DNV

RECOMMENDED PRACTICE
DNV-RP-F111

INTERFERENCE BETWEEN TRAWL
GEAR AND PIPELINES

OCTOBER 2010

DET NORSKE VERITAS



FOREWORD

DET NORSKE VERITAS (DNV) is an autonomous and independent foundation with the objectives of safeguarding life,
property and the environment, at sea and onshore. DNV undertakes classification, certification, and other verification and
consultancy services relating to quality of ships, offshore units and installations, and onshore industries worldwide, and carries
out research in relation to these functions.

DNV service documents consist of amongst other the following types of documents:

— Service Specifications. Procedual requirements.

— Standards. Technical requirements.

— Recommended Practices. Guidance.

The Standards and Recommended Practices are offered within the following areas:
A) Qualification, Quality and Safety Methodology
B) Materials Technology

C) Structures

D) Systems

E) Special Facilities

F) Pipelines and Risers

G) Asset Operation

H) Marine Operations

J) Cleaner Energy

O) Subsea Systems

The electronic pdf version of this document found through http://www.dnv.com is the officially binding version
© Det Norske Veritas

Any comments may be sent by e-mail to rules@dnv.com
For subscription orders or information about subscription terms, please use distribution@dnv.com
Computer Typesetting (Adobe Frame Maker) by Det Norske Veritas

If any person suffers loss or damage which is proved to have been caused by any negligent act or omission of Det Norske Veritas, then Det Norske Veritas shall pay compensation to such person
for his proved direct loss or damage. However, the compensation shall not exceed an amount equal to ten times the fee charged for the service in question, provided that the maximum compen-
sation shall never exceed USD 2 million.

In this provision "Det Norske Veritas" shall mean the Foundation Det Norske Veritas as well as all its subsidiaries, directors, officers, employees, agents and any other acting on behalf of Det
Norske Veritas.



Recommended Practice DNV-RP-F111, October 2010
Changes — Page 3

ACKNOWLEDGEMENTS

The following companies sponsored this JIP:

— Hydro ASA
— Statoil
— DNV.

The following organisations have made major contributions to
the hearing process:

— Reinertsen Engineering
— Subsea 7.

DNV is grateful for the valuable input, including test results,
cooperation and discussions with these companies.

CHANGES

e General

As of October 2010 all DNV service documents are primarily
published electronically.

In order to ensure a practical transition from the “print” scheme
to the “electronic” scheme, all documents having incorporated
amendments and corrections more recent than the date of the
latest printed issue, have been given the date October 2010.

An overview of DNV service documents, their update status
and historical “amendments and corrections” may be found
through http://www.dnv.com/resources/rules_standards/.

*  Main changes

Since the previous edition (October 2006), this document has
been amended, most recently in April 2009. All changes have
been incorporated and a new date (October 2010) has been
given as explained under “General”.
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1. General

1.1 Introduction

Fishing activities such as bottom trawling shall be considered
for offshore pipelines for two main reasons:

— possible hazard and inconvenience to the fishermen in
case of trawl gear hooking to the pipeline, and

— possible hazard to the integrity of the pipeline due to loads
from the trawl gear.

This Recommended Practice (RP) covers the aspects of pipe-
line integrity and not the potential hazard for fishermen in par-
ticular.

Equipment used for bottom trawling can expose a pipeline to
substantial loads that may damage it. Such load is associated
with the instantaneous impact and the subsequent pull-over as
the trawl gear hits and is dragged over the pipeline. In addition,
hooking of trawl equipment may impose considerable loading
to the pipeline.

Typical trawl gears are illustrated in Figures 1-1 to 1-3.

Figure 1-1
Typical otter trawl gear crossing a pipeline

Figure 1-1 shows a typical otter trawl. The otter trawl board
holds the trawl net open by hydrodynamic forces. Such trawl
boards are dragged along the seabed and may represent a haz-
ard to the pipeline.

O\
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Warpline
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Trawl net

Figure 1-2
Typical beam trawl gear crossing a pipeline

In beam trawling, a transverse steel beam is used to keep the
net open as shown in Figure 1-2. Beam shoes are mounted at
each end of the beam and represent a substantial hazard to
pipelines due to their sharp edges and large kinetic energy.

In twin trawling the clump weight shown in Figure 1-3 has a
mass typically in the range of 2 to 9 tonnes, and can cause
larger impact energy and pull-over loads than trawl boards.
Several designs are used, ranging from a clump of chain to
spherical or cylindrical rollers. Twin trawling with clump
weight is currently not used for industrial trawling, and is
hence only relevant in consumption trawl areas.

Clump Weight

Figure 1-3
Typical twin trawling with clump-weight.

Traditionally, pipelines are protected against trawl impact by
coating, gravel or burial. As such protection is expensive; there
is a need for improvement with respect to design methods and
rules for trawl gear interference. This RP gives information on
design methods such that unnecessary conservatism may be
avoided. At the same time it intends to give a more uniform
safety level for the potential failure modes.

1.2 Trawling aspects

The authority requirements with respect to interference
between trawl gear and pipeline/ subsea structures vary from
country to country. In the Norwegian sector, it is required that
all subsea installations shall not unnecessarily or to an unrea-
sonable extent impede or obstruct fishing activities, whereas in
other countries the authorities allow non-overtrawlable struc-
tures (i.e. by applying safety zones and restricted areas on
maps, or by using guard vessels).

Subsea installations attract fish, and hence fishing activity. A
good dialog between the fishing and offshore industries is
important in order to ensure safe and cost effective operation
for all parties. Examples of elements important to communi-
cate are:

— pipelines preferably to be routed outside fishing banks
whenever practical, and thus, designers need important
information about such;

— the offshore industry needs information on trawl equip-
ment used, to design for appropriate loads and to reduce
risk of hooking;

— new trawling equipment should be designed to minimize
risk of hooking pipelines, subsea structures and other sea-
bed obstructions; and

— development of new trawl equipment may have impact on
existing pipeline designs.

Trawl velocity and pattern is mainly governed by fish move-
ment pattern, sort of fish to catch (swimming speed), and eco-
nomic speed of trawl vessels. Therefore, it is not likely that the
trawling velocity will increase significantly in the future.
Trawling for prawns is typically performed at 2 - 3 knots (1-1.5
m/s), whereas trawling for fish is performed at up to 5 - 6 knots
(2.8 m/s average).

Presently (2005), the heaviest twin trawl equipment has a typ-
ical mass up to 9-10 tonnes and is used in the Barents Sea and
outside Greenland - mainly trawling for prawn in areas without
offshore activities. However, trawlers operating in these areas
may also use the same heavy equipment in the North Sea or the
Norwegian Sea (i.e. to avoid having two sets of equipment).
The weight of the clump weights used is typically 60 - 70 % of
the total weight of the trawl doors.

Trawling along a curved path may cause the trawl equipment
path to be considerably different from the path of the vessel.
Figure 1-4 illustrates a potential scenario where the trawl ves-
sel turns around a 500 m radius safety zone and causes the
trawl equipment to follow a path well within the restricted
zone, [9]. It should be noted that trawling inside the safety
zones is not allowed. However experience shows that this may
occur and should be considered in the design.

DET NORSKE VERITAS
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100 111

Platform

500 m safety zone

Figure 1-4
Possible trawl vessel and bottom trawl gear positions when fish-
ing around platform safety zone.

Trawl interference with pipeline rock-berm and trenches as
well as cuttings deposited during well drilling operations and
left after removal of installations may represent considerable
loading (and potential hooking) to trawl equipment. These
aspects are not covered by this RP.

1.3 Scope and application

The objective of this RP is to provide rational criteria and guid-
ance on design methods for pipelines subjected to interference
from trawling gear; including the impact, pull-over and possi-
ble hooking phases. Design criteria are given as well as guid-
ance on applicable calculation methods.

For pipelines subjected to global buckling, such as:

1) pipelines with release of effective, compressive axial force
(buckling) prior to trawling, or

2) pipelines with release of effective, compressive axial force
simultaneously with trawling, i.e. the trawl load triggers
global buckling.

Global buckling pipeline response analyses is required in com-
bination with the trawl load assessment. The global buckling
analyses needs to include sensitivity studies of governing
parameters such as pipe to soil interaction in accordance with
DNV-RP-F110, to establish the proper functional load condi-
tion factor.

This document is applicable to rigid pipelines with outer steel
diameters larger than 10" (i.e. the smallest pipe diameter tested
in model tests have been used as basis for this RP). However,

if measures are taken in the analyses to account for scaling
effects outside of the model test validity range, the methodol-
ogy reflected in this RP may still be applicable. Typically, this
would involve special assessments of soil to pipe interaction
factors (ref. Figure 3-3), global bending stiffness of pipeline
and factors related to relative sizes between pipe and trawl
equipment.

For pipelines with outer steel diameter less than 10", the soil
reduction factors based on Figure 3-3 should conservatively be
based on 300 mm outer diameter for impact load calculations.

Loads and load effects on flexible pipelines can be determined,
provided relevant flexibility characteristics and acceptance cri-
teria are specified.

Trawl pull-over and hooking may govern the acceptable free
span lengths and gaps. These aspects are covered within this
RP, while the effect of environmental loads on free spans is
covered by DNV-RP-F105.

This document does not cover pipeline attachments such as
anodes. However, it is envisaged that such equipment is
designed for trawl loads both with respect to impact and pull-
over including abrasion from trawl wire. Additionally, edges
and protrusions and or bolts that may snag trawl nets need to
be avoided.

Further, a methodology for qualifying possible DEH cable
attached to the pipeline inside a protective structure is given in
Appendix A.

This RP is intended for use on a world-wide basis. However,
the collection of trawl gear data has been carried out for the
North Sea and the Norwegian Sea. Data is given appropriate
for otter, beam and twin trawling equipment in use in 2005 and
expected for use in the near future in these areas.

The following design aspects are considered:

— coating damage due to impact
— pipe denting due to impact
— overstress due to pull-over or hooking.

This comprises the following topics:

— most critical trawl equipment

— frequency of trawl impacts

— effective impact energies to be absorbed by the coating
and the pipe

— requirements to structural modelling

— recommendations for pull-over loads

— recommendations for lifting heights due to hooking

— acceptance criteria.

Figure 1-5 shows part of a flow chart for a typical pipeline
design. After deciding on diameter, material, wall thickness,
trenching and coating for weight and insulation, the trawling
design is performed. It must be emphasised that the trawl pull-
over assessment must be based on a realistic estimate of the
effective axial force, and any changes due to sagging in spans,
lateral buckling, end expansion, changes in operational condi-
tions etc., must be properly accounted for. Unacceptable
results from trawl impact, pull-over and/or hooking may
change the sequence in this design flow chart (Figure 1-5) as it
may have impact on coating and burial of the pipeline.

DET NORSKE VERITAS
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Figure 1-5

Flow chart for pipeline design

1.4 Limitations

This RP gives loads and load effects on pipelines due to trawl
gear interference. These loads are related to the size, shape,
velocity and mass of the trawling gear. This document is based
on data for trawl equipment typically used in the North Sea and
the Norwegian Sea up to 2005, however the methods may be
used for other geometrically similar equipment as well.

The design criteria and associated set of partial safety factors
are based on the assumption that load effects are obtained from
a state-of-the-art FE-analysis or similar calculation method
which includes the most important linear and possible non-lin-
ear effects of the considered pipeline section.

1.5 Relationship to other rules

This RP replaces the DNV Guideline number 13 issued in
1997, and is a supplement to and complies with the DNV-0OS-
F101. This document further relates to and harmonises with

the DNV-RP-F110.

The NORSOK standard "Subsea Production systems", U-001
gives requirements with respect to interference with trawl gear.
Generally, this document is in accordance with the require-
ments given in the NORSOK standard. However, with regard
to trawl impact, pull-over and hooking loads, this RP gives
more precise and detailed estimates for the loads which may
occur for pipelines while the NORSOK requirements refer to
trawl loads on subsea structures.

In case of conflict between requirements of this RP and a ref-
erenced DNV Offshore Code, the requirements of the code
with the latest revision date shall prevail.

Any conflict is intended to be removed in next revision of that
document.

In case of conflict between requirements of this Offshore Code
and a non DNV referenced document, the requirements of this
Code shall prevail.

1.6 References
The latest revision of the following documents apply:

DNV Offshore standard
DNV-0S-F101 Submarine Pipeline Systems, Det Norske
Veritas.

