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Engineered composite repairs are used to repair defective and corroded
pipework on major hazard plant both on and offshore. This includes
chemical plant, oil refineries and offshore installations. Pipework includes:
that carrying flammable or toxic process fluids; and that within safety
critical systems, for instance carrying firefighting deluge water. The use of
these repairs is increasing, for example by dutyholders seeking to extend
the life of major hazards plant. To ensure that safety levels are maintained
on major hazard plant, it is important to understand the properties of
composite pipe repairs and any evidence gaps.
One concern is that in the event of a fire incident, the materials used to
make composite repairs, such as glass fibre or carbon fibre reinforced
polymer systems, might begin to leak more quickly than metallic pipework. If
this were the case, it could potentially increase the severity of a fire incident.
This report describes a preliminary programme of experimental tests to
explore the effect of liquid pool fires and burning jets of gas on engineered
composite repairs. No previous experimental evidence was available. The
research identified evidence gaps about the behaviour of composite wraps
in fire scenarios. This is important information for industry as part of
ensuring that existing levels of safety are maintained. This work helped
inform the development of the publicly available Management of engineered
composite repairs: end user good practice guidance published by the
Energy Institute (2021).
This report will be of interest to those responsible for the ongoing integrity
and safety of major hazard plant.

This report and the work it describes were funded by the Health and Safety
Executive. Its contents, including any opinions and/or conclusions expressed, are
those of the authors alone and do not necessarily reflect HSE policy.
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Key Messages
Engineered composite repairs are increasingly used to repair defective and corroded
pipework on major hazard plant both on and offshore. These include chemical
plants, oil refineries and offshore installations. They have proved particularly useful
for those seeking to extend the life of plant.
They are being used on pipes conveying flammable process fluids and also on
safety critical systems; for example, pipework carrying deluge water.
There has been no study of how such systems respond to fire attack.
This report details the results of a preliminary programme of experimental tests
carried out to explore the effects of both kerosene pool fires and propane-fuelled
small-scale jet fires on engineered composite repair systems.
Both pool and jet fires have the potential to induce failure of repairs and loss of
containment. Two of the four repairs exposed to a 30 minute pool fire were leaking at
the end of the test and one of the two repairs exposed to a small-scale jet fire
completely disbonded from the pipe and would have leaked had the pipe contained
fluid.
This research has identified evidence gaps with respect to composite repair systems
in some fire scenarios.
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Executive Summary
Background
Engineered composite repairs are increasingly used to repair defective and corroded
pipework on both on- and off-shore major hazard plant such as chemical plants, oil
refineries and offshore installations. They are used on all types of pipes including
those containing process fluids such as hydrocarbons or safety-critical service fluids
such as deluge water. There has, however, to our knowledge been no systematic
study of the behaviour of such systems when exposed to fire. This work is an initial
attempt to provide such information and is likely to be of interest to those responsible
for the ongoing integrity and safety of major hazard plant.
Aim
To identify any safety issues with the use of repairs on process plant, particularly
where the occurrence of fires involving process fluids cannot be discounted.
Method
A preliminary programme of fire testing has been carried out on a range of
composite repairs. The repairs used two reinforcing fibres (glass or carbon), two
different epoxy resins (a resin with a relatively low degradation temperature and a
high temperature variant) and between 4 and 15 layers of fibre wrapping, in an
attempt to identify variations in performance of the different repairs.
The composite repairs were used to ‘repair’ three types of particularly severe defects
engineered into ANSI Schedule 80, 220 mm, 12 mm wall carbon steel pipes. The
defects comprised:




A circular 25 mm hole,
a 25 mm, 90° circumferential slot, or
a pipe section with a purposely thinned wall area 200 mm square.

The repairs were applied to the pipes by a commercial pipe repair company using
standard procedures.
Given the preliminary nature of the research, the tests were only sparsely
instrumented and the main conclusions were derived from observations made during
the tests and from post-test sectioning of the repairs and pipes.
The repairs were exposed to one of two fire test insults:



Kerosene-fuelled pool fires of nominally 30 minutes duration.
A small-scale propane-fuelled jet fire using a scaled-down model of the ISO
22899-1 jet fire facility.
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Findings
Given that this was a preliminary study, the test programme was of insufficient scope
to comprehensively identify the different behaviour of the repair systems and their
capability to seal the different pipe defects used. However, some general
conclusions can be drawn on the behaviour of repairs when exposed to typical
process fires:







During fire exposure all repairs suffered degradation through loss of resin.
This occurred through vaporisation and burning of the resin both during the
fire and, in one case, after removal of the flame.
The repairs showed evidence of damage preferentially over the area of the
defect. The extent of the damage was dependent on the duration of any
exposure.
The jet fire tests showed the potential to cause failure of the repair via
disbonding from the repaired substrate raising the potential of a substantial
leak of any contained fluid.
Pool fires have been shown to cause failure of the repair through delamination
between wrap layers with resulting leakage of the contained fluid. Though
these leaks were minor and would not have added significantly to any fire, the
effects of increased duration exposures are not known. The carbon fibre
repair was the earliest to fail and gave the greatest leak rate.
The failures were observed in repairs with low temperature resins. Increasing
the number of layers from 8 to 15 did not seem to mitigate against failure.

The tests have therefore demonstrated the potential for fires which may occur on
process plant to cause failures in repairs when these are used on through-wall
defects.
This work was a preliminary study involving some very simple, sparselyinstrumented tests. However, a number of concerns and evidence gaps have been
identified that could, in part, be addressed by:





Investigating the potential for mitigating the effects of such fires by use of
passive fire protection.
Investigating the potential for fire damage to repairs applied to non-through
wall defect repairs to prevent loss of containment.
Investigating the potential improvements in the behaviour of pipe repair
systems under fire attack through the use of different fibre and resin systems.
A programme of fully-instrumented tests to provide data for the development
and validation of models for predicting pipe repair behaviour when exposed
to fire.
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1 Introduction
Pipe repairs manufactured from fibre reinforced polymer (composite) materials are
becoming increasingly prevalent on both on- and off-shore chemical installations to
repair imperfections, weaknesses and areas of corrosion on pipework, due to their
ease of application on site and the short system downtime during repair.
A composite repair first involves preparation of the defective area. In its most
common form, fabric that has been suitably wetted out with resin is then wound
around the pipe, covering the area to be repaired which cures and sets to a hard
solid layer. The most prevalent type of repair combines a glass fibre impregnated
with either a standard epoxy resin, with a relatively low temperature for thermal
degradation, or a specific epoxy resin with a significantly higher degradation
temperature. These are, respectively, termed “low temperature” and “high
temperature” in this report. In operation, the choice of resin is dependent on the
expected duty. Composite repairs using carbon fibre fabrics are also used.
Such repairs have been found in use on pipes carrying a variety of fluids including
process liquids and gases – for example hydrocarbons. They are also encountered
on safety critical systems – for example in repairs to pipes that transport fire water
for deluge systems.
Thus, the behaviour of composite wraps in a fire is an important consideration,
particularly where there is potential for incident escalation and it is critical to maintain
containment of a hazardous flammable fluid or to retain functionality of a fire
protection system. However, the topic appears to have received little attention and
no systematic study of the response of composite repairs to different fire scenarios
has been identified.
It is known that some composites have shown poor performance in fire where they
have been tested in other applications. While there has been some concern that
composite repairs may fail rapidly if exposed to fire, no evidence has been available
to tell how valid these concerns may be.
This work is an attempt to address this situation. A preliminary experimental study
has been made of the behaviour of a variety of repair types when exposed to pool
and jet fires – typical process fire scenarios. This involved carbon steel pipes with
specially-engineered defects and repairs used both on- and off-shore. Sparse and
simple measurements were made and some general conclusions on performance
obtained.
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2 Objectives
This piece of work is a preliminary study. It was intended to determine if composite
repairs should be an area of genuine concern to HSE’s Energy Division (Offshore)
and the industry by exposing some frequently used repair systems (both fibre and
resin) to common process plant fire situations and examining the potential for
escalation of incidents initiated by small process fires. In particular, it addressed this
situation with a view to:




