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One of the most interesting problems in fire detection system design is the prob-
lem referred to as detector position on a ‘honeycomb ceiling’, because beams and
Joists affect stratification of smoke and, consequently, smoke detector response
time. The aim of this paper is to determine optimal smoke detector placement — on
the underside of beams or on the structural slab in the cells. On the basis of rules
of standards for smoke detector location, the large eddy simulation method of fire
dynamics simulator software package was employed to investigate the effects of
‘honeycomb’ density on smoke detector response time. The simulation results show
that the columns, beams, joists and similar structural elements affect stratification

of smoke and, consequently, smoke detector response time. In the case when the
honeycomb cells are small, the detectors on the underside of the beams react faster
because the smoke does not enter the cells in sufficient quantity to activate the op-

tical smoke detector located on the structural plate in the cells that form the beams.

On the basis of the obtained results, a satisfactory solution for most possible situ-

ations that could occur in practice has been proposed.

Key words: honeycomb ceiling, fire detection, fire dynamics dimulator,
simulation, smoke detector location

Introduction

In practical engineering applications, different types of beam structures are widely
used, because they can optimize weight and change strength by changing the cross-sectional
area and material properties. Uniform and non-uniform beams, sandwich composite structures,
and honeycomb structures are increasingly used in many fields of engineering and practically
always used as structural elements [1, 2].

The structures with vertical and horizontal irregularity and cross bracing can be found
not only in almost all large built industrial environments but also in shopping malls, transporta-
tion hubs, exhibition centers and tall residential and commercial buildings.

Cross bracing is a system utilized to reinforce building structures in which diago-
nal supports intersect. This system is usually seen with two diagonal supports placed in an
X-shaped manner or with joists at an angle of 90° and it can be applied to any rectangular frame
structure. Cross bracing between joists or rafters strengthens the members by preventing side-
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ways deflection. In regular light-frame construction and conventional roof framing, the ceiling
is constructed using an arrangement of timber (or metal and concrete) joists and beams that run
across the length and width of the ceiling [3]. Joists and beams create the ceiling of a room, and
support the ceiling cladding (the part that is visible). Ceiling voids are deemed as concealed
spaces in a built environment because they are often isolated or obstructed from view.

The response of beam structures under different external loads is very important from
the aspect of their stability. Based on the type of loading, various buckling forms could occur,
which can be global or local [4, 5].

Many researchers investigated beam properties at elevated temperature. Zhang et al.
[6] focused on the temperature, displacement and stress analysis of simply-supported laminated
beams with temperature-dependent material properties subjected to thermal and mechanical
loads. The analysis revealed that the temperature not only produces deformations and stresses
itself, but also affects the deformations and stresses induced by mechanical loads. Hu and Wang
[7] created a thermal-mechanical analysis model to characterize thermal shock behaviors of
auxetic honeycomb core ceramic sandwich structures. Safaei ef al. [2] investigated the bending
and critical buckling loads of a sandwich beam structure subjected to thermal load and axial
compression using ANSYS software. Numerical results of thermal stresses and buckling tem-
perature of the sandwich beam were validated analytically.

However, the building structures and materials are often exposed to very high tem-
peratures that occur during fires. Namely, fire thermal load affects the properties of structure
materials. Razdolsky [8] investigated the temperature-dependent modulus of elasticity and
time-dependent creep data of materials at a given temperature in different fire scenarios. The
predicted stress-strain curves can be used in structural analysis and building design.

In fire conditions, released heat affects the heating of the structural elements of the
building structure, causing their damage [9]. Depending on the type of structure, the first
damage to the structure begins as early as 300 °C, for example, with the reinforced concrete
structure [10]. The load during the heating process has significant impacts on the mechani-
cal properties of concrete at high temperatures [11]. The shear strength is one of the major
components of the concrete mechanical properties and it plays a significant role in the overall
behavior and failure of the concrete members. Moghadam and Izadifard [12] investigated
the shear strength of concrete at temperatures in the range of 100-800 °C and concluded that
with an increase in temperature, the shear strength of the concrete decreases and with further
increase in temperature to 450 °C, the shear strength is restored, after which it begins to de-
cline sharply.

