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Abstract
This study investigated the release and distribution of the fire parameter
smoke and carbon monoxide exposed to different decomposition
temperature in the EN-54 test room. Standard fire detectors arranged on
measurement trees illustrate the detection behaviour via the room height
of 4 m. For detection thresholds of 10 ppm CO compared to 30 % smoke
concentrations it is observed, that for mixed-materials cribs smoke
detection takes place earlier while for beech wood CO detection occurs
faster. Next to the detection at the ceiling, the concentration thresholds
are reached at the floor, before a detection within the lower middle of the
room (h = 1.50 m) will occur. This shows, that the smoke layer concept
is not applicable for the investigated scenarios.
Keywords: detection of CO compared to smoke, initial fire, test fire, EN
54-test room
Introduction
Within the research project “TEBRAS - fire detection, combat and selfrescue techniques in the earliest phase of a fire” (funded by the German
Ministry of Research and Education (support code 13N14206) a set of
fire experiments with focus on the incipient fire stage were conducted to
investigate the generation and dispersion of fire parameter in different
room scales.
In previous projects, it could be shown by laboratory scale tests that a
detectable amount of different gases is set free quite before exothermic
reactions start (Ness, 2015; Krause & Trott, 2017). This means, that
generally it is possible to identify the very first signs of an incipient fire by
gas detection systems and therefore to prevent the fire from emerging.
Based on those outcomes, the TEBRAS-experiments focused on the
generation of fire parameter and in particular on their dispersion
behaviour and hence on the detection possibilities in typical room

geometries. An additional focus was set on the thermal decomposition of
different types of materials and different decomposition temperatures,
which were kept in a low range, before the fire starts.
The investigations were conducted in different scales, ranging from room
heights of 4 m up to 15 m in height. While first publicized results
concentrate on room heights of 15 m (Meinert & Festag, 2019; Meinert
et al. 2019, Hahn et al. 2019 and Hahn 2019), the present report focuses
on the dispersion of the fire parameter smoke, carbon monoxide and
temperature within a room with a fixed height of 4 m. Hence, the priority
of this publication is to compare the influence of different fire types on the
dispersion of fire parameter in rooms.
Experimental set-up
The dispersion of fire parameter smoke, carbon monoxide and
temperature was investigated in the EN-54 test-room of Hekatron (ELBA
- Erprobungslabor für Brandmelder-Applikation) with a three-dimensional
measurement mesh made of conventional fire detectors. The very early
stage of the fire was addressed by a low energy decomposition of wood
and plastic in comparison, which was realised by heating a heat plate up
to a fixed decomposition temperature that was varied between 370 and
610 °C. By this, smouldering, non-flaming fire conditions of the early
stage could be achieved that go ahead with low-energy buoyancy and
hence represent next to different sources of fire parameter also a different
dispersion behaviour.
Mixed-material cribs with five blocks of plastics (polyethylene,
polypropylene, polyvinylchloride, polystyrene, and polyamide) together
with two blocks of spruce wood were chosen to represent modern fire
types. The concept of this type of alternate crib composition was firstly
defined by Rappsilber & Krüger (2018) to account for modern room fires
with nowadays types of furniture and fixtures.
Figure 1 gives and overview of the test set-up with a detailed adjustment
of the blocks (left) and the placement of the crib on top of the heat plate
and a load cell to measure mass loss of the sample. The degradation
behaviour of the plastic blocks was previously studied in detail (Meinert
& Festag 2018). Here, the decomposition temperature of 350 °C
measured at the bottom of the plastics beneath the aluminium foil was
figured out as the maximum possible degradation temperature. A further
heating would have led to open combustion conditions, which were not
the objective of the present study. Here, the combination of plastics
together with spruce wood generated a mixture of fire gases that were
typical for the early fire stage, including a measurable amount of the
favoured fire gas CO. Hence, a broad variety of fire gases is generated
which would not been achieved if a limited amount of different materials
would have been used.

Additionally, 10 blocks of beech wood, wood similar to the standardized
test fire 2 (DIN EN 54-7, 2018) were considered as the second fire type,
representing a typical wood smouldering fire and contrarily to the mixedmaterial crib a more old-fashioned furniture. For this fire type, the
temperature elsewise was varied between 370 and 610 °C. The weight
was measured to approx. 300g for each cribs, the mixed materials crib
and the beech wood.