DNV Recommended Practice
DNV-RP-C205 Environmental Conditions and Environmental
Loads, Det Norske Veritas.

DNV-RP-F105 Free Spanning Pipelines, Det Norske Veritas.

DNV-RP-F110 Global Buckling of Submarine Pipelines, Det
Norske Veritas.

Other standards
NORSOK, Standard, "Subsea Production systems", U-001.

1.7 Trawl-pipeline interaction phases

When bottom trawl gear is towed across a pipeline, the inter-
action may conveniently be divided into two stages: impact
and pull-over. As a special case hooking may occur.

— Impact, i.e. the initial impact phase when a trawl board,
beam shoe or clump weight hits a pipeline. This phase typ-
ically lasts some hundredths of a second. It is mainly the
local resistance of the pipe shell, including any protective
coating and/ or attached electric cable protection structure
that is mobilised to resist the impact force.

— Pull-over, i.e. the second phase where the trawl board,
beam trawl or clump weight is pulled over the pipeline.
This phase can last from about 1 second to some 10 sec-
onds, dependent on the water depth, span height, and other
factors. This will usually give a more global response of
the pipeline.

— Hooking, i.e. a situation whereby the trawl equipment is
"stuck" under the pipeline. This is a seldom occurring
accidental situation where forces as large as the breaking
strength of the warp line may be applied to the pipeline in
extreme cases.

An overview of the design process for pipelines with respect to
interference with trawl gear is shown in Figure 1-6. First, trawl
equipment characteristics and frequency must be established.
Then, analysis and design with respect to impact, pull-over and
hooking is conducted. The impact energy to be used in testing
of coated pipe sections is calculated. The effect of pull-over is
found through global analysis. The capacity to resist possible
hooking is checked by applying a certain lifting height.

DET NORSKE VERITAS



Recommended Practice DNV-RP-F111, October 2010

Page 10
Redesign Trawl equipment Redesign
imTTTTEET T T > Size, mass, frequency, etc. TTTTEETTTTTTTY
1
. (Sect. 2.) :
! '
! '
! '
1 y '
! '
! Pipeline parameters '
: Safety class, diameter, thickness, coating, etc. :
| (Sect. 2.) N
! '
! '
! '
! '
1
1 ¢ A ¢ :
: Impact Pull-over Hooking :
: (Sect. 3) (Sect. 4) (Sect. 5) '
- :
1 '
! '
! '
! A 4 A 4 '
! '
: Simplified . '
N calculations Critical spans X
: (SCCt. 3) (SCCt. 55& 56) N
- :
! '
! '
! . '
: NO YES Height 2 :
=== .
! 1
! 1
! '
! '
| y A\ 4 ]
1
1 Advanced analyses Dynamic analyses Lift analyses :
: Absorbed energy and FE-calculations — Trawl board wedged or :
1 dent depths check of limit states penetrated — check of '
: (Appendix A) (Appendix A) limit states '
1 L (Appendix A) :
S S ~, ‘ | |
] : ]
| NO X NO :
€---- OK == OK ===
! NO
|
I o
X YES g YES YES
l »
! Verifying coating <
: Tests
1 (Sect. 7)
! i
)
!
l
1
' NO YES Y
""" Successful design
Figure 1-6

Overview of the design of pipelines with respect to interference with trawl gear.

1.8 Units

The international system of units (SI system) is applied
throughout this document (e.g. length in meters, mass in kilo-
grams, time in seconds and force in Newton).
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1.9 Symbols and abbreviations

The following definitions apply:

A

clump

~ ;?‘ By

clump

clump weight dimension, gap between roller and pipeline
contact point (see Figure 4-1)

cross-sectional area of the steel pipe exposed to external
pressure

cross-sectional area exposed to internal pressure
warp line cross-sectional area

half height of trawl board

coefficient of effective beam trawl mass during impact
coefficient of pull-over force

coefficient of effect of span height on impact velocity
coefficient for pull-over duration

water depth

steel pipe nominal outside diameter

Young’s modulus

impact energy due to hydrodynamic added mass

impact energy absorbed locally by the DEH cable includ-
ing protection structure

impact energy absorbed locally by the pipe shell and coating

impact energy due to steel mass of trawl board, beam with
shoe or clump weight

trawl gear impact frequency

impact force due to trawl board bending action
maximum impact force experienced by the pipe shell
trawl frequency per considered section, see Sec.6.4.
maximum pull-over force on pipe, horizontal direction

maximum pull-over force on pipe, vertical direction (note
positive down)

yield stress to be used in design

Sy = (SMYS - £, temp) au

derating value due to the temperature of the yield stress
gravitational acceleration

dimensionless height (= (H,, + OD/2+0.2)/B)

trawl board height (=2B)

dimensionless moment arm, to calculate clump weight
pull-over load

height of attachment point of warp to beam trawl
critical free span height for hooking

impact hammer pendulum height

lifting height during hooking

permanent dent depth (characteristic value)

span height (pipeline to seabed gap)

dent depth (elastic and plastic)

trawl vessel density (annual mean no. of trawlers per unit
seabed area)

out-of-plane stiffness of trawl board

stiffness of protection cover for heating cables attached to
the pipeline (when applicable)

coating stiffness

coating stiffness due to interaction effects between coat-
ing and steel pipe
in-plane stiffness of trawl board

effective bending stiffness of pipe in impact calculation
(time dependent)

effective soil stiffness applied to pipe in impact calcula-
tion (time dependent)

local shell stiffness of steel pipe
stiffness of trawl warp
trawl board length, beam length or clump weight width

distance from clump weight interaction point with pipe-
line to clump weight centre of gravity (See Figure 4-1)

Reap

nmean

=
3
3

QS |3

DEH

FE
ROV
RP

SCF
SMYS
Polymer

Characteristic load

Load effect

Load effect factor

Industrial trawling

Consumption trawling

warp line length

moment resulting from trawl pull-over load

design moment for resulting from trawl pull-over load
hydrodynamic added mass of trawl board or beam
mass of test impact hammer

steel mass of trawl gear

mass of test rig pipe support

mass of test rig floor

capacity of coated pipe expressed as number of repeated
impacts to failure

number of trawl boards, beam shoes or clump weights per
trawl vessel

mean number of impacts of coating before failure

axial force in pipe wall (true force) (tension is positive)
overall outside diameter of pipeline, including coating
external pressure

characteristic internal pressure

reduction factor for impact energy associated with hydro-
dynamic added mass

reduction factor for impact energy associated with steel mass
effective axial force (tension is positive)
soil undrained shear strength

pipe wall thickness (steel),
t = tyom - teorr (1.€. equivalent to ¢, in DNV-OS-F101)

nominal thickness of the pipe (uncorroded)
corrosion allowance

pull-over duration

tow velocity of trawler

proportion of pipeline length exposed to trawl interfer-
ence (not buried or protected e.g. by rock cover)

Material strength factor, ref. DNV-OS-F101:
ay = 0.96, except for pipeline material fulfilling supple-
mentary requirements U, where o= 1.0

global deflection of pipe at point of trawl pull-over

load effect factor, for trawl load classified as accidental
(74=1.0)
load condition factor, ref. DNV-OS-F101

load effect factor, with the trawl load classified as a func-
tional load

usage factor

prevailing trawl direction relative to the pipeline perpen-
dicular

soil internal friction angle
standard deviation for impact test results

Direct Electrical Heating

finite element

remotely operated vehicle
Recommended Practice

stress concentration factor

specified minimum yield strength
materials such as rubber and plastics

the reference value of a load to be used in the
determination of load effects

effect of a single load or combination of loads
on the equipment system, such as stress, strain,
deformation, displacement, motion, etc.

the partial safety factor by which the charac-
teristic load effect is multiplied to obtain the
design load effect.

catch for industrial production (e.g. oil, meal,
animal food)

catch for food commerce

DET NORSKE VERITAS
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2. Trawl Design Data
2.1 Types of trawl gear

There are two main categories of bottom trawl gears of concern
in the North Sea and the Norwegian Sea; conventional otter
trawl gear, and beam trawl gear used in southern part of the
North Sea. These differ in the way the trawl net is kept open:

— Otter trawls by use of trawl boards
— Beam trawls by use of transverse beams

In addition, the use of pair trawling by two ships and twin rig
set-ups has developed in recent years. Such gear must be
accounted for if heavy clump weights are used in order to force
the trawl net down. The size and design of such clump weights
varies.

Otter trawling in these areas is carried out with a range of ship
sizes and types of gear. Typical types of ships and gear are:

— Consumption trawlers which have the largest equipment

— Industrial trawlers

— Prawn trawlers (operate in the deep water of the Norwe-
gian trench and closer to the coast).

Various trawl board designs exist, however two major types,
polyvalent / rectangular and V-shaped boards, are in common
use. The polyvalent boards have generally been found to give
the highest loads on pipelines. Figure 2-1 shows two typical
trawl boards used in the North Sea and the Norwegian Sea. In
recent years, trawl boards with spoilers have been developed,
to improve the efficiency of the hydrodynamic force and
thereby reduce drag forces and trawler fuel consumption.

)

-

Figure 2-1
Typical Consumption trawl boards: Polyvalent (upper) and
V-board (lower).

The size of the trawl board mainly depends on the type of trawl
net being used. No depth dependency for trawl board sizes and
velocities has been found. It is rather the type and quantity of

fish which governs the trawl type and thereby the board size
and trawling velocity.

A typical beam trawl shoe and its components are shown in
Figure 2-2. Beam trawls are developed to catch various species
of flat fish. They are mainly used on flat, sandy seabed in shal-
low waters in the southern parts of the North Sea.

TICKLER CHAIN
FIXINGS

Figure 2-2
Typical outline of a beam trawl shoe

Typical clump weights are shown in Figure 2-3 and Figure 2-4.

c‘@\

Sl
SN
Figure 2-3

Typical clump weight (Bobbin type)

ﬁ Trawl direction

|

Figure 2-4
Typical clump weight (Roller type)

2.2 Basic data requirements

Before calculating the load and load effects of the pipeline
some basic data with respect to expected trawling along the
pipeline route has to be established. These shall include, but
not be limited to, data along the route for:

— trawling category (i.e. industrial or consumption trawling
with otter, beam trawl gear, or pair / twin trawling with
clump weight)

trawling equipment in use (type, shape, size, mass, trawl-
ing speeds)

expected frequency of trawl gear crossing over the pipe-
line; and
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— expected or possible developments or changes in the fore-
seen trawling equipment or frequency (e.g. new equip-
ment, larger vessels, increased frequency, etc.).

The route should be divided into subsections categorised in a
suitable manner with respect to the above factors.

Data shall be obtained from the relevant authorities. The
design process shall ensure that the collected data are relevant
and up to date.

If development of trawl equipment deviates from design
assumptions, the need for reanalyses to account for these (e.g.
trawl equipment type, mass, velocity and frequency) has to be
considered.

2.3 Most critical trawl gear

It should be observed; when considering the most critical
trawling equipment, velocities, impact frequencies and area of
application; that these parameters are subject to change. As an
example, the largest trawl board in the North Sea and the Nor-
wegian Sea has increased from about 1 500 kg in the late 70's
and 80's to 4 000 kg in 2005. In the Barents Sea trawl boards
up to 6 000 kg are currently being used.

Development of fishing technology may open new areas for
fishing, while international and national laws and regulations
may introduce changes in fishing activity in certain areas. It is
therefore essential to establish relevant data for trawl equip-
ment and to assess possible future development and its impact
on trawl-pipeline interaction.

Table 2-1 lists the appropriate data for the largest trawl boards,
beam trawls and clump weights in use in the North Sea and the
Norwegian Sea in 2005. However, the following area specific
trawl data needs to be investigated for each project:

— the types and maximum size of trawl gear normally used
in the area

— future trends (new types, mass, velocity and shape)

— the trawling frequency in the area.

Table 2-1 Data for largest trawl gears in use in the North Sea
and the Norwegian Sea in 2005

Consump- | Industrial | Beam | Clump

tion weight

Mass [kg] 4500 5000 5500 9000
Dimension Lxh [m] | 4.5x3.5 | 49x3.8 | 17.09 D
Trawl velocity [m/s] 2.8 1.8 34 2.8

1) Typical dimension of the largest clump weights of 9 tonnes are
L=4mwide (i.e. length of roller) by 0.76 meter diameter cross
section. For smaller size roller type clump weights (i.e. 3 500
to 6 000 kg), the width L is typically 3.2 m, whereas the roller
diameter is unchanged.