The high fire temperatures cause deteriorations on structural elements and can greatly
reduce the load-bearing capacity of load-bearing elements [13, 14]. The traditional approach
to fire protection is based on coating with insulating material, which not only slows down con-
struction but also increases costs. Installation of a fire detection system can significantly reduce
these costs.

However, there are no rules in the standards for fire detection system design for all
types of constructions, especially for the cross-bracing system that is utilized to reinforce build-
ing structures. From a fire detection point of view, voids formed by joists and beams complicate
fire detection system design [15]. If a fire originating in compartments with a concealed space
is detected too late or encountered with inadequate response measures, the resulting damage
can be substantial. Five world leading standards — American — NFPA 72, European — EN 54-
14, German — VDE 0833-2, British — BS 5839, and Russian — SP 484.1311500 — deal with this
problem in more or less detail in the way described in this paper.
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These facts provide enough reasons to investigate the problem of fire detection on
honeycombs as a special form of ceiling irregularity [16]. Because of the aforementioned facts
related to rules in various standards, initial investigation assumptions made in this paper were
taken from the standards. On the basis of the assumptions, smoke detector response was numer-
ically modelled. Fire ddynamics simulator (FDS), i.e., PyroSim as an integrated development
environment, was used to select the optimal solution for installing detectors on a building’s
honeycomb ceiling.

Rules and recommendations for smoke detector location

As mentioned previously, the leading world standards state the rules for the honey-
comb problem differently. Within its basic rules for smoke detector sitting, European standard
EN 54-14 takes into consideration internal volumes of cells covered by a single detector. Ac-
cording to this standard, a single point thermal or smoke detector may cover a group of cells.
When a smoke detector is used, the internal volume of cells covered by the single detector
should not exceed the value:

TCV =12(H - h) (M

where TCV is the total cell volume, H — the height of a compartment, and /4 — the depth of
beams, A.6.4.1.f[17].

Rules in German standard DIN VDE 0833-2 are based on areas of ceiling bays formed
by subdividing elements. If the areas separated by beams have a surface that covers 60% or
more of the maximum monitoring area 4 of a detector, i.e., 0.6 x A, each ceiling bay shall be
equipped with a detector, and if the area of the ceiling bay is <0.6 x A4, then one detector can be
used for monitoring several bays with a surface of no more than 1.2 x 4,6.2.7.4 [18].

British standard BS 5839-1 points out the relation between dimensions of cells, beam
depth D and distance between beams 7. Depending on those dimensions, detector location may
be on the underside of beams if W is 4D or less, or on the structural slab in the cell if W is more
than 4D, tab. 1 [19].

Similarly, NFPA 72 standard states that if the ratio of beam depth, D, to ceiling
height, H, (D/H) is greater than 0.10 and if the ratio of beam spacing, W, to ceiling height
H (W/H) is greater than 0.40, detectors should be located in each beam pocket. If either the
ratio of beam depth to ceiling height D/H is less than 0.10 or the ratio of beam spacing to
ceiling height W/H is less than 0.40, detectors should be installed at the bottom of the beams,
A.17.6.3.3 [20].

There are no special rules for ceiling irregularities such as the honeycomb structure in
Russian standard CIT 484.1311500 (former HITb 88). Instead, the honeycomb form is treated
through the relation between the height of the ceiling and the depth of the joist, or by absolute
values of the dimensions of beams that form this structure, 14.3.8 [21].

Obviously, there are two problems related to smoke detector sitting in presence of this
type of ceiling irregularity: position of detectors and distance between detectors depending on
the dimensions of joists and beams.

