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BACKGROUND
Interference between subsea pipelines

and trawling equipment is a relatively com-
mon occurrence. While pipelines and protec-
tion measures are designed for impact, dam-
age may occur that compromises the long-
term integrity of the pipe. For more than
30 years a significant amount of reasearch
has been collected in an effort to understand
the failure mechanism of pipelines associ-
ated with defects such as dents and gouges
among others.

With regard to outside damage, current
integrity assessment is based on the per-
manent dent depth as a percentage of the
pipeline diameter. Scratches are not permit-
ted, which is justified by the large fatigue life
scatter in pipelines with both smooth dents
and gouges. Consequently, a pipeline with a
scratch must be repaired and this is a great
cost for the operator.
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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.

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.

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. 
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SCOPE
This project will study the influence of

dents and gouges on pipeline fatigue lives.
The aim is to improve our understanding of
the problem through numerical and exper-
imental methods. Small-scale experiments
will be conducted by applying cyclic internal
pressure to damaged pipes, and finite ele-
ment models will be applied to calibrate pre-
dictive models. Since the problem is quite in-
volved, the scope of the project will have to
be limited to what can be feasibly achieved
within the time period:

1. Measurement of dent and gouge geom-
etry by 3D acquisition methods

2. Instrumentation by strain gauges and
verification of FEA.

Gouge is defined as a surface damage to a
pipeline that has displaced or removed ma-
terial from the pipe wall, resulting in a metal
loss defect.
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METHOD
The fatigue life of a material is strongly affected by holes, corners, notches etc. These are

more commonly called stress concentrations. A stress concentration factor (SCF) allows the
fatigue analysis to be executed by using nominal stress, and are defined by maximum hoop
stress (�

max

) and nominal stress (�
nom

) as in the equation below

SCF =
�
max

�
nom

(1)

In order to investigate different dent geometries and how the SCF varies when a gouge is
introduced both numerical analysis and experiments are performed. The pipe segment in-
vestigated has a diameter of 102 millimetres and a thickness of 2 millimetres. Three different
indenters are evaluated to predict the dent shape, illustrated below.

Indenter 1, 2 and 3 (from the left)

A numerical model is created to estimate SCF for the dent without the gouge, and experimen-
tal work is done to estimate SCF with a gouge. The purpose is to assess how the SCF is affected
when a gouge is introduced.

RESULTS

The experiment are being conducted at
this moment, hence there is no result for SCF
from dent with gouge is available. Therefore
the work cannot reach a conclusion at this
time. The expected results are that the SCF

is significantly higher when the gouge is in-
troduced. Early numerical analysis shows a
small difference in SCF for the different dent
geometries introduced by the three indenters
applied for a plain dent.

FUTURE WORK
The research on the result of mechanical

damage resulting in a combination of plain
dent and gouge is sparse. Further work to
investigate the effect can include:

• Measurements of residual stresses in
damaged areas, before and after appli-
cation of internal pressure.

• Fatigue life prediction based on geo-
metrical parameters and/or finite ele-
ment analysis stress solutions.

• Further investigation on the effect of
the geometrical parameters of dent and
gouges
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3D ACQUISITION TOOL
To ensure the geometry was con-

sistent from the experimental work
to the finite element analysis 3D
acquisition tool was utilised. An
scanned pipeline is illustrated below.

The plot below showing the correlation
between the results from the numerical
analysis and 3D scan of the deformed pipe
before internal pressure was applied showed
good results. The YZ and XZ-plane is show
respectively below.