2) Beam trawl length (i.e. distance between outside of each shoe)

2.4 Trawl gear impact frequency

Due to evolution of fishing equipment and change in fishing
stocks, the trawling frequency may change significantly during
the lifetime of the pipeline. The following aspects should be
addressed to obtain a good estimate of the frequency of inter-
ference (hereafter termed the trawl gear impact frequency)
between the pipeline and trawl gear:

— fishing vessel density in the relevant area
— prevailing trawling direction relative to the pipeline
— distribution of different trawl equipment and sizes

If this information is not available, the highest frequency class
according to Section 6 shall be used.
An estimate of the trawl gear impact frequency, f;,,,,, is:

fimp =ngI-V-a,-cosp 2.1)

where 7, is the number of trawl boards, beam shoes or clump
weight for each vessel, 7 is the expected trawler density (i.e.
annual mean number of trawlers per unit seabed area), V' is the
trawling velocity, «, is the proportion of the pipeline length
exposed to trawl loads, and ¢is angle of the prevailing trawling
direction relative to the pipeline perpendicular. If sufficient
information is available a distribution function for the trawling
directions can be applied instead of the cos ¢ term. g applied in
Eq. (2.1) should not be taken larger than 75¢

3. Impact

3.1 Introduction

The impact loads are associated with the transfer of kinetic
energy from the impacting trawl board, beam shoe or clump
weight to the pipe, its coating, possibly DEH cable protection
structures and the soil. Generally the time of energy transfer is
so short that most of the energy transferred is absorbed as local
deformations. For smaller diameter pipelines some energy is
also absorbed by global deformation of the pipe and in the soil.

The impact assessment covers the following main steps:

— calculate the impact energy level the system will absorb
from considered trawl gear interference, as basis for the
impact test specifications

— calculate the pipe steel wall capacity with respect to spec-
ified denting acceptance criterion.

The methods included here are based on the theoretical work
presented in [1] and [4].

3.2 Impact energy

The impact direction and the amount of energy transferred to
the pipe coating depend in general on the shape of the front of
the trawl board, clump weight or beam shoe, on the pipe diam-
eter and span height and on the direction of travel relative to
the pipeline.

The impact energy constitutes effective masses with an effec-
tive velocity. The total effective mass consists of the steel mass
of the board/beam/clump and the hydrodynamic added mass,
including mass of entrained water. The effective velocity may
be taken as the towing velocity component normal to the pipe-
line.

The effective masses and velocity may be obtained through
simulation of the trawl gear-pipeline interaction. Alternatively
Table 3-1 gives design data which can be applied if no more
detailed information is available. It is emphasised that trawl
gear data differs per location, and may change in future. There-
fore, area specific trawl data that accounts for future develop-
ment should be established.

3.3 Energy dissipation

The kinetic energy of the trawl gear may partly or entirely be
dissipated during the impact by:

— deformation of trawl equipment

— deformation of protection cover for attached heating
cables etc.

— deformation of coatings (i.e. corrosion-, weight-, thermal
insulation- and / or field joint coating)

— elastic deformation and possibly plastic denting of pipe
steel wall

— global deflection of the pipeline, including soil friction
effects; and / or

— deformation of soil.

Each of these elements needs to be represented by equivalent
characteristics (spring stiffness, mass etc.), when applying the
advanced impact assessment method given in Appendix A.
The spring characteristic should be based on tests or equivalent
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analysis to establish the representative load displacement char-
acteristics - including nonlinear effects. For cable protection
covers, the load / displacement level at which load is trans-
ferred directly to the cable needs to be accounted for.

The impact energy assessment gives the total energy that the
considered system will absorb, which is used as basis for the

energy level to be applied in the impact testing. Elements with
low stiffness, such as field joint coatings and cable protection
covers may increase the total energy absorbed by the pipeline,
although the energy absorbed by the pipe steel wall may
decrease.

Table 3-1 Design parameters for trawl gear impact

Parameters Consumption Industrial Beam Clump
weight

Shape of board Polyvalent & V-board

rectangular

Direction of impact ¢ deg 45 18 0 0 0

Effective impact velocity: m/s 28C, D 28C, Y 1.8C, D 3.4 2.8

Steel mass: m;, kg 4500 4500 5000 5500 9000

In plane stiffness: k; MN/m 500 500 500 42002

Bending board stiffness: &, MN/m 10 10 10

Hydrodynamic added mass: m,, kg 2.14 m, 1.60 m, 2,29?4m, 5) 15009 314034

14 m,

1))
2)

The factor Cy, is given by Figure 3-1.

The largest clump weights used per 2005 are the "roller type", see Figure 2-4. The specified clump weight stiffness is conservatively

based on the stiffness of the corner plate. Alternatively, more advanced dynamic analyses with less conservatism can be performed,
accounting for flexibility of the clump weight structure absorbing some amount of energy (if available), and considering the two scenar-

ios, see Figure 3-2:

a)

equal to the total steel mass.
b)

Base case: Trawl direction normal to the pipeline, single point impact at mid-span of clump weight. Effective clump weight mass is

For locations with prevailing trawl direction inclined to the pipeline, impact energies may be distributed into two frequency classes,

one normal to the pipeline and one oblique to the pipeline axis. The latter implies impact at clump weight corner, causing in-plane
rotation of the clump weight. Effective clump weight mass may then be approximated as - the total steel mass. For impact directions
oblique to the pipeline, the velocity component normal to the pipeline may be used.

3)

Based on sea water volume of roller cylinder (diameter 0.76 m, and length 3.14 m), calculated in accordance with DNV-RP-C205. Factor

to account for seabed proximity is taken as 2.29 and reduction factor to account for length of cylinder is 0.8. Note, for reference an equiv-
alent clump weight of mass of 6 000 kg has an estimated hydrodynamic added mass and mass of entrained water of 2 890 kg (i.e. based
on roller diameter 0.76 m, length 2.34 m, and mass of entrained water of 890 kg).

4)
5)

A

Ch

V-board
PP /

0'9-‘;/\

0.8

Polyvalent board
(consumption)

Span Height (m)

2.0

>
»

Figure 3-1
C;, coefficient for effect of span height on impact velocity

Includes mass of water entrained in the hollow section. For the 9 000 kg clump weights, the mass of the entrained water estimated as 465
kg (ref. manufacturer). For an equivalent 6 000 kg clump weight,

For V-boards up to 1 500 kg mass, hydrodynamic mass to be taken as 2.9 m;, for larger polyvalent boards 2.14 m, may be assumed.

the mass of the entrained water is specified as 890 kg.
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1 io 1: .
mpact scenario f Warp line

Impact scenario 2:
Warp line

Pipeline | |

L. /[

Pipeline

e

Clump weight, 9 tonnes, 2.8 m/s
Sweep line

Sweep line

Clump weight corner hitting the pipeline,
giving reduced impact energy (i.e. due to
reduced effective mass by approx. 50 %,).

a) Clump weight front frame plate (typ. 40-50
mm thick) with warp line pad-eye hit the
pipeline

Warp line

Impact energy absorbed by
pipeline depends on pipeline
diameter relative to clump weight
geometry.

b) Clump weight roller hit partly penetrated
into soil and/or small diameter pipeline.

Figure 3-2
Relevant clump weight impact configurations

3.4 Simplified response calculations

3.4.1 General

The impact assessment methodology given in the following
applies for steel pipelines (i.e. bare pipes, painted pipes and
pipes with thin corrosion coating and / or with concrete coat-
ing). For other configurations (e.g. pipeline with other coat-
ings, or pipelines with piggy-back electrical cable with
protection structure) special assessments are required, see
Appendix A.

The following simple, conservative method may be used to
calculate the energy absorbed by the pipe locally, assuming
that the pipe deforms locally by indentation, and that all the
impact energy is absorbed through such a deformation. Correc-
tion factors for energy absorbed by global pipeline deforma-
tion and in the soil may be found (ref. Ry and Ry,) in Figure 3-
3. Alternatively, the pipeline response may be assessed
through more advanced analyses, as described in Appendix A.

o

Clump weight, 9 tonnes, 2.8 m/s

Sweep line Sweep line

Centre warp line bracket of clump weight,
hitting perpendicular on pipeline — i.e. no
reduction in impact energy due to rotation of
clump weight.

¢) Impact configuration at spans, for
different pipeline diameters

3.4.2 Trawl board

The impact energy associated with the steel mass of the trawl
board is:

2

ES:RJ.S-%m,(Ch-V) (3.1

where m, is the trawl board steel mass. R is a reduction factor
depending on the outer pipe diameter and given in Figure 3-3
for bare steel pipes and pipes coated with concrete. For softer
coatings, e.g. polymers, Ry should be assessed but can con-
servatively be set to 1.0.

C,, is span height correction factor for the effective pull-over
velocity, see Figure 3-1.

Guidance note:

For pipelines with outer diameter less than 300 mm, the reduc-
tion factors given in Figure 3-3 for 300 mm could conservatively
be used, unless otherwise documented.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
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1.2 ‘ ‘
Added mass, R,
—— — Steel mass, R,
1
sand (any friction angle) / 7
or clay (Su=50kPa) / /
| | orfree spanning pipes /
o 0.8 = = - —
% 7) / ’/
© —
g T [ - -
Dfﬂ = /
506 T— B = ~ Notes to the reduction factors:
o N
K — - 1. For clay stiffness values above
5 L / Su=50 kPa and on rocky seabed
B ] the reduction factor is to be taken
] )
E 04 / /\ ;S :ngé"“(.fm d) or Su=5 kPa ||
- . 9= or sand) or Su= a
| cl‘ay (Su=50kPa) | (for clay) is to be used as a
S minimum for the reduction factor.
1 |sand (9=50°) or clay (Su=35 kPa)l The reduction factor shall not be
0.2 P \ 1 1 taken as less than 0.1. B
J | sand emb ($<35°) or clay (Su=15 kPa) | 3. For soil values inbetween
‘ ‘ linear interpolation shall be used.
| clay (Su<5kPa) or free spanning pipes |
0+ — l ‘ : — ‘
300 400 500 600 700 800 900 1000 1100
Outer Diameter [mm]
Figure 3-3

Reduction factors for concrete coated and bare steel pipes.

The main contribution of the hydrodynamic added mass is in
the direction perpendicular to the board and is activated
through lateral bending of the board. The impact force associ-
ated with the hydrodynamic added mass of the trawl board may
be estimated as:

F,=C, -V -\m, -k, (3.2)

The associated impact energy from added mass of the trawl
board is:

2(F,)’ >
E,=R, —2—<im/(C,-V (3.3)
f 75'fy2-t3 M, (C V)
where:
fy = (SMYS - £, tomp) o (3.4)

where m,, is the trawl board added mass, ¢ the steel wall thick-
ness (i.e. to be taken as the nominal wall thickness minus the
corrosion allowance) and kj, the lateral bending stiffness of the
board. ¢y, is the material strength factor, ref. DNV-OS-F101.
Jy,1emp 18 the temperature derating value of the yield stress.

oy = 0.96, except for pipeline material fulfilling supplemen-
tary requirements U, where oy, = 1.0.

Ry, is areduction factor depending on the pipe diameter and the
soil type which is given by Figure 3-3 for bare steel pipes and
pipes coated with concrete. For softer coatings, e.g. polymers,
Ry, should be assessed but can conservatively be set to 1.0.

Guidance note:

The pipe wall thickness to be applied is ¢ = ¢,,,,, - t.,,,» however
if more detailed knowledge on corrosion mechanism exists, e.g.
that corrosion is limited to grooves at 6 and/ or 12 o'clock posi-
tion and is concluded to cause minor reduction in trawl load

capacity, applying ¢ = t,,,,, may be acceptable.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

Appropriate parameters are given in Table 3-1. Eq. (3.5) is
conservatively based on a relationship between the impact
force and associated indentation of the pipe representative for
a bare steel pipe:

1

.Htf

N

For =51yt ¢

Here, F, is the impact force experienced by the pipe shell and
H, is the dent depth (i.e. both elastic and permanent).

A conservative estimate of the kinetic energy absorbed by
local deformations of the coating and the pipe wall is found by
taking the maximum of £, and E,;:

E\'
E, = max{ ‘ }
Ea

3.4.3 Beam trawl

For beam trawls, the impact energy absorbed by the pipe and
its coating may be calculated as:

(3.6)

Epe =Rp-1Cy(my +my) V2 3.7)

where C, is a factor taking into account the effective mass and
may conservatively be set equal to 0.5 if a more precise esti-
mate is not available. m, is the steel mass of the beam trawl
inclusive shoes, and m, is the hydrodynamic added mass
including the mass of water entrained in the hollow beam.