Numerical study

This research was carried out using the FDS open-source software package, developed
by the National Institute of Standards and Technology. Since the FDS is a model of fire-driven
fluid-flow, it numerically solves a form of the Navier-Stokes equations approximated for low
speed and thermally-driven fluids. The governing equations are eqs. (2)-(5) [22]:
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— Conservation of mass:
op

o +Vpu=nm, ()
which is often written in terms of the mass fractions of the individual gaseous species:
%(pYQ)+VpYau =VpD, VY, +m) +my, (3)
— Conservation of momentum:
%(pu)+Vpuu+Vp=pg+fb+Vrij 4)
— Transport of sensible enthalpy:
%(phx)+v,0hxu :DD—’:+q"”—qg’—vq"+g (5)

where p is the density, u — the three components of velocity (= [u, v, w]7), T — the temperature,
D, — the diffusion coefficient, Y, — the mass fraction of a™ species, 7}, — the production of
species a by evaporating particles, p — the pressure, g — the acceleration of gravity, f, — the ex-
ternal force vector, 7; — the stress tensor, /4, — the sensible enthalpy, ¢” — the heat release rate per
unit volume from a chemical reaction, ¢;" — the energy transferred to the evaporating droplets,
q" — the conductive and radiation heat fluxes, ¢ — the dissipation rate, and 7 — the time.

The governing equations can be treated as large eddy simulation (LES) method or di-
rect numerical simulation (DNS). Since the focus of this paper is on the thermal flow of smoke,
which is conditioned by its buoyancy, the FDS LES method was used for numerical simulation

response of smoke detectors depending on their location — inside or outside of joists.

Theoretical background

The starting point in making a decision related to ceiling irregularity dimensions for
this numerical study was the choice of beam depth. The European standard states that any ceil-
ing irregularity having a depth greater than 5% of the ceiling height should be treated as a wall
[17]. The German standard specifies that elements subdividing the ceiling of a height of more
than 3% of the room height are obstacles [18]. In the British standard, ceiling obstructions such
as beams should be treated as walls if deeper than 10% of the ceiling height [19]. Similarly,
NFPA 72 states 10% as the limit value, because for ceilings with beam depths of less than 10
% of the ceiling height (0.1xH), smooth ceiling spacing shall be permitted [20]. Finally, the
Russian standard recommends putting the point smoke detectors in each segment of the ceiling
that is wider than 0.75 m if the depth of the joists exceeds 0.4 m [21].

Taking into account the said basic rules related to dimensions of joists, which have
an effect on smoke stratification, a fire compartment with ceiling construction as shown in
fig. 1 was chosen, with the following dimensions: ceiling height = 6.0 m, beam depth D =0.3
m and distance from beams W= 1.2 m, and W=2.4m, i.e., W=4xD and W= 8xD, respectively.

There are several reasons for choosing these values. Beam depth of 0.3 m is equal to
5% of ceiling height and represents a limit value in EN 54-14. Because of that, after defining
detector locations, it is necessary to calculate the value of 7CV covered by a single detector.

According to this standard, a single point-type smoke detector may cover a group of
cells if its internal volume does not exceed the value V' =12 m>x(H — h), where H is the height
of the ceiling and / is the depth of the beam of joist. Value D exceeds the 3% mentioned in
the German standard, so after smoke detector placement it is necessary to calculate the value
0.6 x4 of the ceiling bays covered by a single smoke detector.
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Figure 1. Positions of detectors

Finally, the relationship between W = 4xD, which is a limit value according to the
British standard, and W = 8xD (or W > 4xD) necessitates that detectors be put in pair at about
the same distance from the fire source, i.e., on the underside of the beams and on the structural
slab in the cell (Positions 1 and 2 in fig. 1) in order to analyze the influence of the honeycomb
structure on fire detection. These values satisfied the first two conditions from the British stan-
dard, tab. 1 [19].

