072
l_(l =1
L_lw = Im
QM = 30m
doe = 2m
Q!_\ = 2m
Tpyjn = 228°C
Tiax = 30.32C
dogwh = 16m
QM = 2.5m
dotide = 2m
(‘IL!.L(JE =2m
By = I‘OZS%



CALCULATIONS :
EXTERNAL PRESSURE:

1. INSTALLATION CONDITION:

o

FOR BUCKLING CHECK: Poni = (nax = Yitide = diss * .o7gb\,_,h)<uﬁ.~_.:z(—,
'—)c_i =1).359Pa
FOR STRESS AND STABILITY CHECK: Pesi = ‘-'mﬁuﬁ
P =001Pa
MMMCQNDWION
FOR STRESS AND STABILITY CHECK: Pesn = ‘—'mﬁhj
Py = 0.01 Pa

3. OPERATING CONDITION:

FOR BUCKLING CHECK:

+do + .67d

2
oswh)'ngg' "6
10




WALL THICKNESS CALCULATION:

= + o=
external hydrostatic condition: Levo= (‘—’min i ﬂgn) Bwy 6
(during operating condition) 10
Py =0.03Pa
EQUIVALENT WALL THICKNESS: leq = [(Eioper = Bego) y
= 3.78-mm
WALL THICKNESS: L= log + CA =6.78-mm

CORRESPONDINGN NOMINAL WALL THICKNESS FROM API 5L,

Lyom = 20.6mm

Linst = Lyom



STRESS CHECK:
1) FOR OPERATING CONDITION:

HOOP STRESS CALCULATION:

WALL THICKNESS FOR OPERATING foner = Inopy = CA = 17.6-mm
CONDITION: nom
HOOP STRESS IN PIPE: o= (Bioper ~ Peso) 57
foper
@)y = 69.273- MPa
ALLOWABLE HOOP STRESS: @y = 0.72-SMYS

Topo = 322.56- MPa

CHECK FOR_HOOP STRESS OPER := if (g, > O}y, "DESIGN IS SAFE” . "DESIGN IS NOT SAFE")

CHECK FOR HOOP STRESS OPER = "DESIGN [S SAFE"

LONGITUDINAL STRESS CALCULATIONS:

1. LONGITUDINAL STRESS CHECK FOR RESTRAINED SECTION

LONGITUDINAL STRESS DUE TO g = vg,
INTERNAL PRESSURE: lop = *%ho

Lyop = 20.782-MPa



LONGITUDINAL STRESS DUE TO oy = oy - T,)

L

TEMPERATURE: o
Oy = 24705 MPy
MAXIMUM LONGITUDINAL STRESS S = Clap -~ T - b D
FOR RESTRAINED SECTIONS: ‘ -0 2R,
Lomaxr = 6-553-MPa
MINIMUM LONGITUDINAL STRESS _ D
FOR RESTRAINED SECTION: Gomine = Llop ~ T ~ E T4

Domine = ~54-396-MPa

2. LONGITUDINAL STRESS CHECK FOR UN-RESTRAINED SECTION

MAXIMUM LONGITUDINAL STRESS o D
FOR UN RESTRAINED SECTION: Zomaxy = 3o + E T
-

Tjomaxy = 83111 MPa

MINIMUM LONGITUDINAL STRESS Tpoming = -5 - E—
FOR UN-RESTRAINED SECTION — a3 :
-15.839-MPa

Lominu =

ABSOLUTE MAXIMUM LONGITUDINAL STRESS
1S THE MAXIMUM AMONG ABOVE 4 VALUES:

Liomax = m‘S(QI()maxr'glnmin 'g]nmaxu'glnminu)

Djomax = 85-111-MPa



EQUIVALENT STRESS CALCULATIONS

VON MISES COMBINED STRESS CRITERIA

to | =

L) 4 \
— - - ) ]
Teomaxr = (Qhu Zomaxr ~ Lho Ljomaxr

MAXIMUM EQUIVALENT STRESS
FOR RESTRAINED SECTION:

Leomaxr = 01-164-MPa
1
géhghgléhsﬂT%(;ﬁ]’L\/E%ngg_ﬁg;Ess Teominr = (QIE_ T glnminr- - gI_n_)'ﬂlmninr)
Soomine = 107-359-MPa
1
4 5 5 2
MAXIMUM EQUIVALENT STRESS Teomaxu = g!\g- * Gomaxy " gi_lg'-qlnmaxu)

FOR UN-RESTRAINED SECTION:

Taomaxy = 78401-MPa

19| =

5 )
Toominu = (g-i& * Dominy ~ Tho Elominu

MINIMUM EQUIVALENT STRESS
FOR UN-RESTRAINED SECTION:

Leominy = 78:401-MEa

ABSOLUTE MAXIMUM EQUIVALENT
STRESS IS MAX. OF ABOVE 4 VALUES:

Coabsoluten = mi(geomaxr'szcnminr‘-‘Icnmazg;ychmi u

Zeabsoluico = 107.359-MPa

ALLOWABLE EQUIVALENT STRESS IN

W _ 3
OPERATING CONDITION: Feallow = 0.72:SMYS = 3.226x 10" Pa
CHK_FOR I. STRESS OPER := if (T10w > Ceabsoluteo PESIGN IS SAFE" , "DESIGN IS NOT SAFE

CHK FOR L. STRESS OPER = "DESIGN IS SAFE"



2.) FOR HYDROTEST CONDITION:

HOOP STRESS CALCULATION:

WALL THICKNESS FOR

HYDROTEST CONDITION: = lpom = 0.021m

HOOP STRESS IN PIPE : = |

ALLOWABLE HOOP STRESS @ oh = 0.9SMYS = 4.032x 10°pa

FOR HYDROTEST: T

CHECK FOR_HOOP STRESS HYD := if(g,;,;, > Gy,- "DESIGN IS SAFE" . "DESIGN IS NOT SAFE" )

CHECK FOR HOOP STRESS HYD = "DESIGN IS SAFE"

LONGITUDINAL STRESS CALCULATIONS:

1. LONGITUDINAL STRESS CHECK FOR RESTRAINED SECTION

LONGITUDINAL STRESS DUE TO

Dy = LG
INTERNAL PRESSURE: thp hh
Tjpp = 24.857-MPa
LONGITUDINAL STRESS DUE TO oy = Ea(T.. ~T.
TEMPERATURE: 1 = B2 {Tinax ~ Tin)
gy = 18.164-MPa
MAXIMUM LONGITUDINAL STRESS G = Oy g+ B
FOR RESTRAINED SECTION: Thmaxr = Zhp = She * =5 B

{g]

gmmaxr = 57.168-MPa




MINIMUM LONGITUDINAL STRESS
FOR RESTRAINED SECTION:

=g -0

Dhmine = Dhp ™ T ~ &7 |

.= _13.782-MP;
Oppmine = ~+3-782-MPa

2. LONGITUDINAL STRESS CHECK FOR UN-RESTRAINED SECTION

MAXIMUM LONGITUDINAL STRESS oy = 05T, = E D
FOR UN RESTRAINED SECTION: = 2R

L hmaxu = 919 % ”’7&

D

MINIMUM LONGITUDINAL STRESS ap = 05, - B——
FOR UN RESTRAINED SECTION: hmiou ™ b T R,

Flhminy = ~9-046-MPa
ABSOLUTE MAXIMUM LONGITUDINAL STRESS:
(MAX. OF ABOVE 4 - VALUES)

Dhmax = M(Qlllnmxr'glhn in 'thmaxu'g-lhminu)

Thmax = 21-904 MPa

EQUIVALENT STRESS CAL ATIONS:

VON MISES COMBINED STRESS CRITERIA

o | —

MAXIMUM EQUIVALENT STRESS

2 >
FOR RESTRAINED SECTION: Fehmaxs = (Q'l'! * Ahmaxe = Eh_h'“lhmaxr)

opmaxr = 13463-MPa



MINIMUM EQUIVALENT STRESS
FOR RESTRAINED SECTION:

to | —

{ N 3 \
Lehmine = {\Qm * Uhmine ~ gllll'glhminr)

Lehmine = 111.4-MBPa

MAXIMUM EQUIVALENT STRESS Tehmaxy = (gl I
FOR UN-RESTRAINED SECTION: D

- < - .
hh * Lhmaxu ~ Zhih Eihmaxu

2

ta | —

B N

ehmaxy = 87-732-MPa

MINIMUM EQUIVALENT STRESS
FOR UN-RESTRAINED SECTION:

2

| -

)
Zohminu = (gl_h * Shminu ~ Zhiy Lhminu

Zehminy = 87-732-MPa
ABSOLUTE MAXIMUM EQUIVALENT STRESS
IS MAX. OF ABOVE 4 VALUES:

Loabsoluich = Hax

(Zehmaxr Tehmine- Cehmaxu- Sehminu)