3.4.4 Clump weights

For clump weights, the total absorbed energy can be calculated
as:

Ejpe :Rﬂv’%(mt+ma)'V2 (3-8
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where m; is the dry steel weight of the clump weight, and m,, is
the hydrodynamic added mass including the mass of water
entrained in the hollow sections.

The added mass can be estimated as the mass of the displaced
sea water volume, multiplied by a factor 2.29 for proximity to
sea bed and a factor 0.8 for limited length, according to DNV-
RP-C205. The mass of entrained water is given in Table 3-1.

The effective impact mass (m, + m,), the local stiffness and the
in-plane stiffness of the clump weight depend on impact con-
figuration as shown in Figure 3-2. The clump weight mass and
stiffness given in Table 3-1 are conservative. Less conserva-
tive values may be adopted based on dynamic simulations or
tests of actual configuration.

Two impact scenarios are considered relevant for clump
weights (see Figure 3-2):

— Trawl direction normal to the pipeline, with the clump
weight hitting with its total mass at centre of the clump
weight. Typically, the warp line pad-eye protrudes causing
a single point contact. If there are no protrusions, the
impact load transfer will be distributed over a larger area
and hence becomes less critical.

— Trawl direction at an inclined angle to the pipeline, with
the corner of the clump weight hitting the pipeline. The
impact energy will be reduced from rotation of the clump
weight.

— For scenarios where the pipeline interferes with the roller
directly (e.g. for partly buried and / or smaller diameter
pipelines, see Figure 3-2 b) the clump weight will roll over
and cause smaller loads to the pipeline, than for interfer-
ence with the structural frame of the clump weight as illus-
trated in Figure 3-2 a and c.

The governing impact scenario depends on type of clump
weight, relative height of clump weight versus pipeline diam-
eter, trawl direction, span height etc.

The clump weight impact specification given in Table 3-1 are
based on conservative estimates. Less conservative values may
be adopted, if documented by representative tests or dynamic
simulations.

3.4.5 Pipe shell indentation

If no detailed relationship between the impact force and asso-
ciated indentation of the steel pipe wall is available, the perma-
nent indentation of the pipe shell caused by the impact may be
estimated as:

2

| Fa [ Ey+/0.005-D (3.9)

3/2 3/2
S'fy't S'fy't

pc

where H,, . is the estimated permanent plastic dent depth and:

2 3\1/3
Fsh:(%Eloc'fy 1) (3.10)

Eq. (3.9) and (3.10) are valid for bare steel pipes. Pipes with
thick polymer coating will in general be subjected to smaller
impact loads but absorb more energy. The latter is caused by
the significant energy absorption in the coating. Therefore, the
above simplified approach may give non-conservative results
for such coatings, and the advanced method given in Appendix
A should be applied. Similar comments apply to DEH cable
protection structures.

This simplified analysis will lead to increasingly conservative
results for smaller and lighter pipes. In this case the advanced
assessment (Appendix A) is recommended.

4. Pull-over

4.1 Introduction

Pull-over analysis deals with the global response of the pipe-
line as the trawl gear is pulled/ forced to cross over the pipe.
During this phase, the pipeline may be subjected to relatively
large horizontal (lateral) and vertical forces.

The pull-over calculation procedure for trawl boards is based
on both experimental [3, 5, 6] and theoretical work [7, 8], the
basis for beam trawls is tests [1, 2], while the basis for the
clump weights is established as part of specific field develop-
ment projects in the Norwegian Sea.

4.2 Structural modelling

The structural behaviour of the pipeline during pull-over shall
be evaluated by modelling a sufficiently large part of the pipe-
line, the seabed and other supports and performing a structural
dynamic analysis by applying the pull-over load (static analy-
sis is likely to be non-conservative).

The most critical position for trawl pull-over depends on:

— length, height and shoulder supports of free spans;
— effective axial force;

— lateral curvature of the pipeline; and

— lateral or axial supports or restraints.

The pull-over load for trawl boards and clump weights shall be
applied as a single point load while the pull-over load for beam
trawls may be applied as two concentrated loads at a distance
equal to the width of the trawl beam and with half the pull-over
force at each position.

All relevant non-linear effects shall be taken into account in the
analysis of trawl gear pull-over. These may be, but not
restricted to:

— buckling effects caused by effective axial force;

— large displacements including geometrical stiffness;
— soil resistance; and

— non-linear material behaviour

The effective axial force must be accounted for:

S=N-pA +p.A

, 4.1)
where p; and p, denote the internal and external pressures and
A; and A4, the corresponding cross-section areas of the steel
pipe exposed to internal and external pressure, respectively.
For more details, see DNV-OS-F101.

The boundary conditions at the ends of the pipeline model
shall be sufficient to represent the pipe-soil interaction and the
continuity of the whole pipeline length. In case of buckling it
is important to model a sufficient length of the pipeline (anchor
length) or by alternative boundary conditions allow the buck-
led section to be exposed to the potential axial feed-in.

Due to erosion/scouring, free spans may develop over time and
change the pipe-soil interaction. This must be accounted for in
the analysis/modelling of trawl pull-over.

4.3 Pull-over loads for trawl boards and beam trawls

Pull-over loads may be assessed through model tests or numer-
ical simulations. Alternatively, if the flexibility of potential
free-spans is not dominating, the method given below may be
used for 10" to 40" pipelines.

The maximum horizontal force applied to the pipe, '

 Ep, is given
by:
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Trawl boards:

1/2
F, =Cp -V (mk,) 42)
Beam trawls:
1/2
F,=Cp V|[m, +m,)k,] 4.3)

where k,, is the warp line stiffness and V' the trawling velocity.
m is the steel mass of board or beam with shoes, and m,, is the
hydrodynamic added mass and mass of entrained water. The
empirical coefficient Cr is a function of trawl gear type and
some geometrical parameters characterising the trawl-pipeline
interaction.

For trawl boards this coefficient is:

For polyvalent and rectangular boards:

Cp=8.0-(1-e08H) 4.4)
For V-shaped boards:

Cp=58-(1—e M) 4.5)
and 7 is a dimensionless height:

—_H,+0D/2+02 “6)

B

Here, Hy, is the span height (negative for partly buried and
trenched pipelines), OD the pipe outer diameter including
coating and B is half the trawl board height. The span height
should represent a conservative estimate to account for uncer-
tainties (e.g. survey inaccuracy).

Trawl loads on trenched or partly buried pipelines have not
been covered by the model tests used as the basis for this RP.
For partly buried and or trenched pipelines, this may be simu-
lated by specifying a negative span height, H,, in the pull-over
load calculations.

For beam trawls:

With hoop bars:

4.0 OD/H, <2
Cr=4760-0OD/H, for  2<0OD/H,<3 4.7)

3.0 OD/H, >3

Without hoop bars.
5.0 OD/H, <2

Cr =4180-150D/H, for 2<OD/H,<3 4.8)
35 OD/H, >3

Cr shall be taken as for beam trawls without hoop bars if it is
not assured that all beam trawls in the relevant area have such
bars installed. If no better information is available, the attach-
ment point of the warp line, H,,, may be set to 0.2 meters.

The warp stiffness, k,, is estimated as k,, = EA4,/L,, where
EA,, is the axial stiffness of the warp and L,, its length. If no

better information is available, the warp stiffness of one single
wire (typically 32-38 mm diameter) may be calculated as:

35107

k., 7

[N/m] (4.9)

w

where L, is the length of the warp line in meters. Typically, the
warp line length is 2.5 to 3.5 times the water depth. The wire
length is relatively longer in shallow water (i.e. 2.5 times is for
deep water applications). It should be considered that two or
three 32 mm diameter wires are commonly used as warp lines
for beam trawls.

The warp line stiffness given above is based on the assumption
of a straight wire between the bottom trawl gear and the vessel.
In case of a catenary shaped warp line, the stiffness will be
lower which again will cause a lower pull-over force. In case
such a reduced stiffness shall be applied, the weight of the
wire, the warp line force and the drag load caused by combina-
tion of trawling velocity and current have to be accounted for.

For trawl boards the maximum vertical force acting in the
downward direction can be estimated as:

Polyvalent and rectangular boards:

-2.5H
F.=F,(02+08¢") (4.10)
V-shaped boards:
F =iF 4.11)

This downward acting force may be assumed to have the same
force-time history as the corresponding horizontal force.

The pull-over forces given by Eq. (4.2) to (4.11) are valid for
one trawl board while for beam trawls these equations give the
total pull-over force from both beam shoes.

4.4 Pull-over loads for clump weights

As for trawl boards and beam trawls the pull-over loads may
be assessed through model tests or numerical simulation.
Alternatively, if the flexibility of potential free-spans is not
dominating, the method given below may be used for pipes of
10" to 40" diameter (i.e. range of dimensions used in the model
tests to derive pull-over loads from clump weights) as long as
the clump weight is of the sphere/bobbin or roller type.

Warp line

Pipeline

A4 clump

Seabed

E

Figure 4-1
Clump weight interaction with pipeline
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The estimate for the maximum horizontal pipeline pull-over
force from clump weights is given below:

0 —0.65
F,=39-m .g.(1_6—1<3'h'). _0D
Lclump

(4.12)

h'=(H,+0D)/L (4.13)

clump

where (see Figure 4-1) OD is the outer diameter of pipe includ-
ing coating, and L, is the distance from reaction point to
centre of gravity of the clump weight, m;, is the steel mass and
g is the gravitational acceleration.

The distance from the reaction point to the centre of gravity of
the clump weight can be taken as:

(]

Lclump =0.55 [m]

L 0.7 - roller type 4.149)

clump =

- sphere/bobbin type (4.15)
Note that L, is constant, and not to be scaled for other sizes
of clump weights, unless more specific data is available.

Further, the model tests are base on roller type clump weight
drum diameter of 0.76 m. To account for larger drum diame-
ters, this may be approximated by linear scaling:

Roller type clump weight:
0.5-D + 4
Lclump —07. drum clump [m] (4.16)
0.5-0.76+0.32
Bobbin type clump weight:
0.5-D gy +4
Lc]ump —0.55. drum clump [m] (4.17)
0.5-0.53+0.28
where 0.32 and 0.28 are the un-scaled lengths. 4,;,,,,, for the

roller- and bobbin type clump weights respectively (see
Figure 4-1), whereas Dy, and A, represents the new
dimensions for the clump weight with larger drum/ sphere
diameter.

The maximum upward (vertical) pull-over force for clump
weights is estimated by:
F,=03F,-04-m,-g (4.18)
While the maximum downward force (i.e. negative sign)
becomes:
F.=01F,-11'm, -g 4.19)

In each case it should be considered if the upward or the down-
ward force will give the most critical load combination.

4.5 Pull-over duration Trawl boards and beam
trawls
The force-time history of the horizontal and vertical force

applied to the pipe is shown in Figures 4-2 and 4-3 for trawl
boards and beam trawls, respectively.

A

Force [N] V - board

4

FZ

p>

\ P- board

T

<>
0.6s

p

<> Time [s]
0.2s

Figure 4-2

Sketch of force-time history for otter trawl board pull-over force

on pipeline. (Applies for both lateral and vertical pull-over forces,

Fp, and F)).

Force (N)
A

F,

0.7F,

»
»

Time (s)

0.6T T,

Figure 4-3
Sketch of force-time history for beam trawl pull-over force on
pipeline

The total pull-over time, 7}, is given by:

T,=C,-Cp(m, k)" +65,/V (4.20)

Note that the same coefficient, Cr, is used as for the forces and
is given by Eq. (4.4) to (4.8).

d, is the displacement of the pipe at the point of interaction
which is unknown prior to response simulations. Therefore,
the value of 5,/V must be assumed (e.g. as Cy C(m//k,,)2/10)
and may be corrected after response simulations in some sort
of iterative approach. However, the response has normally
been shown to be rather insensitive to realistic values of &,

The coefficient for the pull-over duration, Cy, is given as:

Cr=2.0 - trawl boards (4.21)

Cr=1.5 - beam trawls (4.22)

The fall time for trawl boards may be taken as 0.6 seconds,
unless the total pull-over time given by Eq. (4.20) is less than
this, in which case the fall time should be equal to the total time
but still allowing for some force build-up say 0.1 second.