Identifying the response of composite repairs used in a range of different
repair situations to attack from small pool and jet fires.
Developing a testing regime for composite repairs and making
recommendations for an appropriate test methodology.
Providing information for HSE Inspectors who encounter composite repairs
during their inspections.

The report is set out in two parts each describing the separate test programmes
carried out with the two types of fire insult considered: small kerosene pool fires and
small-scale erosive jet fires. Full details of these separate test programmes are given
in the Appendices.
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3 Experimental
3.1 Test Samples
The tests were carried out on ANSI Schedule 80, 220 mm OD carbon steel pipe
sections, 3000 mm long and with a 12 mm wall thickness.
Three types of defect were first engineered into some of these samples:




A through-wall circular hole of 25 mm diameter.
A through-wall rectangular slot 25 mm wide and 25% of the pipe
circumference.
Wall thinning to 2.4 mm over an area 200 x 200 mm.

The defective pipes were then prepared by grit blasting to a preparation grade of Sa
2.5 and then supplied to a commercial pipe repair company. They carried out repairs
following their standard procedures and in accordance with BS EN ISO 24817. They
first plugged any holes using filler. The defects were then covered with a number of
different pipe repair systems, the variables being: the reinforcing fibre – glass or
carbon; low temperature or high temperature epoxy resin; and number of layers
applied.

Figure 1: One of the repaired pipes, sample W2, over the pool fire tray before
testing. The thermocouples fitted externally can be seen.
Table 1 summarises the samples produced detailing the defect, resin (low
temperature - LT - or high temperature - HT) and number of layers. In all, seven
samples were prepared.
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Table 1: Details of prepared test samples
Sample ID

Fibre

No of layers

Resin type

Defect

W1

Glass

8

LT

Circular hole

W2

Glass

8

LT

Circular hole

W3

Glass

8

HT

Circular hole

W4

Glass

15

LT

Circular hole

W5

Carbon

5

LT

Circular hole

W6

Glass

8

LT

Slot

W7

Glass

4

LT

Wall-thinning

Thus, the majority of samples were prepared with 25 mm diameter holes to allow a
comparison of the behaviours of the different repairs with otherwise identical 8 and
15 layer wraps, identical repairs with different resin types and repairs with alternative
fibre systems. The other samples then allow a comparison of behaviours with the
different defects.
Two identical samples of the most commonly used repair type (8 layers of glass fibre
with a low temperature resin) were prepared to allow an assessment of repeatability.
Following early results, no testing of the 4 layer repair over wall thinning (W7) was
carried out.

3.1 Test Arrangements
3.1.1 Pool fires
The pool fire testing is described in more detail in Appendix 1.
Four samples (W1, W2, W5 and W6) were subjected to a pool fire.
The pools were set in 900 x 1100 mm fire trays. The fuel used – kerosene – was
floated on water and was gravity-fed to the tray at a rate sufficient to maintain
flaming over the entire surface of the pool. These fires provided total engulfment of
the central part of the composite repair.
The pipes were positioned horizontally in a stand along the short centreline of the
pool and approximately 0.5 m above the surface. The pipe defect was positioned
pointing down towards the pool surface. The pipe was filled with water and
connected to a system allowing the pre-test pressure to be raised up to 10 bar using

12

bottled nitrogen to pressurise the water reservoir. The intended test exposure was up
to 30 minutes.
The tests were relatively simply instrumented. Up to five K-type 1.5 mm stainless
steel-sheathed thermocouples were used to monitor temperature. These were
inserted into 3 mm deep holes drilled in the surface of the pipe with:




Three attached to the outer pipe surface close to the repair,
One inserted in the pipe to measure the water temperature, and
One positioned below the pipe so that it was engulfed in flame.

There was no attempt to position thermocouples within the repair due to the
possibility that this would affect its integrity. A pressure transducer was used to
measure system pressure. All these were monitored at a rate of 1 Hz during the test.
In addition, the tests were viewed with two video cameras.
Figure 2 shows a sample in place ready for testing.