Teabroluteh = 111+ MPa

8
ALLOWABLE EQUIVALENT STRESS ~ Zalp = !'SMYS =448 x 107 Py
IN HYDROTEST CONDITION:

CHECK FOR L STRESS HYD := if{8,1 > S.absoluich "PESIGN IS SAFE" ,"DESIGN [S NOT SAFE

CHECK_FOR_I. STRESS HYD = "DESIGN IS SAFE"



BUCKLING CHECK:

PIPE COLLAPSE (EXTERNAL PRESSURE CAPACITY):

INSTALLATION CONDITION

WALL THICKNESS FOR INSTALLATION CONDITION: g = 0021 m
(Q ~ Liny )
MEAN RADIUS OF THE PIPE CROSS SECTION Roninu = ==

- 2

Emin\t =0.599m
3
Linst
ELASTIC BUCKLING PRESSURE: Rming
Petiny = E—7—+

{:
“1ns ]
Bins = (S—MYS' J* Perinne] ! * | R o ||| = 1775 % 107
Rninst — (IOO-LM)
Co =P SMYS —inst 13,2
=inst = crinst’ S R =3557x 10 " Pa
minst

MINIMUM COLLAPSE PRESSURE
AT INSTALLATION: B - (B

Peolmininst = °

l-)colmininsl =2.303MPa



|
MAXIMUM COLLAPSE PRESSURE 5

! h)

: | - N \

AT INSTALLATION: - i Bi” - HCin
Peolmasina = 2
Peoimaxins = 1347 MPa

COLLAPSE PRESSURE IS MINIMUM OF ABOVE 2 VALUES

Peolingt = M(Ecolminin.s‘l'Ecnlnmximl)
.= 7.303-MP:
Pegling = 2-303-MPa

MAXIMUM EXTERNAL HYDROSTATIC PRESSURE ALONG THE PIPELINE ROUTE:

Epossihlcinsg = 2'&.;&

P

-7
Phossibleiny = 7-172% 10 °-MPy

CHECK COLPSE INST := if (yoliny > Bpossibleinst- "DESIGN IS SAFE" ."DESIGN IS NOT SAFE")

CHECK COLPSE INST = "DESIGN IS SAFE"

OPERATION CONDITION:
(R-1t
. 2" lope
MEAN RADIUS OF THE PIPE CROSS SECTION: R oper = —
anpcr =0.601m
3
Loper
ELASTIC BUCKLING PRESSURE: R moner
Zmope
Peroper = E ,
ST 0D

Beroper = 143-MPa



AY
S i 1 = — I ' 6.
Boper = | 283 R l‘ Bcrupcx" I~ {“'[—{mnpcr' 1001 ) = 1458 % 10 Pa
\ Smoper / L ( ‘uper

t
. Yoper o 132
Coper = Bygoper SMYS 2555 = 176 101 By
"'l(,le
1
9
o 2
MINUIMUM COLLAPSE PRESSURE Bopec - (B(, o —+Cone
AT OPERATION: Ecolminnncr = >
!—)cnlminogcr = 1426 MPa
Ll
3
MAXIMUM COLLAPSE PRESSURE Byper + (_) oGy
AT INSTALLATION: Beotmaxoper =
Pyoimaxoper = 13157 MPa

COLLAPSE PRESSURE IS MINIMUM OF ABOVE 2 VALUES:

Peoloper (—wlmmopu* -Lolm'l\opgr)

Peoloper = 1.426-MPa

MAXIMUM EXTERNALHYDROSTATIC PRESSUREALONG THE PIPELINE ROUTE:

Bhossibleoper = 2 EBebo = 0-899a

CHECK COLPSE OPER := if(Pcoloper > Bycsibleaper-"DESIGN IS SAFE" . "DESIGN 1S NOT SAFE"

CHECK COLPSE OPER = “DESIGN IS SAFE"



BUCKLING INITIATION (INSTALLATION)

2.004
t:
BUCKLE INITIATION PRESSURE Py = 002 E M]
\ D
Pijiny = 091-APa
WATER DEPTH CORRESPONDING . Zininst _ 0o
TO BUCKLE INITIATION PRESSURE dininy = bt 90.556m
MAXIMUM POSSIBLE WATERDEPTH . d. = (d 4 diy. + di + 67ds.
ALONG THE PIPELINE ROUTE inm = (S + iide * dis isuh)
inmax = 35675m
CHECK_BI INST := it (d;nin; > Yinmay- "DESIGN IS SAFE." ."DESIGN IS NOT SAFE"

CHECK Bl INST = "DESIGN IS SAFE."

BUCKLE PROPOGATION (INSTALLATION):

,
lnw [
BUCKLE PROPOGATION PRESSURE Porigy = 1155 SMYS MYS'[m
=7 linst
Poring = 0478 MPa

WATER DEPTH CORRESPONDING TOTHE _ _
BUCKLING PROPOGATION PRESSURE: Coprinst = 7 ) =47.563m




MAXIMUM POSSIBLE WATER DEPTH
ALONG THE PIPELINE ROUTE

CHECK BP_INST := > d.

( 11@1\_ Sinmax*

"DESIGN IS SAFE" ."DESIGN IS NOT SAFE")

CHECK BP_INST = "DESIGN IS SAFE"

BUCKLING INITIATION (OPERATION)

BUCKLE INITIATION PRESSURE

WATER DEPTH CORRESPONDING
TO BUCKLE INITIATION PRESSURE

MAXIMUM POSSIBLE WATER DEPTH
ALONG THE PIPELINE ROUTE

CHECK BI OPER := >d

f( =inoper © Yopermax’

2.064
Binoper = 002 E( ]
[—)inan = 0.658
p.
Linoper
inoper = 2 65.439m
T

d

Uppermax (dmax + dorige + dogy + 67d

Loswh )

."DESIGN IS SAFE" ,"DESIGN IS NOT SAFE")

CHECK Bl OPER = "DESIGN IS SAFE"



BUCKLE PROPOGATION (OPERATION):

P smsays| —2E | 3 10
BUCKLE PROPOGATION PRESSURE ~ Bproper = 113 Eradl¥S | o J = 34723 107 Pa
VT Coper
P roper = 0-347-MPa
Byrone
WATER DEPTH CORRESPONDING TO THE oo = TS = 34.545m
BUCKLING PROPOGATION PRESSURE: proper (u&'s
MAXIMUM POSSIBLE WATER DEPTH
ALONG THE PIPELINE ROUTE dopermax = 44-72m

CHECK BP OPER := if{d, oner > Yopermax- " DESIGN IS SAFE" . "DESIGN IS NOT SAFE")

CHECK BP OPER = "DESIGN IS NOT SAFE"




Pipeline Wall Thickness Calculation of 24” Pipeline
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PIPE DATA

NOMINAL OUTSIDE DIA OF PIPE: D= 2din
CORROSION ALLOWANCE: CA = 3mm
PERCENTAGE OVALITY: U= 24
MINIMUM LAYING RADIUS: R, = 1600m

MATERIAL DATA:

s N
YOUNGS MODULUS: E:=207(10) "
mm”
POISSONS RATIO: v:=.30
(117.107%)
COEFFICIENT OF THERMAL EXPANSION: Q= ———t
SPECIFIED MINIMUN YIELD STRENGTH: SMYS := 448MPa

PROCESS DATA:

6
INTERNAL DESIGN PRESSURE Piyper = 20bar = 2x 10° Py
(OPERATING CONDITION): 1opet
o _ 6
HYDROSTATIC TEST PRESSURE: Pihyd = 1-+Pigper =28 % 10 Pa
DESIGN TEMPERATURE T, = 33°C

(OPERATING CONDITION:) g



DESIGN PARAMETERS:

CODE FOLLOWED FOR DESIGN CALCULATIONS:

DESIGN FACTOR:
TEMPERATURE DERATING FACTOR:

ENVIRONMENTAL DATA:
MINIMUM SEA WATER DEPTH:

MAXIMUM SEA WATER DEPTH:

STORM SURGE (OPERATING CONDITION):

STORM SURGE (INSTALLATION CONDITIONY):

MINIMUM SEA WATER TEMPERATURE:
MAXIMUM SEA WATER TEMPERATURE:

WAVE HEIGHT (OPERATING CONDITION):

WAVE HEIGHT (INSTALLATION CONDITION):

HEIGHT OF ASTRONOMICAL TIDE
(OPERATING CONDITION):

HEIGHT OF ASTRONOMICAL TIDE
(INSTALLATION CONDITION):

DENSITY OF SEA WATER:

DnV 1981
Eg =072
l_\'1 =
din = 1m
gy = 20m
dogy = 2m
li_, =2m
Tinin = 22.82C
Iw = 30.3°C
goxwh = 16m
digwh = 2.5m
dotige *= 2m
ditige = 2m
_ ke
Qﬂg = 1025 —3



CALCULATIONS :

EXTERNAL PRESSURE:

1. INSTALLATION CONDITION;

FOR BUCKLING CHECK:

FOR STRESS AND STABILITY CHECK:

2. HYDROTESTING CONDITION

FOR STRESS AND STABILITY CHECK:

3. OPERATING CONDITION:

FOR BUCKLING CHECK:

Ec_hl = (dmax + Yitide * ‘—lil * '675!i5\\'h)'u_\\£;'_
10
Py = 0.258Pa
_ £
Bes = i Py
10
P, =0.01Pa
o
Pesh = i Pwg L{,
10
Py = 0.01Pa
Pebo = (dmax * Jotide * Joss + 67dogwh) - Bua =
“cbo -~ Fmax otide ™ Soss ¥ - —oswh) ﬂ_\g 6
10




WALL THICKNESS CALCULATION:

External hydrostatic
condition:
(during operating condition})

EQUIVALENT WALL THICKNESS:

WALL THICKNESS:

£
Poso = {dmin + Goss) e =
10
Pyyy = 0-03Pa

L= 1gq + CA =4.89-mm

RRESPONDINGN NOMINAL WALL THICKNESS FROM API 51,

= 11.9mm



STRESS CHECK:
1) FOR OPERATING CONDITION:

HOOP STRESS CALCULATION:

WALL THICKNESS FOR OPERATING 1 =1 - CA =89 mm
CONDITION: o

HOOP STRESS IN PIPE: oy (Bioper = Boso) = —

24
= oper

Tho = 68.494- MPa

ALLOWABLE HOOP STRESS: a

CHECK FOR HOOP STRESS OPER := if{g,, > @), "DESIGN IS SAFE" ."DESIGN IS NOT SAFE")

CHECK FOR HQOP STRESS OPER = "DESIGN IS SAFE"

LONGITUDINAL STRESS CALCULATIONS:

1. LONGITUDINAL STRESS CHECK FOR RESTRAINED SECTION

LONGITUDINAL STRESS DUE TO

a, =
INTERNAL PRESSURE: lop = ¥ ho

Kop = 20.548 - MPa



LONGITUDINAL STRESS DUE TO Gy = Eo (Ly - Imin)
TEMPERATURE:

MAXIMUM LONGITUDINAL STRESS Bomane = Flon - T + E D
FOR RESTRAINED SECTIONS: HHEAAL lop =l

2R,

¥

278 MPa

Domane = 3

MINIMUM LONGITUDINAL STRESS

D
=g
FOR RESTRAINED SECTION:

Lamine * lop ~ Loy ~ 2R

I
I

[}

glominr = -43.589-MPa

2. LONGITUDINAL STRESS CHECK FOR UN-RESTRAINED SECTION

MAXIMUM LONGITUDINAL STRESS Cpomary = 0503, + E—2
FOR UN RESTRAINED SECTION: .

ho ™ =5,
2R,

Tjomaxy = 73-681-MPa

MINIMUM LONGITUDINAL STRESS By = 056, — E-—2
FOR UN-RESTRAINED SECTION Hominy o R,

g2
19

Lominy = —5-186-MPa

ABSOLUTE MAXIMUM LONGITUDINAL STRESS
IS THE MAXIMUM AMONG ABOVE 4 VALUES:

Tomax = M(glomaxr’glon]inr‘glomaxu‘g!ominu)

Tiomax = 73:681-MPa




EQUIVALENT STRESS CALCULATIONS

VON MISES COMBINED STRESS CRITERIA

to | —

Leomaxr = 59.327-MPa
1
‘s ) 3
Zoominr = 97-862-MPa
]
5
5 , 5
'f\:ﬂgé lbﬂg—thEgrLgXﬁ\lLEEg;Esg'ﬁg?\js Loomaxu = (E.h_ﬂ * Fomaxu ~ Qm-‘ll_o_nxw)
Teomaxu = 71.229-MPa
1
5
5 , ;
AMEIAETSIES (5 S~ )
Zeominy = 71229 MPa

ABSOLUTE MAXIMUM EQUIVALENT
STRESS 1S MAX. OF ABOVE 4 VALUES:

Zeabsoluteo = m"—"{Q'::nmaxr'Ecominr'Qv:omaxu'gcominu)

=97.862-MPa

Feabsoluteo

ALLOWABLE EQUIVALENT STRESS IN "
OPERATING CONDITION: Doallow = 0-72-SMYS = 3.226 X 10" Pa

CHK_FOR L. STRESS OPER := if(Gy 11w > Teabsolutca: PESIGN IS SAFE" . "DESIGN IS NOT SAFE

CHK FOR 1. STRESS OPER = "DESIGN IS SAFE"



2.) FOR HYDROTEST CONDITION:

HOOP STRESS CALCULATION:

WALL THICKNESS FOR 4= Lo = 0.012m
HYDROTEST CONDITION: .
HOOP STRESS IN PIPE : oy = i:(EM - Buy) %‘u]

@y = 71.718:MPa
Qéﬁqom%%ﬁ'g?f STRESS @y = 09SMYS = 4.032x 10°Ba

CHECK_FOR_HOOP STRESS HYD := if{g,1 > @)y, "DESIGN IS SAFE" . "DESIGN IS NOT SAFE")

CHECK FOR HOOQP STRESS HYD = "DESIGN IS SAFE"

LONGITUDINAL STRESS CALCULATIONS:
1. LONGITUDINAL STRESS CHECK FOR RESTRAINED SECTION

LONGITUDINAL STRESS DUE TO

g, =y
INTERNAL PRESSURE: thp *= ¥ Zhh
g‘mﬂ =2]1.515MPa
LONGITUDINAL STRESS DUE TO an = Ea(To . - T
TEMPERATURE: Tht (Tanax = L)
@y = 18.164-MPa
D
MAXIMUM LONGITUDINAL STRESS N )
FOR RESTRAINED SECTION: thmaxg ™™ Shp "M = R

9

hmaxe = 42.785-MPa



il

MINIMUM LONGITUDINAL STRESS
FOR RESTRAINED SECTION:

"
S)

Chhming

Thyminr = ~10-082-MPa

2. LONGITUDINAL STRESS CHECK FOR UN-RESTRAINED SECTION

. D
MAXIMUM LONGITUDINAL STRESS Dpmaxy = 03y + B0
FOR UN RESTRAINED SECTION: e

- 7
Dhmaxy = 7329% 10 Ba

Im

D
MINIMUM LONGITUDINAL STRESS Ciing = 0-5%p = B 5
FOR UN RESTRAINED SECTION: Tk
T hming = 3575 MPa
ABSOLUTE MAXIMUM LONGITUDINAL STRESS:
(MAX. OF ABOVE 4 - VALUES)
Thmax = '—w(g-lhmuxr'glhminr‘-‘-’-lhmuxu'g-lhmiuu)

lhmax = 75-292-MBa

EQUIVALENT STRESS CALCULATIONS:

VON MISES COMBINED STRESS CRITERIA

B

&

MAXIMUM EQUIVALENT STRESS
FOR RESTRAINED SECTION:

= 62.494-MPa

DLehy maxr

)
Tohmaxr = (g-l_]_h_ * Dhmaxr ~ Thiv Dhmaxe

to | —



MINIMUM EQUIVALENT STRESS
FOR RESTRAINED SECTION:

to | —

) -

. = ( Oy + O [ . .
Dopmine = *Ehh ¥ Zlhmine ~ Zhh ﬂlhmmr)

Copymine = 95043 MPa

12| —

d i
MAXIMUM EQUIVALENT STRESS g, = (g, = S i
FOR UN-RESTRAINED SECTION:  Shmasu™ {7hh = Thmaxy = “hh

AN
hh “lhmaxu J

—n

T emaxy = 7357 MPa

MINIMUM EQUIVALENT STRESS _ ( 2 2
FOR UN-RESTRAINED SECTION: Dehminu = \Zhh glhminu)

hh * Lhminu ~ Shh'

1
2
Dohminy = 73-57-MPa

ABSOLUTE MAXIMUM EQUIVALENT STRESS
IS MAX. OF ABOVE 4 VALUES:

Teabsoluteh = m—“’i(gchmuxr'ﬂelnninr'gchmuxu"—Tchminu

Zeabsoluteh = 93043 MPa

ALLOWABLE EQUIVALENT STRESS
IN HYDROTEST CONDITION: © gy = 1-SMYS = 4.8 x 10° pa

CHECK FOR L STRESS HYD:= if (@ > Zouhcoluich: 'DESIGN IS SAFE" . "DESIGN IS NOT SAFE

CHECK_FOR_1. STRESS_HYD = "DESIGN IS SAFE"




BUCKLING CHECK:

PIPE COLLAPSE (EXTERNAL PRESSURE CAPACITY):

INSTALLATION CONDITION

WALL THICKNESS FOR INSTALLATION CONDITION: Lipg = 0012m
(Q = Ly \l)
MEAN RADIUS OF THE PIPE CROSS SECTION Roninst = "—'

Ronins = 0-299m
3
Linst
ELASTIC BUCKLING PRESSURE: Rpninst
Perinu = -F=‘—.,
4(I - u’)
Beringt = 3-59-MPa

- nst U 7
Bing = (M R_. ] + l:l—)crinsl'[l + |:3'Rminst' ( 100-1; )]]:‘ =2.148x 10 Pa
= ) 1nst

l-
o SMYS B 6 405x 10" pa®

E-minsl

MINIMUM COLLAPSE PRESSURE
AT INSTALLATION: B.