Care should be taken in case of very short pull-over durations.
A sensitivity check with respect to the duration is recom-
mended, especially if the duration is close to half the natural
vibration period of a span.

4.6 Pull-over duration - clump weight

The model tests shows that the clump weight can be repre-
sented as a quasi-static load, and dynamic loading effects are
not significant during the pull-over. First the clump weight
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stops in the collision, then the warp line is tightened until the
clump weight is rotated over the pipeline. However, the pipe-
line response may be dynamic, e.g. if global buckling is trig-
gered. Thus, the following parameters are governing for the
pull-over duration.

— trawl velocity

— pipeline induced movement at interaction
— warp line stiffness

— clump mass

The pull-over duration of a bobbin and roller type clump
weight can be calculated as:
T,=F,/k, V)+o6,/V (4.23)
where, as for trawl boards and beam trawls, J, is the displace-
ment of the pipe at the point of interaction which is unknown
prior to response simulations. Therefore, the value of &,/V
must be assumed (e.g. 6,/V'=0.1F,/ (k,, - V')) and may be cor-

rected after response simulations in some sort of iterative
approach.

The force-time history of the pull-over force for clump weights
is shown in Figure 4-4 below.

A
Force [N]
FP
0.5F,
P . — "
0.2s Time [s] 0.6s
Figure 4-4

Sketch of force-time history for clump weight pull-over force on
pipeline (Applies for both lateral and vertical pull-over forces, F,
and F,).

4.7 Response calculations

Inertia forces reduce global response but may cause localisa-
tion of bending, such that it is uncertain whether neglecting
inertia will be conservative or not. Therefore it is recom-
mended to conduct the pull-over analyses as dynamic analyses.

Pipeline deflection and resulting bending moment from pull-
over loads depend on axial and lateral soil resistance:

— alower bound axial friction is conservative with respect to
pipeline displacement

— a lower bound lateral soil resistance may be conservative
with respect to bending moment from the pull-over force
alone, but may be non-conservative if the displacement is
dominated by the compressive axial force in the pipeline.

A sensitivity study needs to be performed, analysing the pipe-
line response from pull-over loads considering both upper- and
lower bound lateral soil resistance, combined with the lower
bound axial friction. The global analysis needs to include sen-
sitivity studies of governing parameters such as pipe to soil
interaction, to establish the proper functional load condition
factor.

The soil resistance applied in the structural model shall take
into account the short duration of the pull-over load.

In case of pipeline sections exposed to global buckling due to
temperature and/or pressure loads, trawl pull-over may trigger
lateral buckling, and reference is made to the design method-
ology and design criteria in DNV-RP-F110.

The pull-over analysis shall consider effects from subsequent
trawl pull-over considering the deformed shape from a previ-
ous pull-over and the most critical direction for subsequent
crossings. The number of subsequent pull-over events shall
consider the expected number of trawl gear interactions over
the design life for the relevant section.

5. Hooking

5.1 Introduction

Trawl gear hooking of pipelines, such that the trawl gear gets
stuck, is a rarely occurring event. As an example there were
reported a total of 7 events of trawling gear hooking on the
Norwegian Continental Shelf related to pipelines from 2000 to
2003.

In this context, hooking is defined as the condition where the
trawl gear is wedged under the pipeline, the trawler is forced to
stop, back up, and attempt to free the gear by winch in the warp
line (usually lift directly up).

The most likely scenarios for hooking, according to observa-
tion from small scale and field tests are:

— a de-stabilised trawl board (dragged on its back along the
seabed) approaches a pipeline on the seabed or a free span-
ning pipeline with a small gap. The trawl board may dig
under the pipeline and get hooked.

— the crossing angle with the pipeline is less than 45° and the
pipeline is free spanning. The warp line lifts the trawl
board off the seabed, it slides along the pipeline, becomes
de-stabilised, turns over and slides underneath the pipeline
until it gets wedged at the span shoulder.

For this reason free spans represent an increased risk of hook-
ing. However, even for pipelines resting on the seabed, hook-
ing cannot be ignored. A trawl-board may become unstable
and partly penetrate underneath the pipeline. Such a scenario is
most likely when the board is towed in a direction almost par-
allel to the pipeline or there are several pipelines or other sea-
bed obstructions in the area. A typical hooking scenario at a
free span is illustrated in Figure 5-1.

The typical response of trawlers experiencing hooking can be
described as:

— Initially the trawler moves with a constant velocity. The
tension from the warp lines onto the drum of the trawl
winches is relatively even. Brakes lock the trawl winch
drum. The brakes are pre-set to avoid damage to the trawl
in case it gets fastened.

— If the trawl gear hooks the pipeline, the winch starts pay-
ing out with the pre-set tension governed by the brakes.

— The trawler reduces/reverses the propulsive force.

— The trawler tries to unfasten the equipment by pulling with
the winch power from different directions.

— If this does not work, the trawler may haul the warp lines
and pull until something breaks or the gear comes loose.
This is provided that the winch has sufficient power or
structural strength and brake power if the ship motion is
used for jerking. The jerking can be caused by wave action
or by propulsion.

This implies that the pipeline structural integrity has to be con-
sidered for large hooking loads in different directions. Usually
the most extreme load will be vertical lifting until the trawl
gear is loose or the capacity of the lifting wire is reached.

Two hooking conditions are considered:

Part penetration: where a part of the considered trawl gear
components (trawl board, clump weight or beam) is stuck
underneath the pipeline. For trawl boards this may occur for all
span heights, also for pipelines resting on the seabed, while for
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clump weights and beam trawl a certain minimum span gap is
required.

Wedged is defined as the condition when the trawl gear com-
ponents have crossed under the pipe in a free span and is stuck
at the opposite side of the pipeline with the warp line under the
pipe. This is considered as a scenario with a very low likeli-
hood and is only relevant for trawl boards. A certain critical
span height is required for this to happen.

5.2 Structural model

The integrity of the pipeline when exposed to hooking is per-
formed by static finite element analyses, lifting the pipeline at
the hooking point to the critical height in accordance with Sec-
tion 5.5 and 5.6. The element type, pipeline model length and
boundary conditions requirements are the same as specified in
Section 4.2.

5.3 Snagging

As for subsea structures it must be ensured that no protruding
components or details exists that parts of the trawl gear such as
the ground rope of trawl net can snag on. Examples may be
bolted flanges, Tees, valves, etc. These need to be protected /
covered in order to avoid large snagging loads and in order to
be overtrawlable.

5.4 Critical span height

Trawl boards may become wedged for a free span height
exceeding:

H, =078 - trawl boards 5.1

The critical span height with respect to board wedging is pro-
portional to the board size. Hence, small boards are equally
exposed to hooking as larger ones, they are more frequently

used and give a smaller critical span height for wedging.

Part penetration is relevant for clump weights and beam trawls
provided the span height exceeds:

H. =07 [m] -clump weights (5.2)

cr

H, =05 [m] - beam trawls (5.3)
In case of beam trawling, span heights above the critical height
are normally not allowed since hooking may lead to excessive

loads due to the potential lever effect of the long beam.

Guidance note:

Rock dumping underneath the pipeline has been used to reduce
the span height below the critical value to mitigate potential
wedging. It is assumed that the rock berm must have a certain
width related to the length of the trawl board to give the intended
effect.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

5.5 Part penetration

If the maximum span height is below the critical height given
in Section 5.4, the pipeline should be analysed for a static lift-
ing height H), possibly limited by the maximum warp force
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(Section 5.7). H;may be estimated as:
H;,=0.7B-0.3-0D - trawl boards 54
H;=02L - clump weights (5.5)

In the lifting height expression for trawl boards above, the dis-
tance from the front to the first warp line attachment point
should be used as "B", if this distance is larger.

If detailed dimensions about the trawl boards used in the area
are not known, use of half the trawl board height, B, is assumed
adequate.

The lifting height expression for clump weights is a ratio of the
clump weight width, L.

For beam trawls, span heights exceeding critical height is not
allowed (ref. Section 5.4), and lift height from part penetration
is hence not relevant.

5.6 Wedged

If the maximum span height exceeds the critical height given
in Section 5.4, the pipeline should be analysed for an increase
in static lifting height of:

H, =B (5.6)

5.7 Maximum warp line force
The maximum warp line pull may be limited by:

— the strength of the warp line
— the braking capacity of the winches
— the maximum winch power

The pipeline can be subjected to the maximum warp line force
if the trawl gear does not loosen itself, e.g. by lifting the pipe-
line, before this force level is reached.

The breaking strength of a typical warp line is approximately
400 kN (32 mm diameter). However, double and triple warp
wires (up to 3 x 38 mm diameter) are used for the heaviest
trawl gears giving a total breaking strength of 800 - 1 200 kN.

Note that loads exceeding the winch power may be achieved
by locating the trawler just over the point where the trawl gear
is hooked, hauling the warp line until it forms a straight, verti-
cal line, lock the winch and using wave motion and/or propul-
sion force to increase the warp line force.

5.8 Response calculations

The hooking response can be calculated by a static analysis
applying the maximum lifting height as a prescribed displace-
ment. The maximum warp line force may limit the relevant
lifting force used in the analysis.

For calculation of the response during hooking relevant and
conservative models shall be applied. If simpler methods are
used, the conservatism in the results should be documented.

Assessment of hooking must consider the effect of any
restraint including rock berms, tie-in points, subsea structures
and other types of restraint.
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b)

Figure 5-1
Sketch of typical hooking scenario in a free span

a) trawl board approaches pipeline span at a skew angle,

b)  warp line comes in contact with pipeline and lifts board off seabed, board
turns over

¢) Dboard slides along pipeline with its front underneath the pipe until stuck
at the span shoulder.

6. Acceptance Criteria

6.1 General

The following specifies acceptance criteria for design or in
operation assessments to prevent damage due to trawl interfer-
ence. These criteria are based on DNV-OS-F101 wherein clas-
sification of safety classes is used to define acceptance criteria.
In DNV-0S-F101, the pipeline loads are classified into differ-
ent load categories to relate the load effect to different uncer-
tainties and occurrences. Trawl loads are classified as an
"Interference" load. The criteria are further differentiated with
respect to the trawl gear impact frequency, f;,,,,-

If necessary data to calculate the impact frequency is lacking,
the most critical frequency class given in Table 6-1 shall be
selected.

Table 6-1 Frequency classes for trawl gear crossings
Frequency class Impact frequency, fiy,,
[/vear /km]
High > 100
Medium 1-100
Low <1

6.2 Pipe shell - impact

An acceptable design against impact requires assurance
against the following failure modes:

— Denting: The out-of-roundness due to a dent should not
prevent safe operation of internal inspection vehicles.

— Collapse: The capacity against collapse shall be checked
according to the collapse criterion in DNV-OS-F101 by
using an ovality which corresponds to the dent depth. Such
a failure mode will, however, mainly affect temporary
phases with external overpressure, e.g. installation or loss
of pressure. May also apply for shut-downs, when the fluid
density is less than for the external sea water.

— Fatigue: The stress concentration caused by a dent shall be
accounted for by a suitable SCF in fatigue calculations.

The maximum accepted ratio of permanent dent depth to the
outer pipe steel diameter is:

H, . /D=0.05n (6.1)
where H, . is the characteristic permanent plastic dent depth
and 7 is the usage factor.

The acceptable permanent dent sizes are given in Table 6-2.
No notch or sharp indentations is permitted. This shall be
ensured by the use of a coating which protects the steel pipe
from direct contact with any sharp edged part of the trawl gear.

Table 6-2 Acceptable dent sizes relative to outer diameter

Frequency class Usage Dent depth, H,,.
[%] of D
High (> 100) 0.0 0
Medium (1-100) 0.3 1.5
Low (< 1) 0.7 3.5

Note:
Acceptable dent depth also needs to comply with the requirements
given in DNV-OS-F101.

The dent size shall be estimated by using the force-dent pipe
shell relationship given in Section 4 or similar calculations
using non-linear shell FE analysis as described in Appendix A.
The dent size may also be measured during impact testing of
the coated pipe.

The effect of dents on additional failure modes for fatigue and
collapse shall be considered. Dents and especially dents with
notches in the girth weld area may have a significant effect on
the fatigue damage due to e.g. variations in the internal pres-
sure.

6.3 Coating - impact

Coating is used for protection of the steel pipe in addition to
possible weight increase and thermal insulation.

The protective coatings must be qualified by impact testing
applying the following:

— The energy absorbed by the coated pipe shell shall be
quantified based on the impact response calculations in
Section 3 taking into account the efficiency of the test rig.