Fig. 1. The mixed-material crib (left) and its installation (right):
1 insertion of sample, 2 heat plate according to EN 54,
3 load cell.
Figure 2 shows the dimensions of the EN-54 test room ELBA as well as
the positions of the specimen and the fire detectors. The different
specimen have been placed in the middle of the room, while the
measurement trees of fire detectors were arranged all over the room to
capture the dispersion three-dimensionally.

Fig. 2. Dimensions of the EN 54 test room ELBA with positions of
specimen and five fire detector measurement trees.
In total 55 detectors that measure smoke, carbon monoxide and
temperature were installed on five measurement trees with a distance
of 0.5 m via height and a finer spacing of 0.25 m beneath the ceiling.
Smoke was measured via the optical smoke detector. The measured
digital signal of the commercial device representing reduction of light

intensity here was converted to percent, with a value of 30 % indicating
typical detection thresholds.
Experimental results
For each test set-up two experiments were conducted to study the
repeatability of the configuration. Figure 3 shows the CO (left side) and
smoke (right side) distribution via height for the investigated scenarios
with two repeated experiments for each set-up. One measurement-tree
with a distance of 3 m radius to the fire source is presented. On the
x-axis it is displayed, how long it takes until typical detection
concentrations are measured. Those thresholds were adjusted to
concentrations of 10 ppm CO and 30 % smoke, which can be related to
the used fire detectors.

Fig. 3. Comparison of mixed-material crip and beech fire: time to
detection threshold.
In general, there a good reproducibility of the tests can be derived from
figure 3. The experiments showed, that in every scenario, both fire
parameter smoke and CO were detected firstly at the top. The detection
time at the ceiling varies for CO from 7 minutes (beech with 610 °C
decomposition temperature) to 50 minutes (beech, 370 °C). Smoke was
firstly detected after 6 minutes (beech, 475 °C), for the lowest studied
decomposition temperature of 370 °C the detection took place after

72 and 75 minutes. From the ceiling down to a height of 1.50 m it was
observed that, the lower the measurement point was located beneath the
ceiling, the longer would the detection time for CO and smoke take.
In all scenarios, the detection would occur at the latest within a height
of 1.50 m (1.00 m) above the floor. Interestingly the detection at the
bottom is earlier than within the lower third of the room in all cases. This
applies for both CO and smoke. The detection times of the mixedmaterials crib are nearly equal at the ceiling and at the floor.
The comparison of the different fire types beech wood and mixedmaterials crib show at similar decomposition temperatures (370 °C vs.
350 °C), that smoke generation is higher for the plastic material. This is
true even at higher beech wood decomposition temperatures. In contrast,
CO detection of the mixed material crib takes place earlier, compared
with similar decomposition temperatures of beech wood.

Fig. 4. Ratio of CO vs. smoke detection time (10 ppm / 30 %).

Figure 4 shows the detection times of CO and smoke in relation to each
other. The measurement values smaller than one indicate, that the CO
threshold of 10 ppm is measured earlier than 30 % smoke. For the plastic
crib it clearly can be seen, that smoke detection is for nearly every
measurement point earlier than CO detection. In case of the beech wood,
this is also true, but only directly beneath the ceiling. Over the room
height, CO detection of 10ppm is up to two times earlier than smoke
detection of 30 %.
For all of the investigated scenarios, the development of a stratification
and a smoke layer gradually falling down the ceiling could not been
observed in the expected manner. However, directly beneath the ceiling
a layer of higher smoke concentration develops down to a maximum
distance of 25 cm. An exception is the lowest studied beech wood
decomposition temperature, where no smoke was detected before 76
minutes. With this lower decomposition temperature CO detection occurs
significantly earlier at the top compared to other studied scenarios.
Conclusion and outlook
The results show, that within the incipient fire stage not only conventional
fire parameter but also fire gases were generated. All studied
decomposition temperatures showed this behaviour. While the focus of
this article lies on CO, the generation behaviour of other fire gases is
published in Meinert & Festag (2018), Hahn et al. (2019) and Meinert et
al. (2019).
By the use of the three-dimensional mesh of fire detectors, it could be
proved that the fire parameter within the early fire stage were not only
detected beneath the ceiling, but also at an early time with a comparable
concentration at the bottom. The latest detection takes place in the
middle of the room height, this is especially true for the scenario with the
mixed-materials crib. Consequently, the well-known concept of a smokefree layer is not applicable for the incipient fire stage in all cases.
This article reflects the generation and dispersion of fire parameter by
different fire types under varying decomposition conditions and their
impact on the fire detection technology. Thereby it is a contribution to an
optimized detection in an early fire stage, which can counteract false
alarms (Festag, 2016 and 2017).
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