19| —

Beolmininst = 2

P

Beolminingt = 3-577-MPa



1
MAXIMUM COLLAPSE PRESSURE

|
( N ;
5
AT INSTALLATION: i _ |Binu + \-I—in.s - 4'£in_s|)
I—gunnxin\ =

Beolmaxingt = 17:907-MPa

COLLAPSE PRESSURE IS MINIMUM OF ABOVE 2 VALUES

Pealinst = __mm(P c

Leolmininst® Ecolmaxinst)

Blolinst = 3-377-MPa

MAXIMUM EXTERNAL HYDROSTATIC PRESSURE ALONG THE PIPELINE ROUTE:

Bhossibleinst = 2 Pebi

-7
Egossiblcinst =5.162x 10 -MPa

CHECK COLPSE INST := il (Peyjiny > Ppossibleinst- "DESIGN IS SAFE” . "DESIGN IS NOT SAFE" )

CHECK COLPSE INST = "DESIGN IS SAFE"

OPERATION CONDITION:

(Q - loncr)

MEAN RADIUS OF THE PIPE CROSS SECTION: R moper = T

Rynoper = 0-3m
3
Loper
ELASTIC BUCKLING PRESSURE: R
P ) —mﬂ[!cr

Lcroper = E'—‘,
4(I - z“)
P

Peroper = 148-MPa



. loper u , 7
Bper = Lb.\IYS R !+ Ecmncr' I+ 3'l—{mnw:r"(mT = 1478 10" Pa
“Smaper /) Qp_cg)
| 8
‘oper 13,2
Coper = Bero ,cr~SMYS~R = 1.964x 107" Pa
Bmoper
I
L2
5 2
MINUIMUM COLLAPSE PRESSURE _ [Boper - (B(_\M ~ 4 Coper
AT OPERATION: Peolminoper = S
—Pcolminogcr = 1.476:MPa
1
3
MAXIMUM COLLAPSE PRESSURE B—gpe_r + ('B‘MZ -3, cr)
AT INSTALLATION: Peotmaxoper = -

Peolmaxoper = 1 3-309-MPa

COLLAPSE PRESSURE IS MINIMUM OF ABOVE 2 VALUES:
Peoloper := m(gcnlminnper'Ecolmaxopcr)

Pcoloper = 1.476-MPa

MAXIMUM EXTERNALHYDROSTATIC PRESSUREALONG THE PIPELINE ROUTE:

Phossibleaper = 2-Bebo = 0.698Fa

CHECK COLPSE OPER := if (Pcoloper > Byocsiblcoper- "DESIGN IS SAFE” . "DESIGN 1S NOT SAFE”

CHECK_COIL.PSE OPER = "DESIGN IS SAFE"



BUCKLING INITIATION (INSTALLATION)

]’.()()4

BUCKLE INITIATION PRESSURE

P. .
=ninst
I 121998 m

WATER DEPTH CORRESPONDING
TO BUCKLE INITIATION PRESSURE Lininst

MAXIMUM POSSIBLE WATER DEPTH
ALONG THE PIPELINE ROUTE

i (dipinst > Yininax- "PESIGN IS SAFE." . "DESIGN IS NOT SAFE")

CHECK BI INST = "DESIGN IS SAFE.”

CHECK _BI_INST :=

BUCKLE PROPOGATION (INSTALLATION):

st |
Borinu = 115 KM[D“}
(-— il's‘l)

P inst = 0-642-MPa

BUCKLE PROPOGATION PRESSURE

—Qp rinst
WATER DEPTH CORRESPONDING TO THE d ——— =63.828m
BUCKLING PROPOGATION PRESSURE: peinst ™ Gy e)



MAXIMUM POSSIBLE WATER DEPTH iy = 25675 m
ALONG THE PIPELINE ROUTE g

CUECK BP INST = if (i > dinnay "DESIGN IS SAFE" . "DESIGN 1S NOT SAFE" )

CHECK BP INST = "DESIGN IS SAFE"

BUCKLING INITIATION (OPERATION)

) 2.064
oper
BUCKLE INITIATION PRESSURE Pinoper = 002 E‘( b )
Eino[;cr =0.673-MPa
WATER DEPTH CORRESPONDING P
TO BUCKLE INITIATION PRESSURE di ooy = — = 66.983m
Q“; v'g

MAXIMUM POSSIBLE WATER DEPTH & = (d o+ d st doo + 67
ALONG THE PIPELINE ROUTE opermax = (dmax * dotide * doss oswh)

dopermax = 34.72m

CHECK_BI OPER := if{d;yoner > dopermay-"DESIGN IS SAFE” . "DESIGN IS NOT SAFE" )

CHECK BI OPER = "DESIGN IS SAFE"



BUCKLE PROPOGATION (OPERATION}:

Lper | ;
N o = AV Qper - - S
BUCKLE PROPOGATION PRESSURE ~ Zproper = 1113 T 8MYS | == ] = 3553x 10 B
ATotoper
Epmpcr = 0.355-MPa
Porope
WATER DEPTH CORRESPONDING TO THE 4 oper = TP = 35.346m
BUCKLING PROPOGATION PRESSURE: (2wge)
MAXIMUM POSSIBLE WATER DEPTH dopermax = 34.72m
ALONG THE PIPELINE ROUTE Spermax
CHECK BP OPER := if (4, oner > Yopermax: 'PESIGN IS SAFE” ."DESIGN IS NOT SAFE")

CHECK BP OPER = "DESIGN IS SAFE"



Pipeline Wall Thickness Calculation of 14” Pipeline
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PIPE DATA

NOMINAL OUTSIDE DIA OF PIPE:

CORROSION ALLOWANCE:

PERCENTAGE OVALITY:

MINIMUM LAYING RADIUS:

MATERIAL DATA:

YOUNGS MODULUS:

POISSONS RATIO:

COEFFICIENT OF THERMAL EXPANSION:

SPECIFIED MINIMUN YIELD STRENGTH:

PROCESS DATA:

INTERNAL DESIGN PRESSURE
(OPERATING CONDITION):

HYDROSTATIC TEST PRESSURE:

DESIGN TEMPERATURE
{OPERATING CONDITION:)

CA = 3mm

U:=2%

= 1600m

E:= 207.(10)°

4
[}
i
=]

N
2
m

m

117.0079)
a=—

AC

SMYS := 448MPa

Bioper =

Elm = 1‘4'Eioper
Ty:= 33°C

6

20.bar =2 x 10°Pa

=28x 10°Pa



DESIGN PARAMETERS:

CODE FOLLOWED FOR DESIGN CALCULATIONS:

DESIGN FACTOR:

TEMPERATURE DERATING FACTOR:

ENVIRONMENTAL DATA:

MINIMUM SEA WATER DEPTH:

MAXIMUM SEA WATER DEPTH:

STORM SURGE (OPERATING CONDITIONY):

STORM SURGE (INSTALLATION CONDITIONY):

MINIMUM SEA WATER TEMPERATURE:

MAXIMUM SEA WATER TEMPERATURE:

WAVE HEIGHT (OPERATING CONDITION):
WAVE HEIGHT (INSTALLATION CONDITION):
HEIGHT OF ASTRONOMICAL TIDE

{OPERATING CONDITION): -

HEIGHT OF ASTRONOMICAL TIDE
(INSTALLATION CONDITION):

DENSITY OF SEA WATER:

DnV 1981
E, =072
511= 1
gmi_n =1m
9max == 16m
Gogs = 2m
djsy = 2m
Tyin = 228
Iﬂl& = 30.32C
dogwh = 16m
gi_S!/_ll = 2.5m
dotide = 2m
‘—]ili_e =2m
Qyg



CALCULATIONS :

EXTERNAL PRESSURE:

1. INSTALLATION CONDITION:

FOR BUCKLING CHECK:

FOR STRESS AND STABILITY CHECK:

2. HYDROTESTING CONDITION

FOR STRESS AND STABILITY CHECK:

3. OPERATING CONDITION:

FOR BUCKLING CHECK:

Pesh = dinin Oy —
10
Py =001 Ba
Pepo = (dmax * dotide
Pupo = 0.309Pa

Loy = (dmas * Diide * i
.= 0.218P;
Bup; = 0-218Pa
g
—EL_\;i = dmin LY




.