Figure 2: A photograph of the pool fire test set-up
After the tests the samples were retained and later sectioned through the repair and
defect and photographed to reveal the damage profile.
Two commissioning tests were first carried out using identical pipes wrapped in
ceramic fibre blankets commonly used as passive fire protection mainly to check
measurement systems and the pool fuelling methodology. Up to five thermocouples
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were positioned on the inner pipe wall, on the outer pipe wall beneath the ceramic
blanket and on the outer pipe wall adjacent to the ceramic blanket. These tests were
carried out with the pipe full either with air or water at ambient pressure.
These tests showed that it was very difficult to attach thermocouples to the pipe
surfaces. There was a great difference between temperatures measured in- and outside the pipe away from the ceramic blanket but, where the thermocouples were
positioned under the ceramic blanket, the inner and outer temperatures were similar.
As expected the water moderated the temperatures measured inside the water-filled
pipe with the wall assuming the temperature of the water.
The first test was performed on sample W2. About 30 s into the test, the pressure
began to fall and this continued throughout the test. As a result, this test was
terminated after 15 minutes. A post-test inspection revealed that the pressure loss
was due to premature operation of the pressure relief valve and subsequent repressurisation of the pipe showed that the wrap itself was still intact and not leaking.
The remaining tests were all of 30 minutes duration and thermal expansion of the
water during the test raised the internal pressure to 14 bar or above.
The second test was a repeat of the first using sample W1 – a 25 mm hole covered
with an eight layer glass fibre, low temperature resin wrap. Test 3 used the sample
comprising the five layer, carbon fibre wrap (W5) to allow comparison of glass and
carbon fibre repair systems while the final test was on sample W6 - the eight layer
glass fibre low temperature repair over a slot defect to assess the potential of repairs
over more severe defects.
3.1.2 Jet fires
The jet fire testing is described in more detail in Appendix 2.
The jet fire tests were carried out using HSE’s small scale jet fire facility. This is a
small-scale erosive burn test which creates very similar conditions to those
experienced by the jet fire resistance test described in ISO 22899-1. It can be used
for screening and development of passive fire protection systems. It provides heat
flux and erosive force conditions similar to the large scale test jet with a propane flow
of ~0.3 kgs-1.
The small-scale test facility is unable to accommodate a full 3 m length of pipe, so
the ends of the pipe were cut away leaving a 560 mm length for testing, comprising
the central section with the repaired defect. As this removed the flanged ends, it was
not possible to water fill or pressurise the pipes during the jet fire tests.
The shortened pipes were positioned horizontally at mid-height across the front of
the jet fire box and arranged so the pipe defects pointed directly into the jet. They
were open to atmosphere at each end. Again, these were sparsely instrumented with
a limited number of thermocouples and monitored with two video cameras.
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A commissioning test was carried out with a bare pipe instrumented internally with
four thermocouples attached to the inside of the wall around the jet flame
impingement point. The pipe was positioned at a distance of approximately 1 m from
the jet orifice and exposed for a period of 9 minutes.
The first test sample was that labelled W4 in Table 1. The central 340 mm of this
pipe was covered with a 15 layer glass fibre repair (employing low temperature resin)
over a 25 mm diameter hole. The test duration was 20 minutes, and the repair was
exposed to both the jet flame and erosive forces.
The final jet fire test was again of 20 minutes duration and carried out on test sample
W3 – an eight layer glass fibre repair (employing high temperature resin) over a 25
mm diameter hole. Again, a small number of thermocouples - four - were attached to
the inside of the pipe and the test was filmed.
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4 Results
4.1 Pool Fires
Figure 3 shows one of the samples, W2, post-test.

Figure 3: Sample W2 after testing.
Table 2 details the main results of the pool fire test suite.
Damage in the tests can be characterised in a number of ways:





Some of the outer wrap layers were destroyed during the fire. Sectioning the
pipe after testing allowed the number of remaining layers to be counted.
The bond between the wrap and the pipe could be broken down completely
(disbonding) or individual layers in the wrap could separate (delamination).
The wrap could continue to burn after the fire (burn-on).
The wrap could leak.
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Table 2: Summary of results for pool fire tests.
Test

Label

Wrap
details

Defect

Remaining
layers of
wrap over
pipe

Remaining
layers of
wrap over
defect

Disbond
from pipe

Delamination
between
layers

Burnon

Leak

1

W2

8-layer,
glass LT

25 mm
diameter hole

3-4

2

No

No

No

No

2

W1

8-layer,
glass LT

25 mm
diameter hole

2-3

0

No

No

No

No

3

W5

5-layer
carbon LT

25 mm
diameter hole

3

2

No

Some unravelling

No

Yes,
stream

4

W6

8-layer,
glass LT

25 mm wide,
90° slot

3

2-3

No

Some unravelling

No

Yes, drip
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Figure 4 shows a section of the sample, W2, cut from the pipe. The plug used to seal
the defect prior to application of the wrap can be clearly seen as can the damaged
layers of the wrap. There appear to be more wrap layers damaged over the defect
than to each side.

Figure 4: Sample W2 sectioned post-test showing the damaged delaminated
layers.
The temperatures measured by the thermocouples showed significant variation but,
in general, the flame temperatures measured were in the range 600°C-800°C while
those on the outside surface of the pipe were in the range 200°C – 400°C.
In all tests the repair remained bonded to the pipe. Sections from two of the tests,
the carbon repair and the 8 layer LT repair covering the larger, slot defect, showed
some delamination between wrap layers. The result was that these two repairs were
seen to be leaking post-test. These leaks were not catastrophic and, if they had
involved a flammable liquid, would not have contributed significantly to the severity of
the fire. However, these two tests demonstrate the potential for loss of containment.
This is further reinforced by the observation that resin was lost from the repairs in all
of the tests.
In general, contact with the steel pipe also seems to have a positive effect. Excepting
the first test, which was of short duration, there were fewer damaged layers where
the wrap overlaid the steel pipe, and more damage where the defect repair was the
substrate. This was particularly clear in Test 2, during which all wrap layers were
damaged over the defect. This is possibly due to the increased ability of the steel to
conduct heat away from the wrap, thus keeping the composite at a lower
temperature.
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4.2 Jet Fire Tests
One commissioning test and two fire tests were carried out with the jet fire rig. The
commissioning test involved exposure of a bare pipe to the flame to refine
procedures. During this test, which lasted 9 minutes, the four thermocouples
attached to the inner wall of the pipe around the jet impingement point rose to
maximum temperatures of 600°C – 800°C.
Two tests on composite repairs were carried out, each of 20 minutes duration. As the
jet fire provides a more severe challenge, these tests used the repairs that were
expected to show the best level of performance. The first test used sample W4, the
thicker 15 layer low temperature repair, and the second used sample W3, the 8 layer
glass fibre wrap but using a high temperature resin. The results of these two tests
are summarised in Table 3.

Table 3: A summary of observations from the jet fire tests.
Label

Wrap
details

Defect

Resin
loss

Disbond
from
pipe

Delamination
between

Burn
- on

Wrap layers

Maximum
Temp.
°C

W4

15layer,
glass
LT

25 mm Yes
φ hole

Yes

No

No

450-500

W3

8-layer
glass
HT

25 mm Yes
φ hole

No

No

Yes

450-520

Figure 5 shows Sample W3 – the 8-layer repair shortly after the test, showing the
burn-on observed once the jet fire was removed.
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Figure 5: Sample W3 showing the burn-on a few minutes after the test.
In both jet fire tests temperatures on the inside of the pipe were observed to reach ca
500°C. Such temperatures exceed the boiling point of the resins used so it is
unsurprising that resin was lost from both repairs. Burn-on also occurred at the end
of the second test. Thus, the tests demonstrated the potential for combustion of the
resins though it is surprising that it was the high temperature resin wrap which
showed this. It was also observed that in Test 1 – the 15-layer repair case, the repair
disbonded from the pipe permitting axial movement. This is shown in Figure 6. Thus,
containment was lost from this pipe and, if the pipe had contained fluid, this is likely
to have leaked, though it is interesting to note it was the thickest wrap used which
exhibited this behaviour.
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Figure 6: Repair disbonded and moved from its original position on the
surface of the pipe.
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5 Conclusions
A preliminary programme of fire testing has been carried out on a range of
composite pipe repairs. This was intended to identify any safety issues with the use
of repairs on process plant, particularly where the occurrence of fires involving
process fluids cannot be discounted. The repairs used two reinforcing fibres – glass
and carbon, two different epoxy resins – low and high temperature and a varying
number of wrap layers – between 4 and 15, in an attempt to identify variations in
performance of the different repairs.
The composite repairs were used to ‘repair’ three types of particularly severe defects
engineered into ANSI Schedule 80, 220 mm, 12 mm wall carbon steel pipes. The
defects comprised a 25 mm hole, a 25 mm - 90° circumferential slot or an area of
wall thinning 200 mm square. The wraps were applied to the pipes by a commercial
pipe wrap company using standard procedures.
The tests were sparsely instrumented and the main conclusions were derived from
observations made during the tests and from post-test sectioning of the wraps and
pipes.
The repairs were exposed to one of two fire test insults:



Kerosene-fuelled pool fires of nominally 30 minutes duration.
A small-scale propane-fuelled jet fire using HSE’s scaled-down model of the
ISO 22899-1 jet fire facility.