Table 1. Rules from the British standard for maximum distance between smoke detectors

Ceiling height, H Beam depth, D Maximum distance | W <4xD W>4xD
6 m or less Less than 10% H As per flat ceiling | Position 1 | Position 2
0,
More than 6 m Less than 10% H and As per flat ceiling | Position 1 | Position 2
600 mm or less

Simulation set-up

In order to perform the numerical experiment of detector position on a honeycomb
ceiling, it is necessary to define a model of building structure affected by fire, computational
cell size, location of the fire source, fuel type, heat release rate and specific fire scenarios. In a
computational domain (10.8 m wide, 21.6 m long, and 6.2 m high), the fire compartment was
designed for CFD LES simulations. The compartment ceiling was built from the honeycomb
structure, i.e., joists with width and depth of 0.3 m.

For achieving the optimal solution for installing a smoke detector on the ceiling, nu-
merical simulations were carried out for two cases:

— Scenario 1: Dimensions of every ceiling cell are 1.2 m x 1.2 m x 0.3 m with internal volume
of TCV'=0.432 m® and area of S = 1.44 m?, fig. 2(a).

— Scenario 2: Dimensions of cells are doubled: 2.4 m x 2.4 m x 0.3 m with internal volume of
TCV=1.728 m® and area of S = 5.76 m?, fig. 2(b).

Figure 2. Simulation model; (a) Scenario 1 and (b) Scenario 2

Since the area of fire compartment is 233.28 m?, in accordance with all standards,
four smoke detectors are required for total coverage. However, for the purpose of this investi-
gation, a small modification has been made. Namely, the first pair of smoke detectors (located
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on the underside of the beam and on the slab of the cell) is located a little outside the radii
allowed by the European and German standards. The second pair of smoke detectors is locat-
ed on the corner of the fire compartment, which is not applicable in practice, but in this case
such arrangement of detectors allows the ‘measurement’ of time delay for detector responses.
The distances between detectors in pairs on the beam and on the slab are approximately 0.4 m
for both scenarios. The distances between the fire source and individual detectors are given in
tab. 2. The detector marks are in the form XD1Y and XD2Y, where X =S1 and X = S2 denote the
first and the second simulation, respectively. For both simulations, the detector pair closer to the
fire is marked D1 and the detector pair in the corner is marked D2. Finally, suffix Y = B indicates
detectors located on the underside of the beam, and Y = C indicates detectors located in the cell.

Table 2. Distances of detectors from fire for both scenarios

Scenario 1 Scenario 2
S1DIC 8.294 m S2DIC 7.059 m
S1DIB 8.698 m S2DI1B 7.479 m
S1D2C 14.385m S2D2C 10.901 m
S1D2B 14.851 m S2D2B 10.956 m

Polyurethane G27 (C,sH4,0O4N,) with critical flame temperature of 1327.0 °C was set
as the fire buoyancy source (1.0 m x 1.0 m x 0.5 m) at the floor of the compartment. The as-
sumption is that fire compartment under simulation is the storage space and that the coating on
the beams burns first. According to the FDS reaction database [22], a reaction type of Polyure-
thane with soot yield = 0.198 and CO yield = 0.042 was specified for generating smoke and
combustion products from the fire source. The

£ 1000 growth phase of the fire was specified by the
= 900 ¢t square fire growth model [20]. Medium fire
T 800 with growth coefficient of 0.01172 kW/s? was

used for the simulations. Taking into account
the initial incubation period in which thermal

400 decomposition of the polyurethane occurred,
300 the specified heat release rate (HRR) of 1055
200 kW was reached in 300 seconds and then main-
100 tained at 1055 kW constantly, fig. 3. The fea-

0 100 2000 3000 400 300 ¢ tures of computer used for simulation is CPU
Intel(R) Core (TM) i7-3770K, 3.50 GHz, 4

Figure 3. The HRR
cores, 4 threads, 16 GB ram, 1 GB HDD.