WALL THICKNESS CALCULATION:

H H . pv— = (_l inF -! ).Q W'
External hydrostatic condition: Leso min 7 Loss) Bwy
(during operating condition})
By = 003P2
EQUIVALENT WALL THICKNESS: leg= [(gio eor — Pog .
leg = 1.102-mm

WALL THICKNESS: L= g + CA =4.102mm

CORRESPONDINGN NOMINAL WALL THICKNESS FROM API 5L

Lhom ™= 7.9mm

Linst = lnom



STRESS CHECK:

1) FOR OPERATING CONDITION:

HOOP STRESS CALCULATION:

WALL THICKNESS FOR OPERATING aper = bpom = CA = 4.9 mm
CONDITION:
. D
HOOP STRESS IN PIPE: o= (Pioper ~ Peso) T
- Soper
T = 72.571-MPy

ALLOWABLE HOOP STRESS: O oo = 0.72-SMYS

oo = 322.56-MPa

CHECK FOR HOOP STRESS OPER := if(g,, >g),."DESIGN IS SAFE" ."DESIGN IS NOT SAFE")

CHECK FOR HQOP STRESS QPER = "DESIGN IS SAFE"

LONGITUDINAL STRESS CAL CULATIONS:

1. L ITUD! HE RESTRAINED SECTION

LONGITUDINAL STRESS DUE TO ~
INTERNAL PRESSURE: Yop = L'y



LONGITUDINAL STRESS DUE TO @ = B (Ty - T
TEMPERATURE:
@y = 24703 M
D
MAXIMUM LONGITUDINAL STRESS o =gy -y - 2
FOR RESTRAINED SECTIONS: lomaxe = Hop “Hot 7= 5 g
Domaxr = 20071 MPa
MINIMUM LONGITUDINAL STRESS . D
FOR RESTRAINED SECTION: Lominr = Zop ~ Ty ~ E SR
¢
oming = ~25.935-MPa

2. LONGITUDINAL STRESS CHECK FOR UN-RESTRAINED SECTION

MAXIMUM LONGITUDINAL STRESS Bpomany = 050, + B2
FOR UN RESTRAINED SECTION: ‘ ho " =5 R,
Domaxu = 39.289-MPa
MINIMUM LONGITUDINAL STRESS Thomina = 058 ~ B ==
FOR UN-RESTRAINED SEGTION lominu ™ Tho =5 R,
Fjominy = 13-283-MPa

ABSOLUTE MAXIMUM LONGITUDINAL STRESS
IS THE MAXIMUM AMONG ABOVE 4 VALUES:

omax = ma"(glumaxr‘"—"lominr'E oma xu'glnminu)

Tomax = 59.289-MPa



EQUIVALENT STRESS CALCULATIONS
VON MISES COMBINED STRESS CRITERIA

vo | —

7 By 5 \
"\:ﬁggIgggrggltfillgél-SEE'\ngsgﬁEss Feomaxr = \Tho * Domaxr ~ Tho Q'-Inmnxr)
Deomaxr = 04907 MEa
1
\ 2
MINIMUM EQUIVALENT STRESS a. . =lg 2 fay 2 o g
FOR RESTRAINED SECTION: Teomint ( ho lomine ~ Zho' Yomine/
Feominr = 88-438-MPa
1
2 ) 2
MAXIMUM EQUIVALENT STRESS Seomaxu = (gh_oh * Somaxy ~ Zho g]omaxu)

FOR UN-RESTRAINED SECTION:

Feomaxy = 06-926-MPa

1
2

MINIMUM EQUIVALENT STRESS G = (a fra Poa g )
FOR UN-RESTRAINED SECTION: Zeominy “ho lominu = *ho ¥ominu
Feominy = 60-926-MPa
ABSOLUTE MAXIMUM EQUIVALENT
STRESS IS MAX. OF ABOVE 4 VALUES:
Deabsoluteo = M(gcomuxr'geominr'‘—’cnmaxu'gx’ominu)

Leabsoluteo = 88:438-MPa

ALLOWABLE EQUIVALENT STRESS IN 8
OPERATING CONDITION: Dogllow = 0-72:SMYS = 3.226 x 10” Pa

CHK FOR L. STRESS OPER ‘= if{€, 110w > Teabsoluteo "DESIGN IS SAFE" , "DESIGN IS NOT SAFE

CHK FOR I, STRESS OPER = "DESIGN IS SAFE"



2.) FOR HYDROTEST CONDITION:

HOOP STRESS CALGULATION:

WALL THICKNESS FOR oo oo 3
HYDROTEST CONDITION: = lpom = 79X 10 m
. r D
HOOP STRESS IN PIPE : ayy = Ugm -p, sh).?;]
th =63.018-MPa
ALLOWABLE HOOP STRESS "
FOR HYDROTEST: Dahh = 0.9SMYS = 4.032% 10" Pa

CHECK FOR HOOP_STRESS HYD:= if (g > @y "DESIGN IS SAFE" . “DESIGN IS NOT SAFE")

CHECK FOR HOOP STRESS HYD = "DESIGN IS SAFE"

LONGITUDINAL STRESS CALCULATIONS:

1. LONGITUDINAL STRESS CHECK FOR RESTRAINED SECTION

LONGITUDINAL STRESS DUE TO Dypps = VT
] lhp -~ *=">*hh
INTERNAL PRESSURE:

glhll = 18.905-MPa

LONGITUDINAL STRESS DUE TO = BT T
TEMPERATURE: i (Tmax ~ Tmin)
Oy = 18.164-MPa
MAXIMUM LONGITUDINAL STRESS oy =y gy s B2
FOR RESTRAINED SECTION: thmaxe = Hhp ~ A " EG g
= 23.744-MPa

Dhmaxr




MINIMUM LONGITUDINAL STRESS Tamine = 2
FOR RESTRAINED SECTION: D - Re

. =D .
Thming = ~----0- AL

2. LONGITUDINAL STRESS CHECK FOR UN-RESTRAINED SECTION

MAXIMUM LONGITUDINAL STRESS Sppymaxy = 058, + E L
FOR UN RESTRAINED SECTION: — = 2R
Fhmaxy = 3451 X '07&
o D
MINIMUM LONGITUDINAL STRESS Dminu = 03y - B
FOR UN RESTRAINED SECTION: T
Lyhminy = 8-506:MPa

ABSOLUTE MAXIMUM LONGITUDINAL STRESS:
{MAX. OF ABOVE 4 - VALUES)

Tjpy = max( . )
Dhmax = M) maxe Lihmine Lhmaxu - Ehminu)

D)hmay = 34-512-MPa
EQUIVALENT STRE LCULATIONS:
VON MISES COMBINED STRESS CRITERIA
1
>
2 2 -
ygg'gﬁggrgglﬂgglﬁggrfgﬁfss Fahmaxr = (-qh_h * Dhmaxr ~ gh_h'glhmaxr)

Do = 55125 MPa



MINIMUM EQUIVALENT STRESS _ ” > 3
FOR RESTRAINED SECTION: Tomine = LI~ Thmine ~ -th'ﬂllnninr)

to | —

Cehmine = 76.614-MPa

1o | —

A 2 N
MAXIMUM EQUIVALENT STRESS o SUNIURUNECT (7, SRR, NURUUR, Sy, SO
FOR UN-RESTRAINED SECTION: =chmaxu (—h_h lhmaxu hh Ihm.\.\u)

= 59 275.MP:
Dopaxy = 39-225-MPa

MINIMUM EQUIVALENT STRESS _ ( 2 2
FOR UN-RESTRAINED SECTION: Sehming = \Chh + < Emminu)

|-

minu  ~ Ehiy

- = 59.2975. o
Tehminu = 39-225-MPa

ABSOLUTE MAXIMUM EQUIVALENT STRESS
IS MAX. OF ABOVE 4 VALUES:

A

absoluteh = M(-qchmuxr'gehminr'Qv:hmm(u'Szchminu)

Teabsoluteh = 76.614-MPa

ALLOWABLE EQUIVALENT STRESS

- - 8
IN HYDROTEST CONDITION: Gy = 1-SMYS =448 x 10" Pa

CHECK FOR L STRESS HYD := if(8,, > Geupsalutch " DESIGN IS SAFE" , "DESIGN 1S NOT SAFE

CHECK FOR 1. STRESS HYD = "DESIGN IS SAFE"



BUCKLING CHECK:

PIPE COLLAPSE (EXTERNAL PRESSURE CAPACITY):

INSTALLATION CONDITION
L= 79% 10 ' m
WALL THICKNESS FOR INSTALLATION CONDITION: finst T =
(D ~ Lins )
MEAN RADIUS OF THE PIPE CROSS SECTION Rpina = ———
- 2
Riingt = 0-174m
(g )
ELASTIC BUCKLING PRESSURE: LRm' .
Lmins
Peripy = E S
41 —_")
Ecrin.s! =35.336-MPa