— The number of test impact blows shall consider the trawl-
ing frequency, see Table 6-3.

Table 6-3 Number of test impact blows within 0.5 metre length

For pipelines exposed to different types of trawl equipment
with significant differences in mass and trawling frequency
(e.g. trawling both with and without clump weights), qualifica-
tion may be based on an acceptance criterion for each equip-
ment type. Impact testing would then need to cover the total
number of test blows of all equipment categories. The number
of trawl equipment categories should be limited to three, to
avoid unrealistic low frequency class per category.

Frequency class Impact frequency, f,, Blows
[/yvear /km]
High > 100 8
Medium 1-100 4
Low <1 1

Note that the field joint coating must satisfy the same require-
ments as for the general coating because the impact frequency

DET NORSKE VERITAS



Recommended Practice DNV-RP-F111, October 2010
Page 23

applies per unit length. The impact testing considers repeated
testing within a single 0.5 m length. The probability of impact
is equally distributed along each section of the pipeline. Hence,
the probability of impact is equal for the 0.5 m long field joints
as for the pipe joints.

The following functional requirements apply for the coating
including the field joint coating:

— the pipeline steel material shall be protected against dents
larger than acceptable

— the pipeline corrosion protection system shall remain
intact, i.e. if damage to the corrosion coating exposing the
steel is not acceptable, this must be compensated by con-
servative increase in cathodic protection

— acceptable weight loss shall be in accordance with the
requirements for on-bottom stability of the pipeline.

Additional requirements valid for concrete coating:

— the inner reinforcement layer shall not be exposed

— large areas (typically 200 x 200 mm) of concrete spalling
should be avoided. However, the acceptance criterion for
acceptable spalling area is governed by cathodic protec-
tion requirements for pipeline and coating steel reinforce-
ment, and requirements related to resulting submerged
weight of the pipeline. Provided these acceptance require-
ments are met, larger spalling areas may be accepted.

Additional requirements valid for insulation coating:

— the insulation effect must not be degraded by trawl gear
impacts.

6.4 Pull-over

The trawl pull-over load may cause a lateral displacement and
associated bending of the pipeline. In combination with the
compressive axial force, trawl pull-over may lead to rather
large deflections and high utilisation of the pipeline steel mate-
rial. Four scenarios are typically foreseen:

1) apipeline with negligible effective axial force

2) a pipeline with release of effective, compressive axial
force (postbuckling) prior to trawling

3) apipeline with release of effective, compressive axial force
simultaneously with trawling (i.e. the trawl load triggers the
global buckling)

4) a free spanning pipeline.

Scenario 1 and 4 are covered within this RP. For scenarios 2
and 3, more detailed assessments are required to establish the
proper functional load condition factor including sensitivity
studies, analysing the pipeline response from pull-over loads
considering both upper- and lower bound lateral soil resist-
ance, combined with the lower bound axial friction.

Scenario 1 and 4 are covered within this RP, while scenarios 2
and 3 are covered by this RP in combination with DNV-RP-
F110.

Figure 6-1 gives an overview of the safety factors to be applied
to the trawl pull-over load effect.
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Figure 6-1

Trawl pull-over load effect factors.

Guidance note:

The annular trawling frequency threshold level where trawl pull-
over loading may be disregarded is one order of magnitude below
the acceptance criteria on total probability of failure, given in
DNV-OS-F101. This is to account for that the considered pipe-
line section may be exposed to additional accidental loads than
trawling.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

As noted from Figure 6-1, the trawl pull-over load is combined
with the design functional load (i.e. local design pressure and
temperature - i.e. not "maximum incidental pressure") for an
annual trawling frequency per section larger than one.

For pipeline sections with annual trawling frequency of less
than one, the pull-over interference load shall be combined
with the local normal operating functional loads (i.e. not "Max-
imum Operating Loads", and based on appropriate tempera-
ture- and pressure profiles along the pipeline, to reflect the
local functional load per considered section).

Further, for sections with annual trawling frequency of less
than one, the trawl pull-over load may be reduced by a factor
of 0.8 to account for the low probability that such low fre-
quency trawling occurs with the combination of both the larg-
est equipment, trawl direction perpendicular to the pipeline at
maximum trawling velocity and at the most critical position.
See Table 6-4.

Table 6-4 Trawl pull-over load factor for different trawl
frequencies

Load factor 1.0 0.8

Note: this is a load factor to be applied directly on the pull-over load
calculated according to equations given in Sec. 4 above (i.e. and not
on the load effect referred in Figure 6-1).

Note that the trawling frequency given in Figure 6-1 is not
annual per kilometre as for the trawl impact frequency in Table
6-1 but annual per relevant section. This frequency is calcu-
lated according to Eq. (2.1) by considering section length
instead of per km.

Section is here defined differently depending on pull-over sce-
nario:

— pull-over response in the apex of a lateral buckle (post-
buckling, scenario 2): The section length is taken as the
length of the sum of buckles if more than one buckle is
anticipated. The length of the relevant section is typically
less than 100 meters per buckle.

— pull-over response of not buckled pipeline (pre-buckling
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scenario 1 and scenario 3): section taken as the length of
the entire pipeline (order of kilometres) or a pipeline
stretch where trawl gear crossing frequency, effective
axial force, soil resistance and other important parameters
are more or less constant

— pull-over response in free-spans (scenario 4): section
length taken as the sum of the span lengths.

The condition load effect factor defined in DNV-OS-F101, y.,
may be used to account for different reasons, e.g. due to:

— uneven seabed
— pull-over with low probability of occurrence, and/or due to
— sensitivity analysis for buckling pipelines.

In case several y. are relevant simultaneously, they should be
multiplied to account for all effects.

For free spans on uneven seabed the y. applies for the vertical
load component of the trawl load. This is to account for uncer-
tainty in gap height, span length, soil support stiffness and pos-
sible variations of these over time. The load condition factor
for the vertical load component of the trawl load shall be taken
as y- = 1.07, unless sensitivity studies on relevant parameters
can justify a lower factor. The load condition factor for the hor-
izontal component of the trawl load at free spans is = 1.0.

The following requirements shall be fulfilled to ensure safe
operation of the pipeline during and after trawl pull-over:

— The trawl pull-over load effect shall be checked in combi-
nation with other load effects (e.g. from temperature, pipe-
line sagging, etc.).

— All relevant failure modes stated in DNV-OS-F101, i.e.
local buckling, accumulated plastic strain, etc. shall be
checked. The usage factors for these failure modes are
given in DNV-OS-F101 for each safety class.

— In free-spans, the span length and the gap may change for
different operating conditions. The trawl interference analy-
ses should be performed for all relevant span configurations.

— A load effect factor equivalent to the functional load effect
factor (= = 1.1) shall be used for the pull-over interfer-
ence load with an annual trawling frequency >10-2. For
occurrences less than once per hundred year, the pull-over
interference load may be considered as an accidental load
(74 = 1.0). In case of extremely infrequent trawling, the
pull-over load effect can be disregarded, see Figure 6-1.

— Possible accumulation of damage, i.¢. strain, due to subse-
quent trawling should be accounted for where applicable.
The worst combination of subsequent trawling directions
should be checked, i.e. all in the same direction or some in
the opposite direction.

The effect of concrete coating bending stiffness should be con-
sidered, as localisation of bending may occur due to the dis-
continuity of stiffness in the field joints.

For pipelines exposed to different types of trawl equipment with
significant differences in masses and trawling frequency (e.g.
trawling both with and without clump weights), qualification
may be performed for each of these - e.g. the pull-over load from
equipment with low trawl frequencies may be considered com-
bined with appropriate operating loads (i.e. pressure and tem-
perature), whereas equipment with high trawl frequency should
be combined with the design pressure and temperature.

6.5 Hooking

The following requirements shall be fulfilled for hooking
loads:

— The trawl hooking load effect shall be checked in combi-
nation with other load effects where applicable (e.g. tem-
perature effect loads, pipeline sagging, etc.).

— Due to the low probability of hooking, typical / normal
operational values can be used for pressure and tempera-
ture.

— All relevant failure modes from DNV-0OS-F101, i.e. local
buckling, accumulated plastic strain etc. shall be checked.
The usage factors for these failure modes are given in
DNV-0S-F101 for each safety class.

— Hooking shall be regarded as an accidental limit state, thus
the load effect factors for the hooking and other load
effects shall be equal to unity, i.e. y4=1.0.

— The hooking load effect shall be checked as a load control-
led (LC) condition.

The effect of concrete coating should be considered, as the
stiffening effect of the coating will lead to a longer lifted sec-
tion, higher lifting forces and bending moments.

For the lowest trawl gear impact frequency class, hooking is
assumed to have a very low probabilitz?/ (i.e. annual hooking
frequency per pipeline of less than 10~* to 10-> per year) and
can be neglected.

7. Coating Impact Testing
7.1 General

The following describes a method for qualification of the pro-
tective coating with respect to trawl impact. The method
implies testing of coated pipe sections and covers the follow-
ing items:

— specimens to be tested

— test equipment

— test procedures

— calibration of test equipment.

7.2 Specimens

Types: Coated pipes with relevant materials and dimensions.

Number of specimens per coating type: minimum 3

Length of specimens: minimum 2x0D

The coating shall be documented by specifying the coating
type, possible reinforcement and the application procedure.

For quality control of the coating during production or applica-
tion, samples should be tested when new batches of coating are
applied. New batch is in this context defined as a batch for
which a possible change in the production procedure can
change the final mechanical properties.

Concrete coating shall have achieved its twenty-eight day
strength before testing.

In case the coating is sensitive to temperature, the impact test
shall be carried out both at maximum and minimum tempera-
tures.

The effect of ageing during the design lifetime should be
accounted for.

The field joint coating must satisfy the same requirements as
for the general coating. Alternatively, documentation from
previous tests on similar pipes may qualify the field joint coat-
ing material.

For pipelines with attached heating cable protection cover, this
cover could be qualified by impact testing separately from the
pipeline with coatings. The protection cover test should then
be performed on rigid foundation, and include the heating
cable. The test energy level needs to be derived from represent-
ative analyses, reflecting the tested configuration as illustrated
by Figure 7-1.
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Force

FTesl

Deformation

Figure 7-1
Typical load versus displacement plot for a pipeline with coating
and attached DEH cable with protection structure

The following two impact test requirements apply for the DEH
cable with protection structure attached to the considered pipe
section:

1) Impact test energy level E7,; = Eppy + Epjpe. Alterna-
tively, if the DEH cable with protection structure is tested
separately from the pipe on a rigid foundation, the test
energy may be limited to E7,,, = Epgy-

2) Minimum required impact force induced by the test ham-
mer shall be Fr,, (see Figure 7-1), to document that the
system including cable sustains this load level without
unacceptable damage.

Alternatively, the load capacity can be documented by a
static load versus deformation test.

The value of the F7,,,, needs to be established based on rep-
resentative analyses, as described in Appendix A.

The load versus deformation curve may vary for different pro-
tection structure designs, and needs to be established by tests
for each type.

7.3 Test equipment

7.3.1 General
A typical test rig is shown in Figure 7-2.

Hammer

=

m;

Hammer 1ith

|

Figure 7-2
Typical test rig outline

The kinetic energy of the hammer is:

Ey, =m,gH, (7.1
where my, is the mass of the hammer, g is the gravitational
acceleration and H, is the pendulum height.

7.3.2 Hammer

The mass of the hammer shall reflect the mass of the trawl
equipment that the test is to represent.

The hammer shall be designed to accommodate the impact
forces without significant flexing or permanent deformation.

The front of the hammer should ideally have a shape represent-
ative of the trawl equipment. Normally both trawl boards and
beam trawls (with hoop bars) have rounded frontal shapes.
Further, the structural frame of the largest clump weights is
made from 40 - 50 mm plates.

A rectangular plate of 300 mm height and 50 mm width with a
flat or half-round front may generally be used, see Figure 7-3.
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Figure 7-3
Hammer front shapes

However, due to damage and repair of the trawl gear, sharp
edges may occur and should be considered. A rectangular plate
of 300 mm height and 50 mm width with a conical shape and
an edge radius of 10 mm may be used.

7.3.3 Pipe supports

The pipe support system should be adequately stiff and mas-
sive so that the energy is absorbed by the pipe and coating and
not by the rig.

The mass of the supports should exceed 10 times the mass of
the hammer.