Given the preliminary nature of the study, the test programme was of insufficient
scope to be definitive about the different behaviour of the different repair systems
and their capability to seal the different pipe defects used. However, some general
conclusions can be drawn on the behaviour of composite repairs when exposed to
typical process fires. Thus:







None of the tests showed a total or catastrophic failure of the wrap repair.
During fire exposure all repairs suffered degradation through loss of resin.
This occurred through vaporisation and burning of the resin both during the
fire and, in one case, after removal of the flame.
Wrap layers showed evidence of damage preferentially over the area of the
defect. The extent of the damage was dependent on the duration of any
exposure.
Jet fires have been shown to cause failure of the repair via disbonding from
the repaired substrate raising the potential for a substantial leak of any
contained fluid. These tests were not liquid filled, so it remains unclear how
much of the difference in performance resulted from the more intense fire and
how much from reduced cooling of the pipe at the inner surface.
Pool fires have been shown to cause failure of the repairs through
delamination between wrap layers with resulting leakage of contained fluid.
Though these leaks were minor and would not have added significantly to
any fire, the effects of increased duration exposures are not known. The

22



carbon fibre repair failed after the shortest duration and gave the greatest
leak rate.
The failures were observed in repairs using low temperature resins.
Increasing the number of wrap layers from 8 to 15 or did not seem to mitigate
against failure.

The tests have therefore demonstrated the potential for fires which may occur on
process plant to cause failures in pipe wrap repairs when these are used on throughwall failures.
This work was a preliminary study involving some very simple, sparselyinstrumented tests. However, they have raised some potential areas of optimism and
some of concern. To address some of these concerns, further work could be carried
out, for example to investigate:




The potential for mitigating the effects of such fires by use of passive fire
protection.
The potential for repair wraps of non-through wall defects to prevent loss of
containment.
The potential improvements in the behaviour of pipe wrap systems under fire
attack through the use of different fibre and resin systems.
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Appendix 1: Pool fire tests
This Appendix is based on HSE report MH/16/107, “Experimental Testing of
Composite Repairs by Exposing to Hydrocarbon Pool Fire”.
Numbering (of sections, figures etc.) is retained from that report and therefore does
not follow that in the current report.
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1

Introduction

Pipe repairs manufactured from fibre reinforced polymer (composite) materials are
becoming increasingly prevalent on both on- and off-shore chemical installations to
repair imperfections, weaknesses and areas of corrosion on pipework, due to their
ease of application on site and the short system downtime during repair.
The most common type consists of glass fibre impregnated with an epoxy resin.
Carbon fibre repairs are also available. They are employed on pipes carrying a
variety of fluids including flammable liquids and gases. They are also encountered
on safety critical systems such as water deluge systems.
As these composite repairs include combustible material, HSE has concerns that the
repairs may not perform well in the event of a fire and cause additional hazards and
escalation of potential incidents.
The work described in this report forms part of a project to assess the performance
of such repairs when exposed to fire conditions.
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2

Methods

2.1 Experimental Test Samples
The test samples were 3 metre flanged lengths of 8 inch ANSI Schedule 80 pipe.
The pipes had engineered defects in the centre section that were then repaired with
composite wrap repairs installed by contractors experienced in such repairs. Table 1
shows the sample identifiers with their engineered defect and repair details.
Table 1: Test sample identifiers
Wrap
Defect
Identifier

Wrap
Reinforcement

Wrap Resin
Type

Layers of
Wrap

W1

25 mm diameter
hole

Glass

Low
temperature

8

W2

25 mm diameter
hole

Glass

Low
temperature

8

W3

25 mm diameter
hole

Glass

High
temperature

8

W4

25 mm diameter
hole

Glass

Low
temperature

15

W5

25 mm diameter
hole

Carbon

Low
temperature

5

W6

25 mm wide 25%
circumference slot

Glass

Low
temperature

8

W7

200 mm x 200 mm
80% wall thinning

Glass

Low
temperature

4

Only samples W1, W2, W5 and W6 were used for this study whilst samples W3 and
W4 were used for small-scale erosive burns testing. W7 was not tested.

2.2 Experimental Test Set-up
In each test, the sample was blanked and suspended with the repair over a 1100
mm x 900 mm fire tray. The sample pipe was filled with water and connected to a
system with pressure monitoring, pressure relief and an expansion vessel. This
allowed a controlled, measured pressure to be applied to the defect while keeping
the test pipe filled with water throughout the test. A nominal pressure of 10 bar was
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applied using compressed air in the expansion vessel before the system was sealed
for the test (see Figure 1 and Figure 2).
Four K-type thermocouples were inserted into 3 mm deep holes in the surface of the
steel pipes close to the repair. In some tests a thermocouple was inserted inside the
pipe to record the water temperature. A further thermocouple was suspended just
underneath the repaired section of pipe so that it was engulfed in the same flame as
the repair. The temperature and pressure data were recorded at a rate of 1 Hz.
The fuel for the pool fire tests, kerosene, was floated on water in the fire tray. The
fuel was gravity fed to the tray at a rate that was slightly higher than the burning rate
of the fuel.

TC 1

TC2

Inner
TC
3m

TC 3

Flame TC

TC 4

Figure 1: Simplified diagram of test set-up.
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Figure 2: Typical test set-up.
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3

Experimental Testing and Results

3.1 Preliminary Commissioning Tests
Two commissioning tests were undertaken. These served to establish the effect of a
pool fire on the steel pipes to be used in testing and to ensure that the fuel feeding
mechanism performed as expected.
An unmodified pipe section with identical specification to the test samples was used.
The centre of the pipe was wrapped with a fire resistant insulating ceramic blanket,
commonly used in passive fire protection systems. The extent of this ceramic blanket
was similar to the extent of the composite repairs on the test samples.
Thermocouples were fitted inside the pipe against the inner wall, under the ceramic
blanket and on the exposed outer steel wall. One test was carried out with the pipe
filled with air at ambient pressure and a second with the pipe filled with water at
ambient pressure.
The tests showed that outer surface temperatures of the exposed steel impinged by
flame were higher than the inner wall of the pipe, but that under the blanket, where
the surface was not in contact with flame, the outer temperature was similar to that of
the inner wall. Furthermore, due to the heat capacity of water, the inner steel
temperatures are much lower and follow closely the temperature of the water inside
the pipe. It proved difficult to ensure that the thermocouples were in thermal contact
with the pipe, leading to the decision to embed thermocouples in the outer surface of
the pipe for the main tests.
These preliminary tests used an expansion vessel with a smaller volume than the
pipe; due to thermal expansion of the water being high relative to the system volume,
the resulting pressure increase was high. Therefore, it was decided to use an
expansion vessel of equal volume to the test pipe for subsequent tests.