" . -
. “inst 9] 7
—B-m = | SMYS- * -Ecrinsl'[l 3R ping =2.576x 10" Pa
Rini L (loo'lill\ )

inst i4
Cinst = Beriny SMYS === = 1.086x 10" Pa
=minst

1

MINIMUM COLLAPSE PRESSURE [ \;

: 2 ’
AT INSTALLATION: B - (-Bin_> Cacy,
Peolmininst =

Peolminingt = 5-311-MPa



MAXIMUM COLLAPSE PRESSURE
AT INSTALLATION:

1o} —

hd 5
p [Pt T\ Bipst T +Cinu
Scolmgninst

Peolmaning = 20453 MPa

COLLAPSE PRESSURE IS MINIMUM OF ABOVE 2 VALUES

Peolins = m(Ecnlmininsl'Ec

naxinst

Peolingg = 3-311-MPa

MAXIMUM EXTERNAL HYDROSTATIC PRESSURE ALONG THE PIPELINE ROUTE:

P

= 2P
“possibleinst - 2-Bop

-7
EQos.s‘iblcin.s't =4.357x 10 -MPa
CHECK COLPSE INST := if{Pyojing > Possibleinst- "DESIGN IS SAFE” . "DESIGN IS NOT SAFE")

CHECK COLPSE INST = "DESIGN IS SAFE"

OPERATION CONDITION:
(2~ )
. =~ loper
MEAN RADIUS OF THE PIPE CROSS SECTION: Rmo ser = —2—
KI“J!D-‘J =0175m
3
Loper
ELASTIC BUCKLING PRESSURE: R
= r
—Pcrgpcr =E N
4(! - u‘)
P.



oo loper ) Pl v I 7
—Bgm_c_r = [SM\S.R—— l + I—,\'mpcr b “'Kmnpch [} =1.379x 10" Pa
=moper ( -QM) :
. roe loper . 132
Coper = Bgropey SMYS— = 1.553% 10 Pa
v~mupcr
1
, 2
MINUIMUM COLLAPSE PRESSURE [ Boper - (B-o er ~+Coper
AT OPERATION: Eeaiminoper = 5
B, colminoper = 1.238-MPa
1
. 2
MAXIMUM COLLAPSE PRESSURE Byper * (Bml -4
AT INSTALLATION: Peatmaxaner = :
12.549-MPa

—Pcolmuxnper =

COLLAPSE PRESSURE IS MINIMUM OF ABOVE 2 VALUES:

Peolopey := m—'"(—Pcolminogcr'—Pcolmaancr)

Pcoloper = 1.238-MPa

MAXIMUM EXTERNALHYDROSTATIC PRESSUREALONG THE PIPELINE ROUTE:

P

Bpossibleoper = 2-Bebg = 0.618Pa

CHECK COLPSE OPER := if(Pcoloper > Ppyyibleoper: "DESIGN IS SAFE" , "DESIGN IS NOT SAFE"

CHECK COLPSE OPER = "DESIGN IS SAFE"



BUCKLING INITIATION (INSTALLATION)

2064
BUCKLE INITIATION PRESSURE B i = 002 f - )
Pining = 1601-MPa
WATER DEPTH CORRESPONDING - Dot
TO BUCKLE INITIATION PRESSURE ininy = ot 159.321 m
MAXIMUM POSSIBLE WATERDEPTH 4. = fd 4 4 di 4 67d .
ALONG THE PIPELINE ROUTE “inmax = max * Stide * S iswh)
d: =21.675m

=mnax

>d:

CHECK_BI INST := if (djniny > dinmas-

"DESIGN IS SAFE." ."DESIGN IS NOT SAFE")

inins

CHECK B] INST = "DESIGN IS SAFE."

BUCKLE PROPOGATION (INSTALLATION):

o}
ng |
BUCKLE PROPOGATION PRESSURE Poviny = '-'5'K‘5———MYS‘[(F)
L2~ linyg
Eprinsl = 0.836-MPa
WATER DEPTH CORRESPONDING TO THE _ Poing
BUCKLING PROPOGATION PRESSURE: doving = 7- 5 =83.124m

" (oug?)




MAXIMUM POSSIBLE WATER DEPTH di = 21.675m
ALONG THE PIPELINE ROUTE B

CHECK BP_INST := '_I'(Ll Y CDESIGN IS SAFE™ J"DESIGN 1S NOT S:\I‘E")

prinst ~ Sinmax

CHECK _BP_INST = "DESIGN IS SAFE"

BUCKLING INITIATION (OPERATION)

20064
Lone
P, =0.02|E| =2
BUCKLE INITIATION PRESSURE Zinoper b
Binaper = 0-598-MPa
WATER DEPTH CORRESPONDING Pinoper
TO BUCKLE INITIATION PRESSURE A L)—L\\“"g = 59.418m

MAXIMUM POSSIBLE WATER DEPTH d
ALONG THE PIPELINE ROUTE

CHECK BJ OPER := if (diponer > dgpermay- "DESIGN IS SAFE" ."DESIGN IS NOT SAFE" )

CHECK BI OPER = "DESIGN IS SAFE"



BUCKLE PROPOGATION (OPERATION):

c  enrw foper 5

BUCKLE PROPOGATION PRESSURE ~ Eproper = 113 T3MYS T J = 316X 107 Pa

=" Coper

-Epmpcr =0.316:MPa

WATER DEPTH CORRESPONDING TO THE _ Byoper
BUCKLING PROPOGATION PRESSURE: Spraper = (taes) AAHm

E‘:‘
MAXIMUM POSSIBLE WATER DEPTH
ALONG THE PIPELINE ROUTE dopermax = 30-72m

CHECK BP OPER := if(dp yper > dopermax: 'DESIGN IS SAFE" . "DESIGN IS NOT SAFE")

CHECK BP_OPER = "DESIGN IS SAFE"



On Bottom Stability Analysis of 48” Pipeline
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INPUT DATA
PIPELINE PARAMETERS:
STEEL PIPE OUTER DIAMETER:

WALL THICKNESS:
CORROSION ALLOWANCE

DENSITY OF STEEL:

ANTICORROSION COATING THICKNESS:

ANTICORROSION COATING DENSITY:

CONCRETE COATING THICKNESS:

DENSITY OF CONCRETE COATING:

CONCRETE SATURATION(%):

CONTENT DENSITY:

MARINE GROWTH DENSITY:

SEA WATER PARAMETERS

MASS DENSITY OF WATER:

KINEMATIC VISCOSITY OF SEA WATER:

coat -

OD := {8in
t:= 20.omm

a = omm

N
Psteel = 7830 —

m

tac = S5mm

kg

= 1400 —
Pac 3

m

= 176mm

kg

Pcoat = H040—

m

conc = 4

g
Pcont:=0 —
m’

k
Pmg:= 1025 —’;

m’

k
Pw = IOZS;Q3

m
5

vi= 1051000 M
S



>

SOIL PARAMETERS:

MEAN GRAIN SIZE:

BOTTOM ROUGHNESS PARAMETER:
SOIL FRICTION FACTOR:

MARINE GROWTH THICKNESS:

ENVIRONMENTAL PARAMETERS:

WATER DEPTH

SIGNIFICANT WAVE HEIGHT:

HEIGHT ABOVE SEABED AT WHICH VELOCITY
AND ACCLERATION IS COMPUTED:

WAVE PERIOD:

STEADY CURRENT VELOCITY:

STEADY CURRENT HEIGHT:

dgg = 0.50mm
2g:= 417100 Im
pe= 035
tmg = (0mm
d:= 10m
Hw = 2.5m
HZ ;= 48in
Tp = 9sec
m
Vo= 1| —
€7 " sec
Zr.‘ = d



CALCULATIONS

AVALIABLE WALL THICKNESS :

HYDRODYNAMIC DIAMETER:

INTERNAL DIAMETER:

L=t-15=206mm
. 3
Dhyg = OD + 2 (tae * teoat *+ tmg) = 1.581 x 10" mm

ID:=0D-2-t=1.178m

ANTICORROSION COATING DIAMETER: Dy = OD + 2ty = 1.229m

CONCRETE COATING DIAMETER:

CONTENT MASS:

STEEL MASS:

ANTICORROSION COAT MASS:

COATING MASS:

SATURATED MASS:

MARINE GROWTH MASS:

BOUYANCY

Deoat = Dac + 2 teoat = 1381 M

2
('D 'pcon)
Meont = Ty =
o010
_ T Psteel’ oD™ -1D7). kg
Msteel = " = 608921 —

(2 2\ Pac
Mac = Tl’-kDac -0D )T = 26922

3|&

2 2\ Pcoat 1 kg
Mcoat = '"'(Dcoat ~Dye ) T =2k 10

sconc kg

— — . = ) 3-——-
Mcoatsat = (' * 00 ] Mcoat = 2456 107 —

Pmg kg

2 2
Mmg = “"(Dhyd =~ Deoat )'_'-4 = U“r;

p
= T Dpyg’ — = 2013 10358

BU oy 4 m




AIR FILLED SUBMERGED WEIGHT:

N 1 kg

Wsub_a = (Msteet * Mac * Meoatsat - Mimg - Buoy)‘g =L059x 07—
e

3 kgf

Wsub_a =1.08x 10 _nT

CONTENT FILLED SUBMERGED WEIGHT:

= - 4 kg
wSUb = Wsub_a + Mcont-g =1.059%x 10 —2

S

kgf
Wy = 1.08 x 107 —=
sub m

SPECIFIC GRAVITY CHECK:

. (Wsub_a+ Buoy'g) _
Buoy'9

SG 1.536

STEADY CURRENT VELOCITY . (USING 1/7 TH POWER LAW): (VM)

SELECTED HEIGHT ABOVE SEA BED: Zo=d
HEIGHT ABOVE SEABED FOR SPECIFIED CURRENT VELOCITY Zp, = 48in
v
Vi = Y i




.