The stiffness of the supports should exceed 10 times the initial
shell stiffness of the pipe and/or the initial coating stiffness of
the specimens to be tested.

Practical solutions to obtain this stiffness are:

— to mount a stiff mass behind the pipe in the impact direc-
tion (see Figure 7-2, mass m )

— to attach the rig to a massive floor (see Figure 7-2, mass
m,). The attachment to the floor must be designed to
accommodate the maximum impact forces imposed by the
hammer.

Brackets "B" between the pipe and the rig supports shall be
"stiff" (steel) and give an even support of the pipe. The brack-
ets shall extend over a length of at least 0.5D and a circumfer-
ence of at least 30°. There shall be means to pre-tighten the
specimens to the brackets and the rig.

The requirements for the pipe support as given above are valid
for impact energies calculated according to the simplified
method as given in Section 3 and the advanced method as
described in Appendix A.

However, the impact energy to be applied in the tests may be
calculated without the reduction factors as given in Section 3.

Then the pipe supports are allowed to be more flexible, e.g. a
simple support span of 1-2 metres supported on wooden
beams.

7.4 Test procedure

Determine:

— the test impact energy based on the qualification impact
energy and the test rig efficiency factor

— the numbers of impacts required for each specimen, see
Table 6-3.

Determination of impact resistance by repeated impact tests:

— repeat the testing until unacceptable damage according to
Section 6.2 and 6.3 is detected. Each impact is performed
at a location on the specimen as defined in Figure 7-4.

Figure 7-4
Positions for repeated impacts

— test several specimens and determine the impact capacity
resistance by one of the following methods:

1) At least 3 impact tests on different pipes are per-
formed. The capacity is set equal to the lowest number
of impacts before unacceptable damage:

n,, =min(n,) i =123 (7.2)

2) At least 6 impact tests on different pipes are per-

formed. The mean and standard deviation for these

tests are calculated and the characteristic impact
capacity determined as:

Neap = Mmean — 9 (7.3)

Here n,,, is the capacity of the coated pipe in terms of number
of impacts before failing, n,,,,, is the mean number deter-
mined in testing while o is the standard deviation.

7.5 Test-rig calibration

Some of the kinetic energy will be absorbed by the flexibility
of the rig and the pipe support system as the rig is not 100%
efficient. Therefore, the impact energy applied in the tests shall
take into account the efficiency of the rig.

The efficiency depends on the rig design and the design of the
brackets or interference with the coating or pipe shell. The effi-
ciency of the test rig may be calculated based on the mass and
stiffness properties of the rig or estimated from dynamic meas-
urements.

Hard concrete coated specimens, supported by solid steel, pre-
tightened brackets as in Section 7.3 is considered to be practi-
cally 100 % efficient.

The efficiency of polymer coated specimens may be deter-
mined by aid of static or dynamic measurements. Alternatively
the coating may be removed and the pipe supported as sug-
gested in Section 7.3.
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APPENDIX A
ADVANCED IMPACT CALCULATION METHOD

A.1 Introduction

Physical effects that absorb kinetic energy during the trawl
gear impact are:

— local deformation of the pipe steel wall

— local deformation of the coating

— local deformation of other elements that absorbs trawl
impact energy (e.g. piggy-back heating cables inside pro-
tection structure)

— global pipe bending

— pipe inertia effects inclusive hydrodynamic added mass

— trawl board, beam or clump weight deformation

— friction between pipeline and soil

— soil deflections.

These effects may be included in an analysis model and a
dynamic simulation performed to reduce the uncertainty and
conservatism in the simplified approach.

Further, other pipeline configurations not covered by the sim-
plified method (ref. Section 3) may be covered by analyses:

— flexibles

— pipelines with other coatings (e.g. polypropylene, polyeth-
ylene, field joint coatings)

— piggyback electrical cable strapped to the pipeline

— electrical cable protection structure

A.2 Analysis Model
Trawl boards

For trawl boards the effect of impact is split into two parts; one
associated with the in-plane velocity of the steel mass of the
board, and a second, which will generally occur some hun-
dredths of a second later, caused by the hydrodynamic added
mass acting through the flexural stiffness of the board.

Beam trawls

For beam trawls the in-plane deformation and stiffness of the
beam is of importance. However, as the beam is spanning 10-
20 metres, the effect of the mass of the beam and the shoe in
the opposite end will gradually increase with time. Therefore,
to represent the bending of the beam correctly it is recom-
mended that the beam is modelled with beam elements and
concentrated masses at each end to represent the beam shoes.

Clump weights

The clump weights used differ in shape and mass. However,
the largest clump weights used in the North Sea and in the Nor-
wegian Sea are the roller type. Two typical impact scenarios
are illustrated in Figure 3-2. The following effects should be
considered in an advance impact analyses with clump weights:

— Dynamic simulation, to calculate the input impact energy
when the clump weight hits at one corner, to account for
the induced rotation of the clump weight.

— Local stiffness of clump-weight, considering both impact
at corner and impact at mid-span of clump weight. (Simple
analyses give a stiffness of approximately 4200 MN/m for
the corner plate, and 22 MN/m for a typical front frame
beam before interfering with the drum, exposed to a single
point load at mid-span).

Added mass of one clump weight can be calculated according
to the methodology given in DNV-RP-C205. Typical mass of
entrained water in clump weights are given in Table 3-1.

Analyses model assembly

The principles of the analysis model are shown in Figure A-1
for trawl boards. A similar model is applied for beam trawls

and clump weights except that the lateral stiffness and the asso-
ciated added mass are omitted. In addition the kinematics of
beam/clump will cause a time dependent effective mass and
stiffness that may be accounted for in an analysis.

Here:

— my, and m, are the hydrodynamic added mass and steel
mass of the trawl gear

— ky and k; the out-of-plane and in-plane stiffness of the gear

— k. represent the stiffness of the protective cover for heat-
ing cable attached to the pipeline, when applicable

— k5 is the stiffness of coating

— k.3 represents any possible effect it has on the steel shell
stiffness by distributing the impact force over a larger area
by shear deformations in the coating

— k, is the local shell stiffness of the steel pipeline

— m,, is the effective mass of the pipe, including hydrody-
namic added mass effects

— Ky, is the effective bending stiffness of the pipe

— k,, is the effective soil stiffness acting on the pipe.

The effective masses and effective velocity to be applied in the
dynamic analysis may be obtained from simulations of the
trawl impact or from the simplified, conservative values given
in Table 3-1.

The pipe mass, bending stiffness and soil resistance involved
in the interaction all vary with time as more of the pipe adja-
cent to the interaction point is involved. This pipe and support
sub-system may most conveniently be modelled as beam ele-
ments, see Figure A-2.

Note that the effective masses and impact velocity are based on
an impact direction perpendicular to the pipe. Due to symme-
try the problem may be reduced to a half model.

A sufficient length of the pipeline must be included in the
structural model to avoid end effects influencing the results. A
length of the half model in the order of L/D = 50 is found to be
sufficient for a 16” pipeline. However, as the necessary length
may vary with other factors as weight etc., it should be verified
that the model has a sufficient length.

A.3 Trawl Board Stiffness

It should be noted that the shell stiffness of a pipeline would
normally be in between the trawl board in-plane and bending
stiffness. This implies that the impact energy associated with
the in-plane steel mass will mainly be transferred to the pipe,
while the impact energy associated with the added mass will
partly be absorbed by flexing of the trawl board. The amount
absorbed by the bending action of the trawl board depends on
the relative stiffness between the pipe shell and the trawl
board.

The trawl board stiffness &, and k; can be estimated through FE
analyses, however the values given in Table 3-1 may be used
for all trawl boards if no other information is available.

A.4 Pipe Shell Stiffness

If the pipe shell is not modelled directly, the coating and shell
stiffness may be obtained from tests or separate analysis.
These are applied as non-linear springs attached to the pipe
beam model.

The shell stiffness must also account for the front shape of the
trawl board or shoe, as the geometry of the contact area will
significantly influence the relation between the contact force
and the pipe indentation.

If no detailed information is available, the local stiffness of a
concrete coated pipe may conservatively be approximated by
the following relationship between the impact force and the
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indentation depth of a bare steel pipe:

3 1
Fg =5-f,-t? -H.2 Al
Here, F, is the impact force experienced by the pipe shell, ¢ is
the wall thickness and H, is the dent depth. (i.e. both elastic and
plastic).

The basic assumption for the above relationship between the
contact force and the indentation is that the concrete coated
pipe is stiffer than the steel shell. Thus, the estimated stiffness
is lower than the real one and the calculated absorbed energy
becomes larger. In this way the effect of the coating is conserv-
atively neglected. For soft coatings this relationship may lead
to a non-conservative result as the energy absorption becomes
larger than for the bare steel pipe.

The energy absorbed locally by the steel pipe can be calculated
directly from the maximum force obtained from the impact
analysis as:

2.F,°

A2
75,713

Eab :IFSI1(Ht)dHt =
A.5 Soil Stiffness

The soil stiffness, kps, is the effective stiffness which is to be
determined dependent on the soil type. Analyses should be

i Trawl equipment | Coating and shell

Id a»la

based on conservative values of the upper- and lower bound
soil stiffness (i.e. with respect to pipeline response).

A.6 Masses

If the pipe shell is modelled by shell elements, the effect of the
content and the hydrodynamic added mass can be accounted
for as a smeared mass over the shell.

When calculating the hydrodynamic added mass of the pipe-
line, the span height over the seabed shall be accounted for by
appropriate methods as e.g. in DNV-RP-F105.

A.7 DEH cable with protection structure

The stiffness of the DEH cable protection structure, with the
electric cable located inside, may be obtained from tests, pro-
viding non-linear effects such as when the protection structure
is fully deformed and in contact with the electric cable.

The stiffness of the DEH cable with protection structure may
be affected by different combinations of impact velocities,
mass, and water filling of the protection structure. The test pro-
gramme to establish this stiffness should reflect these parame-
ters. For systems where the stiffness is sensitive to the impact
velocity, the applied test impact velocity needs to comply with
the established trawl velocity of the considered area.

The non-linear spring representing the DEH cable with protec-
tion structure is included in the analysis model at the impact
location, as shown by spring stiffness k., in Figure A-1.

iPipe & Support |

alg al

l< ><
| |

|

|

m, ky,

kcl

Figure A-1

>
| |
|
|

Kob

Principles of the analysis model for trawl gear impacting a pipeline. Note, the hydrodynamic added mass for trawl boards is applied
through the out-of-plane stiffness, whereas for clump-weights the added mass is added directly to the mass of the clump weight (i.e. for
clump weights, the total mass equal (m, + my), and associated stiffness equal k;).
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force includes effect of trawl
equipment geometry at impact point,
and possibly DEH cable protection
structure and/or possible coating.

1 Perform static analysis. Denting

Establish force-dent
relationship of the
local pipe shell.

Trawl equipment
stiffness and mass both /

in- and out-of-plane /
bending, given initial
impact velocity and

direction. DEH cable with prot. structure
VA stiffness

Local pipe shell
stiffness

Perform dynamic analysis. Pipe
3 shell performance included as
non-linear spring. Trawl .
equipment stiffness included as
springs. Pipe global bending
stiffness included by use of
beam elements. Soil stiffness
modelled with discrete ground
springs both vertical and lateral.

Calculate impact energy
absorbed locally by the pipe
shell, coating and DEH

4 protection structure based on
the maximum impacting
force and the established
force-dent relationship.

Force

v

Figure A-2
Typical scheme for simulation of the impact process
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APPENDIX B
EXAMPLE

Design basis
As an example a 13 km 14” pipeline is chosen to demonstrate the use of the RP.

Pipeline dimensions and material (general)
Pipeline dimensions

Outer diameter, D ......ccoeeeeeveeeieieeeeeeeeeeee e : 356 mm

Wl thiCKNESS, b0 «veeeenreeeeereeeeeieeeeeeeeeeeeereeeeereeeeeaeeeens : 16 mm

Corrosion alloWance, tog..ooveeeerveeeeeireeeeeieeeeeieeeeeeneeens : 3 mm
Steel material

Steel QUALILY ...oeveiieceeeee e : SML4501 U

Specified minimum yield Stress.......coccvvvvevereereeriennnne. : 450 N/mm’

Specified minimum tensile strength.............cccccvevieennen.. : 535 N/mm’

Derating at design temperature .............ceeeeeeveeveevereennns : 0 MPa
Coating

) 0TSO : Concrete

THICKNESS ... : 40 mm

Specific WEIZNt ......coveeiiiiiiiieieeeeee e : 1900 kg/m’
Content

(0] 11 <] 1 | ARSI : OIL

Specific WeIZht ......ooeeiieiiiieeeeee e : 800 kg/m’

Design tempPerature .........cocvevveereeeieeierieneeeeeeeeeeseeeeens : 40 °C

DeSIN PIrESSULE. ...c..eetieieeieeieeie e eeceeeeeee et sieeeeees : 100 barg

Environmental data
Water depth, d.......ccoooieiieiiiieceeeeee e : 300 m
Ambient temMPErature ............cceveverreereerieecreseerreereeeeneens : 5 °C

Soil conditions

Sand, friction angle, ¢ ........cceeceerveriecieieieeee e : 35 deg.

