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SUMMARY:

This report presents a full-scale test carried out 31 January 2017 in which the objective
was to find out how much the fire progresses before it is detected by a heat detection
cable mounted in a steel pipe, and a flame detector.
In the setup being tested the flame detector detected the fire almost immediately after
ignition. The heat detection cables mounted in steel pipes did not detect the fire until it
had spread all the way to the pipes.
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1

Introduction

The objective was to carry out a full-scale test in order to find out how much the fire
progresses before it is detected by two heat detection cables in a steel pipe mounted under
the rafter in two different hights, and a flame detector.

2

2.1

Experimental setup

RISE Fire Research’s large test hall

The tests were carried out inside a large test hall at RISE Fire Research, Trondheim. The hall
is equipped with a ventilation system to which air is supplied through ducts in the floor, and
which is vented by ceiling fans. The tests were carried out with the ventilation system shut
off. A schematic overview of the hall is presented in Figure 2-1.

Figure 2-1

Overview of dimensions and ventilation for SP Fire Research’s large test hall.

2.2

Test facade

The experimental setup consisted of a wall constructed by OSB boards. The wall was 4.8 m
wide and 2.5 m high, with a 0.5 m roof overhang held up by rafters with a 0.6 m centre
distance. Figure 2-2 shows a drawing of the wall, and photos of the wall are shown in Figure
2-3 and Figure 2-4. The middle part of the wall was covered with 3 mm thick plywood with
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ignition time measured to be below 35 seconds and spreading to 350 mm mark was less than
100 seconds when tested according to IMO Res. A.653(16). This is equivalent to the plywood
used in IMO Res. 265(84) [1,2].

Figure 2-2

Drawing of the wall used during the test.
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Figure 2-3

The test wall seen from the front. The flame detector can be seen in the top right
corner, with the lower heat detection cable being placed in a steel pipe. The second
heat detection cable is mounted under the ceiling.
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Figure 2-4

Overview of the test wall seen from the side showing the flame detector and the position
of the two steel pipes holding a heat detection cable.

2.3

Detectors

2.3.1

Heat detection cable

According to the product data sheet submitted from the client, Honeywell TH 88 is a heat
detection cable that short circuits at 88 ºC. See product data sheet in appendix A. The heat
detecting cable was mounted in a steel pipe with an exterior diameter of 16 mm and 1.2 mm
material thickness.
The detector system used was selected, delivered and installed by the customer. RISE Fire
Research has no knowledge as to whether the properties of the tested product represent
average product properties.

2.3.2

Flame detector

The flame detector used for the test was an Autronica Autroflame IR flame detector BG-201.
See product data sheet in appendix B.
The detector system used was selected, delivered and installed by the client. RISE Fire
Research has no knowledge as to whether the properties of the tested product represent
average product properties.
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2.4

Instrumentation

2.4.1

Temperature

All thermocouples were logged with RISE Fire Research’s logging system with a frequency of
1 Hz.
To measure gas temperature encapsulated thermocouples type K with 1.5 mm diameter were
used. Gas temperature was measured 5 cm above the fire source, and on the upper edge of
the pipes holding the heat detection cables, 5 cm from the wall.

2.4.2

Photos and film

Photos and video were taken where relevant, to document the tests.

3

Test procedure

The heat detection cable was placed in a steel pipe as described in chapter 2.3.1 and attached
to the wall using steel cable clips of two heights; 2.0 m and 2.4 m, above ground level. The
flame detector was mounted in the top right corner of the wall so that the detection area
covered the entire wall.
The fire was lit at the wall’s centre by means of a FM Global standard igniter, which consists
of a roll of cellulose wadding, diameter 7.6 cm, length 15.2 cm. The wadding was moistened
by 23.5 cl heptane and put into a polyethylene bag.

4

Results

It took 6 seconds from the fire source was ignited until the flame detector detected the fire.
Figure 4-1 gives an overview of the stage of fire at the point of detection.
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Figure 4-1

Stage of fire as the flame detector detected the fire, 6 seconds after ignition.

After around fire minutes the fire decreased. The temperature at both heat detection cables
had then remained stable at around 100 °C. As the fire had decreased the plywood sheets
were broken up in order for the fire to reach more materials and spread upwards. After 7
minutes and 55 seconds the heat detection cable installed at 2.0 m detected the fire, and 25
seconds later the heat detection cable installed at 2.4 m detected the fire. The stage of fire in
each of the cases is shown in Figure 4-2 and Figure 4-3 respectively.
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Figure 4-2

Stage of fire as the lower heat detection cable detects the fire, 7 minutes and 55 seconds
after ignition.

Figure 4-3

Stage of fire as the upper heat detection cable detects the fire, 8 minutes and 20 seconds
after ignition.

The fire was extinguished 25 seconds after the last heat detection cable detected the fire.
Damage to the wall after the test is shown in Figure 4-4. An overview of temperatures
measured on the top side of each pipe is shown in Figure 4-5.
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Temperature [°C]

Figure 4-4

Damage to the wall immediately after the fire had been extinguished, 8 minutes and 44
seconds after ignition.
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Figure 4-5

The graph shows temperatures measured immediately above the pipes holding the heat
detection cables. The detection times of the flame detector and the two heat detection
cables are shown in vertical lines.
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5

Discussion

The flame detector detected the fire after 6 seconds. However, the distance between the
detector and the fire was approximately 3.0 m, while the detector is approved for distances
up to 25 m. The short distance may have impacted on the detection time, which means that
the detection time may be longer in real fires.
A small igniter was selected, so that the flame detector would not detect the igniter, but the
fire on the wall. A large start fire would have resulted in the fire spreading at a quicker pace,
and it would not have decreased as observed in this case. The fact that boards instead of
planks were used as surface, combined with the ventilation conditions, may have impacted
on the growth of fire during the test. It is therefore important not to regard time until
activation as a parameter, but rather compare the stages of fire at the points when the
different detectors responded to the fire.
About three minutes into the test, stable temperatures around 100 °C were measured close to
both pipes holding the heat detection cables, without these being able to detect the fire. A
photo showing the stage of fire at this point is shown in Figure 5-1. The fact that the heat
detection cable does not respond to the fire is in line with tests carried out in flame spread
setup described in SPFR report F17 20188:01 [3], in which an equivalent heat detection cable
mounted in steel pipe over a period of 30 minutes did not respond to temperatures around
100 °C. Figure 4-5 shows that a flame detection cable in steel pipe requires temperatures
between 250 and 350 °C over half a minute period in order to detect a fire. The lower cable
detects the fire first, however, the time difference between the two cables is marginal. This
corresponds to tests carried out at Western Norway University of Applied Sciences in the
spring of 2013 [4].

Figure 5-1

Stage of fire after 2 minutes and 53 seconds as temperatures surrounding the cable are
stable at approx. 100 °C.
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6

Conclusions

The flame detector detected the fire almost immediately after ignition. The heat detection
cable mounted in steel pipe did not detect the fire until it had spread all the way to the cable.
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