3.2 Test 1 – Sample W2
Sample W2 (Figure 3) was an 8 layer, glass reinforced low temperature epoxy repair
over a 25 mm diameter hole; the hole was positioned on the bottom of the pipe to
face the flame.
Within 30 seconds of the start of the test, a slow loss of pressure was noted, and this
continued in a steady manner throughout the test, see Figure 4. Due to this issue the
test was terminated after 15 minutes. After the test the loss of pressure was
discovered to be due to a passing pressure relief valve. After the test, this relief valve
was replaced and the system was re-pressurised. No pressure leak was noted, nor
was there any noticeable leak of water from the composite repair.
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Post-test, the wrap exhibited a loss of resin from the surface but the wrap was still
bonded to the pipe, see Figure 5. The highest transient temperature of the steel
recorded during the test was below 240°C, see Figure 6.
The pipe was sectioned at the defect location, mounted in resin and polished. This
showed that, under the fire-affected outer layers, there were still three to four layers
of unaffected material where it was in contact with the steel, (Figure 7), but only two
layers remaining over the engineered defect (Figure 8). The repair installers had
used a filling compound on the engineered defect as part of the repair process; this
was still evident in the section.

Figure 3: Sample W2 pre-test.
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Figure 4: Test 1 pressure measurements.

Figure 5: Sample W2 post-test.
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Figure 6: Test temperatures.

Figure 7: Sample W2 roughly sectioned before mounting.
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Figure 8: Sample W2 mounted in resin, sectioned and polished.

3.3 Test 2 – Sample W1
Sample W1 (Figure 9) was an 8 layer glass fibre reinforced low temperature epoxy
repair over a 25 mm diameter hole. As with sample W2, the hole was positioned on
the bottom of the pipe to face the flame. This duplicated the situation in Test 1. The
test was run for 30 minutes and in this time the pressure within the pipe increased to
over 14 bar but remained below the set pressure of the pressure relief valve, see
Figure 10.
During the test, the temperature indicated by thermocouple TC2 on the top surface
of the pipe was noted to be higher than the rest of the thermocouples, see Figure 11.
After the test it was observed that thermocouple TC2 had become detached from its
sink hole in the pipe.
Post-test, the repair exhibited a loss of resin from the surface (Figure 12). The wrap
appeared to have started to unravel (Figure 13) but was still firmly bonded at the
pipe surface. There was no evidence of water leaking through the repair and once
cooled, testing showed that the pipe was able to maintain an applied pressure of
10 bar.
The pipe was sectioned, mounted in resin and polished (Figure 14), showing that,
where the repair was in contact with steel, there were 2-3 layers of undamaged
material present. However, directly over the engineered pipe defect, all the layers
showed some degree of fire damage.
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Figure 9: Sample W1 - pre-test.

Figure 10: Sample W1 test pressure.
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Figure 11: Test 2 temperatures.

Figure 12: Sample W1 - post-test.
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Figure 13: Close up of underside of sample W1 post-test.

Figure 14: Sample W1 mounted, sectioned and polished.
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3.4 Test 3 – Sample W5
Sample W5 (Figure 15) was a five layer carbon reinforced low temperature epoxy
repair over a 25 mm diameter hole; the hole was positioned on the bottom of the
pipe to face the flame. The target time for the test was 30 minutes. For this test a
thermocouple was positioned centrally inside the pipe approximately 200 mm inside
from the flange at one end.
During the test, the pressure gradually increased to over 14 bar (Figure 16) before
plateauing and then, at 24 minutes, the pressure started to drop; at this point the fuel
was cut to the pool fire but it continued to burn until all the fuel in the tray at that point
was consumed.
The internal thermocouple showed that although the temperature rise inside the pipe
was slower than the exterior, the observed temperature reached equilibrium with the
temperatures recorded on the underside of the pipe (Figure 17). An initial decline in
temperature was recorded by the thermocouple at the start of the test. This was
attributed to the test being run on a cold winter day leading to ice formation in the
sample.
Post-test the sample exhibited resin loss from the surface and there was some
unravelling (Figure 17). There was a small but visible stream of water coming from
the wrap (Figure 18).
The sample was sectioned, mounted and polished (Figure 19), showing that there
were still 2 layers of material present over the engineered defect.

Figure 15: Sample W5 pre-test.
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Figure 16: Sample W5 test pressure.

Figure 17: Sample W5 test temperatures.

38

Figure 18: Sample W5 post-test.

Figure 19: Water leaking from Sample W5 post-test.
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Figure 20: Sample W5 mounted, sectioned and polished.

3.5 Test 4 – Sample W6
Sample W6 (Figure 20) was an eight layer glass reinforced low temperature epoxy
repair over a 25 mm wide quarter circumference slot. The sample was positioned
with the defect at the bottom of the pipe facing the fire tray and the test was carried
out for 30 minutes.
The sample received good engulfment of flame but the recorded steel temperatures
and the inside temperature were lower than the previous tests (Figure 21).
Thermocouples TC2 and TC4 recorded higher, more fluctuating temperatures
consistent with being in the flame. Post-test it was noted that TC2 was not fully
inserted into its hole and TC4 had come away from its hole.
The pressure rise during the test was very small compared to the previous tests;
there was a slight drop at the start of the test and the total observed pressure rise
was less than 300 mbar. At 28 minutes the pressure stopped rising and started to
drop (Figure 22).
Post-test, the appearance of the repair was consistent with previous tests carried out
on similar repairs. There was resin loss to the surface and some unravelling and
there was a steady drip of water leaking from the repair (Figure 23).
The sample was sectioned, mounted and polished (Figure 24), showing that there
were still 2-3 layers of material remaining over the defect.
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Figure 21: Sample W6 pre-test.

Figure 22: Sample W6 test temperatures.
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Figure 23: Sample W6 test pressure.