Model validation

Before the simulation, it is necessary to check the validity of the numerical model
in accordance with the requirements of the standards for smoke detector location. Since de-
tector distances from the fire source for both models are known, it is necessary to calculate
internal volume and surfaces of ceiling bays covered by detector radius of 7.5 m (according to
EN 54-14) and 5.3 m (according to VDE 0833-2) [17, 18]. The number of covered cells, inter-
nal volume 7CV and values 0.6x4 covered by the detector nearest to fire for both scenarios are
given for EN 54-14 criteria and for VDE 0833-2 criteria in tabs. 3 and 4, respectively.
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Table 3. Internal volume of cells covered by a single detector

EN 54-14 criteria Cells TCV Allowed
Scenario 1 49 21.16 m* 68.4 m?
Scenario 2 15 25.92 m? 68.4 m?

Table 4. Total area of cells covered by a single detector

VDE 0833-2 criteria Cells 0.6 x4 Allowed
Scenario 1 25 30.24 m? 36 m?
Scenario 2 6 34.56 m? 36 m?

Tables 3 and 4 show that all parameters satisfied the maximal allowed criteria from
the European and German standards for ceiling irregularity, which are designed according to

the British standard.

On the other hand, to validate the numerical model, it is very important to determine
the acceptable response range of the detector. It is known that manufacturers set alarm thresh-
olds for point type smoke detectors by obscuration measured in [% per m], while for line type
detectors the alarm threshold is defined by absolute obscuration in [%]. Consequently, it is
necessary to take into consideration the recommended alarm thresholds from UL 268 [23], or
more precisely, smoke detector test acceptance criteria for different colored smoke. According
to this, the acceptable response range of the detector is 1.6-12.5% per m and 5.0-29.2% per m
for grey and black smoke, respectively, NFPA 72, table B.4.7.4.2, [20]. Therefore, the value of
5% per m was accepted as the criterion for model validation, tab. 5.

Table 5. Number of cells and time for reaching

the obscuration of 5% per m

Mesh size [m] Time to 5% per m [second] Number of cells
0.08 96.8 2765224
0.1 95.7 1446336
0.12 83.75 826200
0.15 87.9 425088
0.17 94.12 294912
0.2 80.2 180792
0.22 80.85 124416
0.25 81 92450
100
Since the accuracy of the numerical mod- = o M
el largely depends on the mesh size, it was nec- & go Obscurption 5% ger m
essary to determine the optimal mesh resolution. " 70
The validation of the model was carried out for 60
different mesh dimensions from 0.08-0.25 m 50
and the time needed to achieve the obscuration 40
of 5% per m was observed. The results of these 30
simulations are shown in tab. 5 and the corre- 20
sponding convergence curve, which represents 10
the sufficient number of cells for simulations, is % 500000 1000000 1500000 2000000 2500000

shown in fig. 4.

Number of cells

Figure 4. Convergence curve
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Figure 4 shows that the mesh size of 0.1 m is sufficient to obtain reliable results. In
other words, net density with the number of cells above 1500000 does not significantly affect
the simulation results.

Results and discussion

To determine the optimal position of smoke detectors, the spread of fire products in
a compartment was simulated first in this study. The results of stratification effect of smoke on
the honeycomb structure in the time instance of 54.0 secons of the simulations are shown in
fig. 5 for both scenarios.

The obtained results show that fire flame and smoke plume rise in the form of con-
vective current above the fire source and they are carried by a strong buoyancy force. The
buoyancy force occurs due to the large quantity of heat released during the fire, leading to a
strong thermal effect. It arises as a result of high temperature and low density of fire products
compared to ambient air. It forces the gaseous products with high velocity directly upwards.
Under these circumstances, by moving upward in the compartment, the smoke quickly fills its
upper part. After that, its flow is restricted by the compartment ceilings. The fire-induced smoke
plume flows horizontally near the ceilings forming the ceiling jet.