DESIGN WAVE PREDICTION USING WAVE THEORY:

AFTER PLOTTING

H d
—L’ VERSUS GRAPH

WE GET WHICH THEORY TO FOLLOW

IN THIS CASE IT LIES IN AIRY'S REGION

2

T
P

DEEP WATER WAVELENGTH: =g —— = 126423

LDWW =g T 126.423-m
LET X:= =0.079
DWW
CORRESPONDINGLY THE VALUE OF = 9.0.1223 (FROMTABLE)

Lswp

WAVE LENGTH AT SPECIFIED WATER DEPTH

L = d = 81.766

SWD ™~ g a3 =700

LET = =2 o0n3

gTp”
CHECK := if(S < 0.8."IT IS NOT DEEP WATER SITUATION" , "DEEP WATER SITUATION" )

CHECK = “IT IS NOT DEEP WATER SITUATION"
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MAXIMUM HORIZONTAL INDUCED VELOCITY:

Lswp
UM = HW'z-Tp-d = I.l?n()-rE

S

HORIZONTAL PARTICLE ACCLERATION:

U

Ay = 27—~ 0793
p= 2T =0793—
Tp JE
HYDRODYNAMIC COEFFICIENTS:
Dhyd
Be= vm-Ty = Li15x 10°
CURRENT TO WAVE RATIO: v
M:= _m =0.652
U
Tp
LOAD PARAMETER: K = Vo —— = d.214
D

hyd



DRAG COEFFICIENT:
if Re<3000000 AND M>=0.8, OTHERWISE

Cp := if(Re < 300000, 1.2,0.7)

CD =07

LIFT FORCE COEFFICIENT:

CL = (.8
DRAG FORCE:
V= Vi + 07Uy = 1.535%
2 1 kg
Fp:= 0.5~pw~CD~OD~V = 1.031x 10 >y
2
INERTIA FORCE: Ci:=329 FOR PIPE
A
]
Fl = WOszwCIT =3.121x |03k—?
:
LIFT FORCE:
FL:= 0.5-p,y-CL-OD-V = 1178 lo-‘k—f
:
STABILITY CRITERIA: "
FS:= (Wg,pn — Fi ) ——— = 1.133
sub ~ 'L :
Maub ~Fu) 5 )

CHECKgTABILITY := If(FS> 1.1, "STABLE" , "UNSTABLE")

CHECKSTABlLlTY ="STABLE"
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INPUT DATA

PIPELINE PARAMETERS:

STEEL PIPE OUTER DIAMETER: 0D := 2din
WALL THICKNESS: t:= 19.05mm
CORROSION ALLOWANCE 1gq = Omm
.. kg
DENSITY OF STEEL: Psteel = 7850—
o
ANTICORROSION COATING THICKNESS: tye = Smm
ANTICORROSION COATING DENSITY: Pac = 1400"_5"
"
CONCRETE COATING THICKNESS: tcoat = 30mm
DENSITY OF CONCRETE COATING: Peoat = 3040"—91
o
CONCRETE SATURATION(%): Sconc = 4
CONTENT DENSITY: - ok
: Peont = p
m
— O') kg
MARINE GROWTH DENSITY: Pmg = 1023—=
m
SEA WATER PARAMETERS
MASS DENSITY OF WATER: Py = 1025 k—i
o

-

KINEMATIC VISCOSITY OF SEA WATER: vi= 1051009 T
S



SOIL PARAMETERS:

MEAN GRAIN SIZE: dgq = 0.50mm
BOTTOM ROUGHNESS PARAMETER: zg:= 4.17-100 ¥m
SOIL FRICTION FACTOR: pi= 05

MARINE GROWTH THICKNESS: tmg := 0mm

ENVIRONMENTAL PARAMETERS:

WATER DEPTH d:= 10m

SIGNIFICANT WAVE HEIGHT: Hy = 2.5m

HEIGHT ABOVE SEABED AT WHICH VELOCITY Hz := 2din

AND ACCLERATION IS COMPUTED:

WAVE PERIOD: Tp = 9sec

STEADY CURRENT VELOCITY: .
¢ ' Gan

STEADY CURRENT HEIGHT: Z,4:=d



CALCULATIONS

AVALIABLE WALL THICKNESS :

HYDRODYNAMIC DIAMETER:

INTERNAL DIAMETER:

ANTICORROSION COATING DIAMETER:

CONCRETE COATING DIAMETER:

t=t-t,5=1V05mm

Dhyd = OD + 2 {ta¢ + teoat = tmg) = 779.6-mm

ID:=0D-2t=057Im

Dac = 0D + 2y =0.62m

Dcoat = Dac + 2~tcoat =0.78m

2
CONTENT MASS: ('D Pcon )
Mcont = T
(007 - 107)
STEEL MASS: Moo . T Psteel 0D -ID7 kg
steel = " = 277441
P
ANTICORROSION COAT MASS: Mag = 7:(Dyo’ - OD?) == 13516 L
m
. 2 2} Pcoat k
COATING MASS: Mgoat = 1r~( Deoat” - Dac ) = 534.519 ;9



SATURATED MASS:

MARINE GROWTH MASS:

BOUYANCY

Mcoatsat == { -

\ 100 coa m

2 2} Pmg kg

Mg = "'(\Dhyd - Deoat ) ™
kg

2 Fw
Buoy = Tl'Dhyd T =489.28 m

AIR FILLED SUBMERGED WEIGHT:

- ‘ < 3
Wsub_a = (Msteet * Mac + Meoatsat Mmg - Buoy)'g =3.507x 10

kg

el

)

kgf

W, = 357577 —
sub_a m

CONTENT FILLED SUBMERGED WEIGHT:

= - 3
Wsub = Wsub_a * Mcont'g =3.507x 10° =

SPECIFIC GRAVITY CHECK:

SG

_ (Wsub_a + Buoy'9)

kg

kgf
Wsub = 357.577‘F

= 1731

Buoy 9



STEADY CURRENT VELOCITY , (USING 1/7 TH POWER LAW): (VM)

SELECTED HEIGHT ABOVE SEA BED:

HEIGHT ABOVE SEABED FOR SPECIFIED CURRENT VELOCITY Zpp = 48in

DESIGN WAVE PREDICTION USING WAVE THEORY:

AFTER PLOTTING

H d
__W VERSUS 2 GRAPH
WE GET WHICH THEORY TO FOLLOW

IN THIS CASE IT LIES IN AIRY'S REGION

,
g
DEEP WATER WAVELENGTH: Loww = g.zi = 126.423-m
i



LET X:= =0.079

Loww

d
CORRESPONDINGLY THE VALUE OF Lowd ¢0.1223  (FROMTABLE)

WAVE LENGTH AT SPECIFIED WATER DEPTH

L - d -
SWD = o223 - 81.766m

d
LET  §= —— =00I3
gTp

CHECK := if (S < 0.8."IT IS NOT DEEP WATER SITUATION" . "DEEP WATER SITUATION")

CHECK = "IT 1S NOT DEEP WATER SITUATION"

MAXIMUM HORIZONTAL INDUCED VELOCITY:

L
UM = Hyy SWD = |.|36m
2-Tp'd s

HORIZONTAL PARTICLE ACCLERATION:

Um m
AM = 2-1\'--1:—' = 0.793—‘,
P s”



4]

Dhyd

5

HYDRODYNAMIC COEFFICIENTS: Re;=Vnq- =5497% 10
h W u
Vrn
CURRENT TO WAVE RATIO: M:= — =652
M
Tp
LOAD PARAMETER: Ki = Vi =8.547
' Dhyd
DRAG COEFFICIENT:

if Re<3000000 AND M>=0.8, OTHERWISE

Cp := if (Re < 300000, 1.2,0.7)

CD =07

LIFT FORCE COEFFICIENT:

CL = 0.8



>

DRAG FORCE. Y= Vm + l).7UM = l.535£n-
g S

. 5 2.5 (¢ kg
Fp:= 0.5-0,,,-Cp-0OD-V =315.4)5—2-
s

INERTIA FORCE: cl = 329 FOR PIPE
Ay k
FI = “oDz.pw'cl.T = 780.329 _g
JE)
LIFT FORCE: , K
FL = 0.5-pyCp -OD-V? = 589.138 ——
*
2
STABILITY CRITERIA:
FS:= (Wgyp - F )-—‘L = 1126
= Msub~FL (FD+FI)_ e

CHECKgTABILITY := if(FS > 1.1, "STABLE" , "UNSTABLE")
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INPUT DATA

PIPELINE PARAMETERS:

STEEL PIPE QUTER DIAMETER:
WALL THICKNESS:
CORROSION ALLOWANCE

DENSITY OF STEEL:

ANTICORROSION COATING THICKNESS:

ANTICORROSION COATING DENSITY:

CONCRETE COATING THICKNESS:

DENSITY OF CONCRETE COATING:

CONCRETE SATURATION(%):

CONTENT DENSITY:

MARINE GROWTH DENSITY:

SEA WATER PARAMETERS

MASS DENSITY OF WATER:

KINEMATIC VISCOSITY OF SEA WATER:

0D = I4in
t:= 15.88mm
tca = Omm
.. kg
Psteel = 783()—‘
m’
tyc = Smm
kg
= 1400 —
Pac 0 3
m

teoat = S6mm

) kg
Peoat = 3040—
m
Sconc =4
kg
Pcont =0 3
m
k
Pmg = |025—i
m
ki
Pw = |025—i
m’

2
vi= 1051000
S



SOIL PARAMETERS:

MEAN GRAIN SIZE:

BOTTOM ROUGHNESS PARAMETER:

SOIL FRICTION FACTOR:

MARINE GROWTH THICKNESS:

ENVIRONMENTAL PARAMETERS:

WATER DEPTH

SIGNIFICANT WAVE HEIGHT:

HEIGHT ABOVE SEABED AT WHICH
VELOCITY
AND ACCLERATION IS COMPUTED:

WAVE PERIOD:

STEADY CURRENT VELOCITY:

STEADY CURRENT HEIGHT:

dso = (1.50mm

zg:= 417100 Im

d:= 10m

Hw = 2.5m




-]

CALCULATIONS

AVALIABLE WALL THICKNESS L= -1y = 1585 mm

HYDRODYNAMIC DIAMETER: Dhyd = OD + 2-(tac + tooat * tmg) = +77.0-mm
INTERNAL DIAMETER: ID:=0D-2t=034m

ANTICORROSION COATING DIAMETER:  Pac = OD + 2tyc = 0.366m

CONCRETE COATING DIAMETER: Deoat = Dac + 2-tgoat = 0:478m
(10 pcom)
] ‘Pcon
CONTENT MASS: Meont = 7= =

""'psteel'(ODZ - 'Dz)

STEEL MASS: Mgyee) = y = 133.043 %
ANTICORROSION COAT MASS: M, = n.(naj - 003).p—“ —793 %9
4 m
) 2 2} Pcoat kg
COATING MASS: Mcoat = w-(ncoa, ~Dpg’ ) —— = 225482
ATURATED MASS: Sconc kg
S : Mcoatsat = | | + 00 ‘Meoat = 234.50) ™
- 2 2) Pmg kg
MARINE GROWTH MASS: Mmg = "'(thd ~Deoat )'T =0

Pw
BOUYANCY BUOy = Tl'DhydzT = 183.629 E

m



AIR FILLED SUBMERGED WEIGHT:
kg

« 3
Wsub_a = (Msteel ~ Mac = Mcoatsat * Mmg - Buoy) 9 = 1881 10 =
S

W, = 191.845 kof
sub_a™ "o

CONTENT FILLED SUBMERGED WEIGHT:

1 kg
Woup = Wsub__a + Mcont9=1.881x 107 —

2
s

kaf
w = 191.845- —
sub m

_ (wsub_a + Buoy'g)
Buoy 9

SPECIFIC GRAVITY CHECK: SG

=2.045

STEADY CURRENT VELOCITY . (USING 1/7 TH POWER LAW): (VM)

SELECTED HEIGHT ABOVE SEA BED: Z,=d

HEIGHT ABOVE SEABED FOR SPECIFIED CURRENT VELOCITY Zm = 14in



Ry

> @ -

DESIGN WAVE PREDICTION USING WAVE THEORY:

AFTER PLOTTING

H d
Y versus GRAPH
9T’ 9Tp
WE GET WHICH THEORY TO FOLLOW
IN THIS CASE IT LIES IN AIRY'S REGION
2
DEEP WATER WAVELENGTH: Tp
LDWW =g — =126423-m
27
LET X:= =0.079

Loww

CORRESPONDINGLY THE VALUE OF (FROMTABLE)

=8-0.1223
Lswp

WAVE LENGTH AT SPECIFIED WATER DEPTH

L =9 = 81.766
SWD ™= g g3 ~ °170m

=0.013
i

gTp”

LET §v;=

CHECK := if (S < 0.8, "IT IS NOT DEEP WATER SITUATION" , "DEEP WATER SITUATION")

CHECK = "IT IS NOT DEEP WATER SITUATION"



o

MAXIMUM HORIZONTAL INDUCED VELOCITY:

U H Lswo 11362
= B =1].1:36—
M= W Tpd s

HORIZONTAL PARTICLE ACCLERATION:

M m
AM = 2-1\'~T—' = 0.793—2
P s
. Bhyd 5
HYDRODYNAMIC COEFFICIENTS: =V = 2824 10
v
CURRENT TO WAVE RATIO: Ym
M:== — =0547
Upm
Tp
LOAD PARAMETER: KL= Vy—— =117
I:’hyd

DRAG COEFFICIENT:

if Re<3000000 AND M>=0.8, OTHERWISE

Cp = if(Re < 300000.1.2.0.7)

CD=|.2



R

Y@y

e

LIFT FORCE COEFFICIENT: CL:=08

DRAG FORCE:

INERTIA FORCE:

LIFT FORCE:

STABILITY CRITERIA:

m
Y= Vi = 07Uy = 1416

e 2 kg
Fp:= 0.3-py Cp-OD-V~ = 438.376 —

S

Ci=3.29 FOR PIPE

Ag k
F = “"ODZ'PW‘CI'T = 265.529 —?

S

FL:= 0.5p,-Cp-OD-V* = 292251 k—?

-

S

FS:= (Wgyp - F,_)-(F—D‘:TI) =1.129

CHECKgTABILITY := if(FS> 1.1, “STABLE" , "UNSTABLE")

CHECKSTAB'L'TY ="STABLE"
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CHAPTER 7
CONCLUSION:

The present work is aimed at On Bottom Stability analysis of a 48" crude oil line and a
147 "and 28" product line between two fixed platforms in a given offshore ficld. The pipe
design parameters. the environmental conditions and the fluid properties used in this

work are same as that used in recently completed project at P, Engineering of which the

given pipeline was part of.

1. Pipe Wall Thickness Analysis

Pipe Wall Thickness (mm)

Size Service Grade Remarks
(inch) Specified Calculated |
48 Crude Qil X 65 20.60 20.6 OK (note-a)

24 Naphtha X 65 19.05 11.9 OK
24 Motor Spirit X 65 19.05 11.9 OK
24 Kerosene/Jet Fuel X 65 19.05 11.9 OK
14 Diesel X 65 15.88 8.7 OK
Note:
a) Buckle Arrester may be required for water depth above 30m w.r.t. CD.

2. Pipeline Stability Analysis

a. Concrete Weight Coating Requirement

. Required Concrete Weight
g;lz): Service WT Cgating Thickness (mrﬁ) Remarks
(inch) (mm) Shore Approach (WD < 10m) Refer Notes
48 Crude Oil 20.60 176 OK
24 Naphtha 19.05 80 Ok
24 Motor Spirit 19.05 80 OK
24 Kerosene/Jet Fuel 19.05 80 OK
14 Diesel 15.88 56 OK

Note:

a) The lateral stability analysis has been carried out for Installation Condition, by assuming

b

no wave sheltering effect (due to trenching- at time of Installation) is present.
Considering the fact that Five (05) Pipeline Segments are being planned to be laid in a
single trench. that trench width would be large enough to justify the above mentioned
assumption.

) The more detailed stability analysis is required to be done to finalize the exact CWC
thickness at both subsea portions as well as shore approach area. The above mentioned
CWC thickness values for subsea portion are varying due to different water depths along
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the pipeline route. More information related to Environmental Conditions (wave &
current data. their headings/directions details etc.) at various water depths would be

required for full fledge analysis.
The Shore Approach Area has been considercd as portion falling within water depth of

Om to 10m which lorms approx. 700m portion from the Land Fall Point.
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