Figure 24: Sample W6 post-test with dripping water.
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Figure 25: Sample W6 mounted, sectioned and polished.
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4

Discussion

None of the samples tested failed catastrophically to release all of their contents.
Although samples W5 and W6 did leak, the leaks were small. Sample W5, the
carbon fibre repair, performed the worst, failing in the least time and leaking to a
larger extent than the other samples. Had the contents been hydrocarbon, none of
the leaks would have contributed significantly to the fire.
The mode of failure is not immediately clear. In the two wraps that failed, sectioning
showed that there were still layers of intact material remaining over the defect,
whereas W1, which did not leak, showed damage to all layers of the wrap at the
defect.
During installation of the repairs, filler was used to form a surface to support the wrap
over the defect whilst it cured. On sectioning, the two wraps that did not fail showed
filler passing fully through the defect into the pipe body. It is not possible to
determine if this had formed a watertight plug and had an effect of preventing water
leakage from the defect. As a result, it is not known for certain whether the repairs
would also have failed as a result of the effect of the fire if the repairs had been
consistent.
It should be noted that the pipework had not been subject to operational stresses,
flows and vibration after the repair was installed – it is unclear whether large throughwall plugs such as these would survive in this condition when in normal use.
All the samples had layers of the repair left post fire. Notably, there was damage to
more layers over the engineered defects where the repair was not in contact with
steel. It would be expected that this type of layered composite material would not
fare well in fire when it is the main substrate as, unlike steel, it is a combustible
material and is likely to thermally degrade2. These tests indicate that thermal
conduction characteristics and heat capacity of the steel appear to have a protective
effect on the wraps.
The commissioning tests showed, unsurprisingly, that the empty pipe achieved
higher temperatures than the pipe filled with water. The water in the pipes in these
tests may have had a protective effect, and had the water been flowing this would
likely have enhanced such protection as the flowing water would have provided an
active cooling mechanism. In some instances, composite repairs are carried out on
pipes carrying gas or on dry water deluge pipes, in these instances there would be
no protective effect from liquid contents in the pipe. The tests carried out do not
indicate how significant this effect might be.
As this was preliminary work and the tests were the first attempt to study this
scenario, it was decided to limit pressurisation of the pipes to only 10 bar (mainly due
to safety concerns in the event of sudden failure). The test system was a sealed
system and during the tests the pressure in the system generally increased by over
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40 % due to water expansion. Had the tests been at much higher pressures, the
resultant pressure rise may have been less than 40 % but could have put the system
above its rated working pressure.
The decision to orientate each pipe such that the defect was at the 6 o’clock position
reflects the fact that many corrosion defects, on which composite repair systems are
likely to be used, are found to occur in this position3. Data shows that the steel
temperature at the top of the pipes is higher than the underside where the defect
was positioned. This is due to the fact that radiation is a major source of heat
transfer. As the distance between the flame extended higher above the pipe than the
distance between the sample and the pool (Figure 25) there is greater radiation
feedback down to the sample from the flame above than from below.
The sample was placed relatively low down in the flame as this area is less prone to
the effect of local conditions and the aim was to have the sample fully engulfed in
flame for as much of the test as possible.
In larger hydrocarbon pool fires, greater than 2-3 m in diameter, there is often less
radiation feedback4, as there is more soot production only part of the flame is
luminous (the majority of the flame being obscured by soot). It is only this luminous
band that contributes to radiative feedback5. As a result, placing the sample at a
higher position over a larger pool fire may not increase the severity of the heat
transfer to the defect.
The lower temperatures observed in Test 4 mean that the effect of a larger defect
cannot be fully evaluated. As the repairs and any filler used are poor conductors of
heat, it would be expected that, for a given width of repair, the larger the defect the
larger the area of repair not benefitting from the protective effect of the steel and the
more likely it is that the repair will be damaged quickly by fire.
The temperatures in Test 4 and the variations in temperature in the other tests show
that it is difficult to obtain repeatable results using a hydrocarbon pool fire.
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Figure 26: Typical test flame size and shape.
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5

Conclusions

The composite repairs performed better than expected after the hydrocarbon pool
fire, given that they are constructed from combustible material that is likely to
thermally degrade. None failed catastrophically or in a manner that would have
significantly contributed to a fire had the pipe contents been flammable. The steel
substrate (pipe) appears to have a protective effect on the repair and, in addition, the
heat capacity of the pipe contents is likely to be an important factor.
It is not possible to determine if the filler plug used in the forming of the repair
prevented leaking of the contents but samples W1 and W2 (with the largest plugs)
did not leak. It is worth noting that no leak was observed on sample W1 even though
there was less undamaged repair material remaining on it than repairs that were
found to leak.
Sample W5, the carbon fibre repair, failed in the shortest time and was leaking to a
greater extent at the end of the test when compared to the (thicker) glass fibre
reinforced epoxy samples.
The method of testing with a relatively small hydrocarbon pool fire was found to
result in inconsistent temperatures between tests indicating that the samples
received inconsistent heat fluxes from the fires.

5.1 Recommendations
Further testing of composite repairs to establish their performance in a wider range
of situations would add to the knowledge generated in this test programme. Such
testing should build on this work, including:









A more consistent method of heat delivery should be used for further testing,
such as gas burners or furnace testing.
Given that a jet fire is a potentially more severe scenario, particularly on an
offshore installation, it is recommended that further testing using a jet fire
facility be carried out to BS ISO 22899-16.
It is recommended that the testing be conducted at the maximum working
pressure of the sample with an active pressure release mechanism to ensure
that the pressure does not exceed the maximum working pressure of the
sample.
It is recommended that care is afforded during installation of composite
repairs for testing that any filler used does not interfere with testing of the
sample.
A wrap on an offshore facility could be coated with a passive fire protection
(PFP) system, which would affect the way that heat is transferred to the repair
in the event of a fire. It is recommended that a comparison test be carried out
with a sample coated with a PFP system to the system rated protection level,
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i.e. carry out a 30 minute jet fire test using a J30 rated system and compare
the results to a non-coated sample.
The localised level of damage to the repair was significantly affected by the
substrate beneath it. It is recommended that comparisons are made between
the fire performance of repairs on thick walled pipe, such as the Schedule 80
pipe in the current tests, thinner walled pipe that may be used in lower
pressure systems and pipe thinned by corrosion.

The testing highlighted that the repair was more severely damaged in the immediate
area of the defect and showed less damage where there was steel beneath the
composite. It seems likely that the time to failure of the repair will be affected by the
size of the defective area. As a result, careful consideration should be given to the
size of defect that is deemed acceptable to repair with these systems, especially on
dry or gas pipe systems where the additional protective effect of contents with a high
heat capacity is also absent.
As the carbon fibre repair sample (which had fewer layers of material – but similar
overall thickness) appeared to have inferior fire performance than the glass fibre
samples and was leaking to a greater extent after the test, careful consideration
should be given to the repair type used for a given application.
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Appendix 2: Small-scale Jet Fire Testing
This Appendix is based on HSE report MH/16/132, “Small scale jet fire tests on
Composite Wrap Repairs”.
Numbering (of sections, figures etc.) is retained from that report and therefore does
not follow that in the current report.
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1