From the point of view of fire detection, the phenomenon of ceiling jet formation by
fire products is very important. The jet is the rapid flow of gaseous combustion products in a
thin layer just below the surface of the ceiling, which is caused by the buoyancy force of the
heated gaseous products of the fire. Observing the movement of smoke under the ceiling, it can
be noticed that their distance decreases with the distance from the fire source, because it cools
down as it mixes with the surrounding air.

Figure 5. Smoke stratification effect on honeycomb structure: Scenario 1 in 54" second (a)
and Scenario 2 in 70™ second (b)

As shown in fig. 5, in the 1% scenario the stratification layer is wider but thinner at the
given time instance, while in the second scenario this layer is narrower and thicker. Obviously,
this happens as a consequence of the distance between the beams, because in the first scenario
the smoke is dispersed over a larger area. In this time instance the measured obscuration on all
detectors is 0% per m.

However, in the 2™ scenario (2.4 m distance between beams) the obscuration on
the pair of detectors closer to the fire, i.e., detectors S2D1C and S2D1B, is 6.87% per m and
23.01% per m, respectively. These values can be detected by point or line type smoke detectors.
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This fact is confirmed by the curves of total obscuration for both scenarios shown in fig. 6.
Obviously, the dimensions of the honeycomb affect the filling of the compartment by smoke.
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Figure 6. Obscuration; (a) Scenario 1 and (b) Scenario 2 (for color image see journal web site)

The distances between detectors in pairs on the beam and on the slab are approximate-
ly 0.4 m for both scenarios and consequently do not affect the conclusions related to response
time. As mentioned earlier, the recommended alarm threshold of 5% per m is most often chosen
for most environments, so the results for obscuration vs. time were extracted up to the obscura-
tion of 20% per m for both scenarios, fig. 7.
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—_
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>
Obscuration [% per m]

:

/
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— % permSID2C  — % perm S1D2B — %perm S2D2C  — % per m S2D2B

Figure 7. Obscuration; (a) Scenario 1 and (b) Scenario 2 (for color image see journal web site)

Two conclusions can be drawn immediately from the curves shown in fig. 7. The first
conclusion is that detection time is shorter as dimension of the cells increase. Also, as detector
distance from fire increases, the response times of the detector on the beam and in the cell be-
come approximately the same. The second conclusion is that by reducing the dimensions of the
cells, the detector on the underside of the beam will undoubtedly react faster than the detector
on the structural slab.

Since early detection and consequently early warning is a priority upon fire occur-
rence, especially for timely evacuation, tabs. 6 and 7 show the characteristic values of obscu-
ration that are important for fire detection. Table 6 contains the obscuration values for a beam
spacing of 120 cm. For the pair of detectors closer to the fire, the obscuration on the beam and
inside the honeycomb is almost equalized after 25 seconds, and after a few seconds the values
of the obscuration are almost identical.
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In the worst-case scenario, when the detector pair is at the maximum distance from
the fire that is allowed by the European and German standards, the concentrations of smoke
measured on the pair of detectors located closer to the fire are reached with a delay of a little
over 30 seconds. The initial obscuration in terms of detection is almost the same, but there is
a quick increase of obscuration on the beam in about 10 seconds, while at the same time the
obscuration on the detector pair closer to the fire reaches the values between 75% per m and
82% per m. Finally, the concentration of smoke on the detectors located inside the cell reaches
the values measured on the detectors mounted on the beam with a delay of about 7-8 seconds.

Table 6. Scenario 1 — Characteristic values of obscuration

Time Obscuration [% per m] Time Obscuration [% per m]
[second] | siDIC | SIDIB | [second] | sip2C | SID2B
63.01 0.00 20.52 97.21 10.16 13.56
64.82 0.00 29.58 99.00 8.88 20.79
66.61 0.77 32.75 100.81 10.31 25.11
68.41 11.10 35.09 102.60 14.09 27.78
70.21 23.65 48.37 104.40 15.50 34.10
72.00 34.09 55.15 106.21 16.93 43.16
73.81 37.12 55.72 108.01 21.15 46.02