Axial friction coefficient.........cocoeevecienienieciieieeieeeene : 0.4

Lateral friction coefficient .........ccccccvvevvieerieeceenciieeieee, : 0.6
Safety Philosophy

Fluid category ...ccveevveiiiiieniieeee e : B

Location Class ......cccverveerieeiiieeiie et : 1

SaAfELY ClaSS ..vevvveeeieeiieeie ettt : Normal

Trawl equipment and fishing intensity see (Section 2)

The pipeline is operated in an area exposed to consume trawling where the largest (4000kg) polyvalent board is used. No beam
trawling is expected in the area. The fishing vessel density (i.e. number of trawlers per area) for the field is found by a separate
study to be 0.4 per 103 km? as a mean for the whole pipeline route. A predominant trawling direction of 70° to the pipeline is
found due to the bottom topography. The whole pipeline length is exposed to trawl loads.

Trawl Doard tyPe .....cceveeeriieiieieeee e : Polyvalent
Trawl board Steel MaSS, My ......cccuveeeeereeeeeeeeeeeeeeeeeeee e : 4000 kg
Trawl size (length X height) .......cccooeiiiniiniiiiii : 45x%x35 m
Trawl VElOCItY, V...eoiiiiiiiiiiicieeeeeee e : 2.8 m/s
Warp line length, L,.....ccoocoeviiiiiiiniiieieeeeeeee e : 3xd=900 m

Trawling frequency (see section 2.4)
VesSel denSity, £......ooueeuiinieniieieeieeieeee e : 0.4 per 10’ km’

The trawl gear impact frequency is calculated as (see Equation 2.1):

Sop =0g 1V -a,-cosp= 2-L-10.1k—mcos(200) =0.0076 per hr—km = 64 per year—km
10% km? hr

DET NORSKE VERITAS



Recommended Practice DNV-RP-F111, October 2010
Page 32

Impact (see Section 3)

The simplified approach is used to obtain a conservative result. The pipeline is coated with normal density concrete that is stiff
enough to conservatively assume a shell stiffness of the coated pipe at least equal to that of a bare steel pipe. The pipe is resting
on the seabed with no free spans.

Trawl equipment, additional data for impact calculations (see Table 3-1)

Trawl DOArd tYPe ....ccvvevieieeiieiieieeie et : Polyvalent
Trawl board hydrodynamic mass, m,=2. 141, ........cccccvveuenneen... : 8560 kg
Trawl board bending stiffness, Kp.......cceeoereereenieniiiieeee : 10 MN/m
Trawl impact velocity coefficient, C, ......ccceeevvevenveniinireiennne. : 0.85

Energy reduction factors (see Figure 3-3)
Steel mass associated, Ry.......ccooviviiiiiiiiiiiiiicc : 0.55
Added mass associated, Ry, ....ccoeevivieieiieiiinininicnccieceeee : 0.25

Pipe wall thickness: t=twm—teoyy=16—3 =13 mm

Absorbed impact energy (see section 3.3)
The absorbed energy due to the impacting steel mass is calculated as (see Equation 3.1):

Eg =R -Lm (C,1)? =055-14000-(0.85-2.8)* = 6.24/
The impacting force caused by the hydrodynamic mass is calculated as (see Equation 3.2):
Fy = CyV(mgkp)*> =0.85-2.8-(8600-10-10%)%° = 7004N
which then gives the absorbed energy of the hydrodynamic mass (limited by the maximum energy available, see
Equation 3.3):
W <3 my(Cy V)
2-(700-10°)°
75-(450-10%)2 -(13-107%)3
E, =3.1kJ <24.4kJ

E, =0.15- <18600-(0.85-2.8)>

The absorbed energy is the maximum of £, and E,, i.e. 6.2 kJ. This estimate is conservative, especially for smaller
pipelines; hence an analysis according to the model given in Appendix A is performed.

Dynamic analysis:

Impact - Force vs. time

450

Max. 395 kN

400 ~

350 -

300 -

250 -

200 -

Impact force [kN]

0 ‘ ‘ ‘ ‘ ‘
0 0.02 0.04 0.06 0.08 0.1
Time [s]

Figure B-1: Impact force versus time, obtained from dynamic finite element analysis
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Impact force, obtained from FE analysis, see Figure B-1:.......... : 395 kN
Energy absorption, Equation A.2........cccccevevieeciieiiienieenieeeieens : 3.7 kKJ
Permanent dent depth, H,, c....oooovviiiiiiiiiiiii, : 9.0 mm
Permanent dent depth, as % of outer steel pipe diameter............ : 25 %

The impact energy to be applied in the testing of coated pipes is reduced from 6.2 kJ to 3.7 kJ using the
advanced method given in Appendix A.

Note: The dent depth is calculated with a pipe shell stiffness as for a bare steel pipe, i.e. neglecting the stiffness
contribution from the concrete coating. Therefore, this value which slightly exceeds the acceptance criteria must
be considered as a conservative estimate. It is believed that the dent depth found during impact testing of the
coated pipe will be well within the acceptable limits according to section 6.2.

Pull-over (see Section 4)

The pull-over scenario is analysed using a dynamic finite element analysis. To focus on the pipeline response from the pull-over
load only in this example, the pipeline is considered to have released the residual forces by global buckling close to the pull-
over location. Hence, the considered pipeline has negligible compressive forces due to thermal and internal pressure effects,
and the analyses are based on zero operational pressure and ambient temperature in this example.

Trawl equipment, additional data for pull-over calculations:

Water depth, d........ooveiiiiiieee e : 300 m
Trawl board height, (7 = 2B) ..cooceeviiiiieieeeeceeeeee e : 35 m
Span height, Hy, ...ooooiiiiiiiii : 0.0 m
Warp line diameter..........ccveoueeierienieeee e : 38 mm
Drag coeffiCient .........ccceeririirieiee e : 2.0
Added mass coefficient............ocovveeieiiieieiie e : 2.0
Axial friction coefficient..........cccooevieeiiiiiiieciieciccee e : 0.4
Lateral friction coefficient .............cccooeeeiiiiiiiiiicecic e, : 0.6
Load effect factor............ooovviiiiiiieieiic e : 1.1
Condition load effect factor, yc....oovveeveeierieieieeeeeee e : 1.07

Note: the load effect condition factor, i, is to be applied on the vemcal component of the pipeline response
from the trawl pull-over load, i.e. to the moment acting about the horizontal axis perpendicular to the pipeline
axis.

The functional load factor, . is to be applied to the total pipeline response from the pull-over load, i.e. both the
axial force and moment response from the pull-over load.

Pull-over load (see section 4.3)
Dimensionless height (see Equation 4.5):
— H,+0D/2+0.2
7ot =0+0.436/2+0.2=0'239
B 1.75

The empirical force coefficient (see Equation 4.3):

Cr=80-(1-e %) =80-(1- 8922139

The warp line stiffness is estimated as (see Equation 4.8):
35-100 3.5-107
L 3-300

k:

w

=39 kN/m

w

The maximum pull-over force becomes (see Equation 4.2):
F,=C,-V(mk,)"* =1.39-2.8-(4000 -39 -10°)""* = 48.6 kN
The corresponding maximum downward acting force becomes (see Equation 4.9):

F,.=F,(02+ O.8~e(’2'5"7’) =48.6-(0.2+ 0.8 ") =31.1 kN

Pull-over load duration (see section 4.5)
Pull-over duration (see Equation 4.19):

T, =C,Cp(m, k)" +8,/V=(1+0.1)-2.0-1.39 (4000 /39000 )"'* = 0.98 s
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Acceptance criteria (see Section 6.4):

The resulting pipeline effective axial force before the pull-over load is applied, is -81 kN. The loads specified in the following
reflect the total response from the finite element analysis:

Displacement

0.400
0.350 -
0.300 ~
0.250 ~
0.200 -

0.150 1
0.100 1
0.050 1
0.000
-0.050 2

Displacement [m]

g ] 1‘0” 1NSF 2‘0.

g - 7

1st. d 4th
Pull-over load

Moment - Trawling
2.00E+05

1.50E+05 - A —
1.00E+05 -
5.00E+04

0008200 A A A A

-5.00E+04 o c L ,

Moment [Nm]

-1.00E+05 | , e
-1.50E+05 | - Msqrt

-2.00E+05 |

Time [sec]

Figure B-2: Pipeline response, obtained from dynamic finite element analysis

First pull-over (dynamic analysis):

Effective axial force (functional) ..........cccoeeevoierverienieeieeiene, : -69 kN
Maximum bending moment (functional) .........cccccceveerveenieennnnnne : 113 kNm
IMAXIIMUIN SEEESS ...venvieeeiienientete st sttt ettt eeeeeeeeenneneens : 94 MPa
Utilisation, local buckling (at time “A” in fig. B-2, ref. OS-F101) ....... : 0.38 (OK)
Fourth pull-over (dynamic analysis):
Effective axial force (functional) ..........ccceeevevvevveneeniieieseeneenn, : -40 kN
Maximum bending moment (functional) ...........ccccceerveriirriirnenne : 148 kNm
IMAXIIMUIN STTESS ...vveerreerreeeereeereeereesreesseesseesseesseessseesssesssseeans 124 MPa
Utilisation, local buckling (at time “B” in fig. B-2, ref. OS- F101) 0.46 (OK)

Note: Four subsequent pull-overs at the same location and in the same direction are considered to give a
conservative estimate for the effect of subsequent pull-overs for this pipeline that rests at seabed. The lateral
displacement increases for each pull-over. However, the pipeline material still behaves linear elastically.
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Hooking (see Section 5)

The pipeline has no free span, therefore only part penetration of a board has to be considered.

Trawl equipment, additional data for hooking calculations:

) IS Y: 16 15 £:Te] 1 ) (RPN :

Lifting height (see section 5.5):
Maximum lifting height (see Equation 5.4):

H;=07B-03-0D=0.7-1.75-0.3-0.436 =1.09m

Result from static finite element analyses, lifting height H, = 1.09 m:

Lifting fO1Ce ..ovviiiiieiiieeie ettt :
Effective axial force (functional) .........cccceevveeniienieeiieiieeeieens :
Maximum bending MOMEeNt..........ceeereereererrierieneeneee e :
IMAXIIMUIN STEESS ...nveeeetieieeiieeiteetcenteeteeeteeetesteesbeeaeseeeseeeneeeeeenes :

Acceptance criteria (see section 6.5):

Load effect faCtOr .......ccvviieeeeiiiieiie e :
Condition load effect factor, yC.......ococvvieiiiiiiiee e :
Load CONAItION .....ovviiiiiiiiieieie e :
Corrosion allowance subtracted from nominal wall thickness.... :
Utilisation, local buckling (ref. OS-F101) ......cccccvevvirvverierrenns :

Impact testing of coated pipe (see Section 7)

Test equipment, additional data for impact testing:

Test rig efficiency (assumed)........coceeveerieeiierienienieneereee e :
Test input (see section 7.3)

Impact energy, (i.e. Impact energy / Test rig efficiency)............ :

Hammer Weight........coooviiiiiieiieiieieeeeseeie et :

Hammer VElOCILY ......cvvevvieiieieeiieiieieete ettt ens :

Hammer height ...........cccooviiiiiiieieeee e :

Acceptance criteria (see section 6.2 or 6.3)

Minimum number of IMPACES........ccceevvieriieierieriereree e :
Dent depth (steel), as % of outer steel pipe diameter:................. :

No exposure of the inner reinforcement layer.
No large concrete area spalling off (maximum 200 % 200 mm).

1.0

73 kN
784 kN
340 kNm
290 MPa

1.0
1.0
Load controlled
No

0.53 (OK)

0.7

53 kJ
4000 kg
1.69 m/s
0.135 m
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