Introduction

Pipe repairs manufactured from fibre reinforced polymer (composite) materials are
becoming increasingly prevalent on both on and offshore chemical installations to
repair imperfections, weaknesses and areas of corrosion on pipework, due to their
ease of application on site and the short system downtime during repair.
A project was set up by HSE to establish how these repairs performed under
different fire conditions. Initially pool fires only were considered but it was decided to
subject two of the repairs to HSE Science Division’s small scale erosive burn test
facility. One of the repairs consisted of 8 layers of glass reinforced high temperature
(HT) epoxy resin. There was also a 15 layer repair which consisted of 15 layers of
glass reinforced low temperature (LT) epoxy resin. For the latter, one school of
thought considered that applying 15 layers may be beneficial, in that the outer layers
would char (with up to 7 sacrificial layers) while maintaining the integrity of the
'structural' layers underneath.
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2

Experimental

2.1 Small scale jet fire test facility
HSE has developed and validated a small-scale erosive burn test facility which can
be used for screening and research and development purposes for passive fire
protection materials. The test creates very similar conditions to those experienced by
the jet fire resistance test described in ISO 22899-1. Appendix 1 describes the
typical form of the test and its relationship to the ISO 22899-1 test.
The test is known as the “small scale jet fire”. It does not replace the larger scale ISO
22899-1 test. However, it serves as a very good indicator of how a material will
perform when subjected to high erosive forces coupled with high heat fluxes.
Following a series of pool fire tests conducted on four composite repairs at HSE it
was decided to conduct two small scale jet fire tests on a 15-layer glass reinforced
low temperature resin repair and 8 layer glass reinforced high temperature resin
repair to ascertain how the composite repairs would perform under jet fire conditions.
A comparative test on a pipe without a repair was also conducted and the result of
this test is reported here.
The normal test arrangement is for flat panel sections; and was therefore modified to
allow testing on a repaired section of pipe by extending the test rig around the pipe
and adding a vertical backing plate a short distance behind the pipe.
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2.2 Test Details
2.2.1 Bare pipe
A 560 mm length of pipe, 220 mm diameter with a wall thickness of 12 mm was
instrumented with four thermocouples (positions shown in Figure 1). The
thermocouples were drilled and peened into the inner surface of the pipe (Figure 2).
The bare pipe was mounted in the small-scale jet fire test rig as shown in Figure 3
and subjected to a test duration of approximately 9 minutes.

Figure 1: Thermocouple positions on pipe.

Figure 2: Thermocouples inside pipe.
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Figure 3: Bare steel pipe positioned inside small scale jet fire test facility.
2.2.1.1 Temperature data
A plot of the temperatures over time can be seen in Figure 4.

Figure 4: Temperatures recorded on the bare steel pipe.
The maximum temperature recorded on the bare steel pipe was 809 °C by
thermocouple (TC) 3 which was in the centre and at the top of the pipe.
2.2.2 15 Layer LT (low temperature) repair
A 560 mm length of pipe, 220 mm diameter with a wall thickness of 12 mm was
instrumented with four thermocouples in the same locations as the bare pipe test
(positions shown in Figures 1 and 2). The central 340 mm section of the pipe had a
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15 layer glass reinforced low temperature epoxy resin repair. The pipe was placed
into the small-scale jet fire test rig as shown in Figure 5 and subjected to test
duration of 20 minutes.

Figure 5: 15 layer wrap pipe positioned inside small scale jet fire test facility.
A photograph of the repair four minutes after the test can be seen in Figure 6.

Figure 6: Four minutes after the test.
2.2.2.1 Temperature data
A plot of the temperatures over time can be seen in Figure 7. The maximum
temperature recorded on the steel pipe was 508 °C by TC 4 which was 140 mm from
the left hand edge and in the centre of the pipe.
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Figure 7: Temperatures recorded on 15 layer wrap pipe.
2.2.2.2 Visual inspection on cooling
The repair had completely disbonded from the substrate and was easily removed
from the pipe. The inner surface and condition of the repair were checked once it
was removed from the pipe. It was very easy to move the repair down the pipe which
indicated a total loss of bond to the substrate (Figure 8). The repair also appeared to
exhibit substantial resin loss (Figures 9 and 10).
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Figure 8: 15 layer LT wrap after testing. The wrap had been moved along the
pipe as shown by the colour boundary on the pipe.

Figure 9: The wrap showing exposed fibres due to loss of resin.
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Figure 10: The repair showing the loss of resin across the entire width.
2.2.3 8 Layer HT (high temperature) repair
A 560 mm length of pipe, 220 mm diameter with a wall thickness of 12 mm was
again instrumented with four thermocouples (at the positions shown in Figures 1 and
2). The central 340 mm section of the pipe had an 8 layer glass reinforced high
temperature epoxy resin repair. The pipe was placed into the small-scale jet fire test
rig as shown in Figure 11 and subjected to test duration of 20 minutes.

Figure 11: 8 layer repair pipe positioned in small scale jet fire facility.
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A visual inspection of the repair shortly after the test revealed that there was a small
degree of surface burning which was sustained for around 6 minutes after the test
was terminated.
2.2.3.1 Temperature data
A plot of the temperatures with time can be seen in Figure 12. The maximum
temperature recorded on the steel pipe was 520 °C by TC 4 which was 140 mm from
the left hand edge and in the centre of the pipe.
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Figure 12: Temperatures recorded on HT 8 layer repair pipe.
2.2.3.2 Visual Inspection on cooling
There were signs of resin loss at both ends of the repair and at the interface between
the wrap and the substrate (Figure 13). The wrap was quite fibrous and flaky but still
appeared well attached to the substrate and despite trying to move the repair (by
hand), it could not be moved down the pipe. It was fragile but still appeared well
bonded to the substrate (Figure 14).
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Figure 13: Loss of resin at the ends of the repair.

Figure 14: Repair still firmly attached to the pipe.
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3

Discussion

3.1 Bare steel pipe
The highest temperature the bare steel pipe reached in approximately 9 minutes of
the small-scale jet fire test was 809 °C, at which point it was decided to terminate the
test. The temperature of the steel gives a very good indication of the severity of the
test and the high temperatures and heat flux delivered to the test specimen. The
highest temperature on the bare steel pipe during the pool fire was 531 °C.
The effect of the erosive part of the test cannot be assessed on a bare steel pipe but
this aspect of the test is well documented in Appendix 3.

3.2 Small scale jet fire test comparison with the pool fire test
3.2.1 8 layer HT repair
The 8 layer HT temperature repair appeared to perform well in the test, apart from a
loss of resin and possible integrity at the ends. The wrap remained well bonded to
the substrate and the erosive effect on the wrap was not significant.
Two 8 layer low temperature wraps were subjected to a 15 minute hydrocarbon pool
fire and a 30 minute hydrocarbon pool fire (Appendix 1). On examination of both
repairs following the fire, it was concluded that there was loss of resin with some
unravelling, but both repairs were well adhered to the substrate and no noticeable
leaks of water were observed.
Steel temperatures could not be compared directly as there were no corresponding
thermocouple positions. The temperature measurements on the pool fire tests were
taken outside of the repair.
3.2.2 15 layer repair
A comparison of the integrity of the 15 layer repair following the pool fire and small
scale jet fire test cannot be made as a pool fire was not conducted on a 15 layer
wrap.
Following the small-scale jet fire test, the 15 layer wrap had completely disbonded
from the substrate. It was very easy to move the wrap down the pipe which indicated
a total loss of bond to the substrate. There also appeared to be a substantial loss of
resin. A maximum temperature of 508 °C was recorded.
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4

Conclusion

Both repairs exhibited loss of resin and integrity at the ends where the repair
interfaced with the steel pipe. This was much more pronounced with the 15 layer LT
repair which completely disbonded from the substrate.
The 8 layer HT repair appeared to perform well under jet fire conditions and
remained mostly intact and fully bonded to the substrate.
The 15 layer LT repair did not perform as well as the 8 layer HT repair in the smallscale jet fire test and the proposal that the first 7 layers would act in a sacrificial role
and protect the layers beneath does not appear to be supported by the results from
the small scale erosive burn test.