Table 7. Scenario 2 — Characteristic values of obscuration

Time Obscuration [% per m] Time Obscuration [% per m]
[second] | s2p1C | S2DIB | [second] | sop2c | S2D2B
52.21 0.60 15.01 68.40 9.48 14.58
54.01 6.87 23.01 70.22 19.17 26.50
55.81 12.63 27.54 72.01 22.00 25.59
57.60 15.18 35.17 73.81 28.68 21.51
59.40 16.58 43.05 75.60 40.93 22.67
61.21 26.46 49.23 77.41 43.43 29.94
63.00 42.66 53.78 79.20 44.06 32.13
64.80 49.62 58.10 81.01 42.95 35.93
66.60 52.82 62.33 82.80 45.58 39.05
68.40 53.07 63.82 84.60 53.36 47.43

In Scenario 2, when the distance between the beams on the ceiling is twice as large
— 240 cm — the values of obscuration on both detector pairs are reached 10-20 seconds earlier
than when the distance between the beams is 120 cm. For example, values of 50% per m on the
pair of detectors closer to the fire are reached 22 seconds earlier, tab. 7. However, the values on
the furthermost pair of detectors at this distance in relation the pair at the distance of 120 cm
between beams at the same location are reached earlier by more than half a minute, i.e., in 36
second.

Although the value W = 4 x D appears in the British and American standards as the
limit value below which the detector should be placed on the beam rather than inside the cell,
it should still be considered whether this rule should always be applied to some applications.
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The obtained simulation results showed that in both scenarios the smoke detector on the un-
derside of the beam responds faster, especially if the honeycomb cells are small, because the
combustion products do not enter the cells in sufficient quantity and do not create a sufficient
concentration activate the optical smoke detector.

The difference in detector activation time is greater as the detector is placed closer to
the fire source, and this difference decreases as the distance from the fire increases. Therefore,
the approach from the German standard is more accurate, because it gives a better response
than the 7.5 m rule specified by the European standard, without the problem that there can be
redundancy in detector distribution.

Conclusions

The CFD simulations were carried out within the framework of studying the detector
position on a honeycomb ceiling of a building with the aim of detecting a fire at an early stage.
The FDS LES method was utilized to investigate the effects of honeycomb density on smoke
detector response time. The main conclusions are as follows.
® The columns, beams, joists and similar structural elements affect stratification of smoke and,
consequently, smoke detector response time.

® In the case when the honeycomb cells are small, the detectors on the underside of a beam
react faster, because the smoke does not enter the cells in sufficient quantity to activate the
optical smoke detector located on the structural plate in the cells that form the beams.

® For honeycombs with dimensions W = 8xD and larger, the difference in response time of
the detector is reduced.

® The obtained results show that some standards have satisfactorily solved the problem of fire
detector location. The approach from the German standard is more accurate because it gives
a more optimal response than the 7.5 m rule specified by the European standard, without the
problem of potential redundancy in detector distribution.

Taking into account that many types of beams and joists are used for construction
nowadays, it is recommended that a similar kind of simulation is performed if there is a plan
to install a fire detection system. The cost of this system is very low in relationtal construction
costs, but it reduces the risks incurred by fires in their developed phase.

Obviously, the systems of fire protection of the honeycomb structure require more
research. The main reason for this is the response time of detectors, which directly influences
the beginning of evacuation and fire extinguishment. In this study, numerical simulations were
performed for a compartment height of 6 m, so the rules mentioned in this study should be
verified further for lower or higher rooms. Since the simulations showed that the arrangement
of ceiling irregularities significantly affects smoke stratification, the use of linear smoke de-
tectors should also be considered. By using this type of detectors, it is possible to detect a fire
immediately before the stratification layer is formed. On the other hand, there are also reasons
of aesthetic nature, because detectors within the field are hidden from view and do not disturb
the appearance of the interior of the compartment. The quantification of all those aspects could
be a subject for further research.
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