4.1 Recommendations
If composite repairs are to be used in areas where jet fire is a potential hazard, then
further testing against jet fire should be undertaken. This should allow more direct
comparison with the pool fire tests on composite repairs and with the known
performance of passive fire protection for jet fire service.
A full scale jet fire test to ISO 22899 should be performed on an 8 layer HT wrap
repair with the defect positioned to the most erosive part of the jet. The pipe should
be filled with water and pressurised to 10 bar. The inside of the pipe should be
instrumented with thermocouples to monitor temperatures underneath the wrap and
close to the defect. If failure does not occur, a visual assessment of the condition
and integrity of the wrap should be made following the fire.
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Appendix 3: Small scale jet fire facility – Comparison of
performance against ISO 22899-1
1.1 Test Rig
HSE has a small-scale test rig intended for screening, research and development
work for passive fire protection (PFP) materials which are likely to undergo jet fire
impingement and may require certification to ISO 22899-1.
A test sample is clamped up to a window cut in a 10 mm thick steel plate, lagged
with 25 mm thick insulating fireboard. The steel plate (0.56 m wide by 0.7 m high)
forms the end of a rectangular section tunnel of the same dimensions and
approximately 3 m length. Within the tunnel are three fuel release points or ‘flames’.
The primary release point (closest to the sample) consists of a small orifice supplied
with compressed air, surrounded by four low-velocity propane release points. The
air exits the orifice at sonic velocity and impinges on the sample, causing erosion,
while fairly lean, high temperature combustion occurs with the surrounding propane.
Further back from the sample, within the tunnel, is an atomized diesel spray flame,
which serves to ignite and stabilize the primary propane flame and provides a
radiative background. Further back still is a secondary low-velocity propane flame
which provides some additional heat and radiative background. At the start of the
tunnel is a fan and slot-grid arrangement which causes a consistent draft through the
tunnel; the flue or vent for the system is at the other end of the tunnel.
Development tests have shown that the rig is capable of producing indicative heat
fluxes* of up to 340 kW.m-2 on some parts of a bare 10 mm steel plate test piece,
while indicative flame temperatures ranging between 700 °C and 950 °C have been
measured**. The jet force or amount of erosion has not been quantified
experimentally, but an approximation to the ISO 22899-1 jet fire test was made by
dividing the rate of change of momentum at the jet nozzle (mass flowrate x velocity)
by the approximate jet impingement spot area (taken as 200 mm diameter circle for
ISO 22899-1) and selecting the small-scale sonic air jet mass flowrate and stand-off
such that the value of this simplistic ‘momentum flux’ matched.
* based on initial heat up rate of steel plate
**just in front of an insulating fireboard, type K stainless steel sheathed
thermocouples, not corrected for re-radiation
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1.2

Tests with PFP specimens

In the early 1990’s HSE was involved with a weathered PFP project to assess the
effects of long–term durability of PFP specimens with steel substrates which had
been subjected to real-time weathering. A number of PFP manufacturers provided
small specimens (300 x 300 mm) of PFP for evaluation purposes against specimens
which had been subjected to weathering. The weathered and new samples were
tested in the ISO 22899-1 jet fire test at HSE. New specimens left over from this
project were used in the small-scale jet fire rig for a direct comparison in PFP
performance between the two tests. Their performance was assessed using the back
face temperatures and char thickness between the samples tested in the ISO 228991 rig test and the samples tested in the small-scale rig. The weathered test
arrangement subjected one sample in the high heat flux area and one in the high
erosive area of the jet. Maximum temperatures and char thicknesses recorded for
the specimens in the ISO 22899-1 test were compared with a specimen tested in the
small-scale test.
Three different types of PFP intumescent coating materials (designated A, B and C)
were used; the key results from these tests (temperature and char thickness) are
summarised below.
1.2.1 PFP Specimens A and B
The maximum temperatures recorded for both the high heat flux zone and high
erosion zone samples compared well with the temperatures recorded for the smallscale jet fire sample. There was a difference in char thickness with a reduced
thickness in char for the small-scale jet fire specimen.
1.2.2 PFP Specimen C
Temperatures on the specimen in the high erosion zone were reasonably close to
those recorded on the small-scale jet fire sample. The char was reduced in the
small-scale jet fire, as this forms an insulating layer protecting the substrate which
accounts for the higher temperatures.
Slightly higher temperatures towards the end of the test and a reduced char
thickness suggest that the small-scale jet fire facility may be slightly more erosive
over the same time period (60 minutes). It was concluded that specimens subjected
to the small-scale jet fire facility (now known as the small scale erosive burn test) are
subjected to conditions very similar to those experienced in the medium scale jet fire
test (ISO 22899-1). The erosive part of the small-scale test is probably slightly more
onerous than the ISO 22899-1 test and the heat flux slightly lower. The test does
however provide a good indication of how a material will perform when subjected to
a high heat flux and highly erosive jet fire.
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Engineered composite repairs are used to repair defective and corroded
pipework on major hazard plant both on and offshore. This includes
chemical plant, oil refineries and offshore installations. Pipework includes:
that carrying flammable or toxic process fluids; and that within safety
critical systems, for instance carrying firefighting deluge water. The use of
these repairs is increasing, for example by dutyholders seeking to extend
the life of major hazards plant. To ensure that safety levels are maintained
on major hazard plant, it is important to understand the properties of
composite pipe repairs and any evidence gaps.
One concern is that in the event of a fire incident, the materials used to
make composite repairs, such as glass fibre or carbon fibre reinforced
polymer systems, might begin to leak more quickly than metallic pipework. If
this were the case, it could potentially increase the severity of a fire incident.
This report describes a preliminary programme of experimental tests to
explore the effect of liquid pool fires and burning jets of gas on engineered
composite repairs. No previous experimental evidence was available. The
research identified evidence gaps about the behaviour of composite wraps
in fire scenarios. This is important information for industry as part of
ensuring that existing levels of safety are maintained. This work helped
inform the development of the publicly available Management of engineered
composite repairs: end user good practice guidance published by the
Energy Institute (2021).
This report will be of interest to those responsible for the ongoing integrity
and safety of major hazard plant.
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