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A qualitative investigation on double-skin facade fires
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Abstract. Fire hazard of the green architectural feature double-skin fagade is always a concern. A
hazard scenario with a room fire adjacent to the fagade was identified earlier after interviewing with fire
professionals. Experimental studies on the consequence of the fire hazard due to trapping heat and mass in
the fagade cavity carried out before will be reported in this presentation. The rig was of height 15 m with a
fire chamber placed next to it. Flashover was induced to direct hot flame and smoke out. Only part of the
building was studied instead of a full height facade due to resource limitations. Air temperature next to the
upper interior glass pane was confirmed to be higher than the air temperature next to the exterior pane with
normal air cavity depth in double-skin facades. Flame will then be diverted to the interior glass pane, giving
possibility to spread fire to the upper rooms.

INTRODUCTION

Architectural feature double-skin facade (DSF) can give a better indoor visual environment as glass
facade buildings have less solar heat gain or loss [1]. Two glass panes separated by up to 2 m are installed
parallel to each other. This gives an air cavity between to take out solar heat by natural convection.
However, fire safety for DSF is a concern that should be dealt with carefully [2]. A scenario of having
a post-flashover room fire next to the DSF as in Figure 1 was identified after interviewing with fire
professionals. The key hazards of trapping heat and mass in the facade cavity were identified from
earlier computer simulations [3]. Air temperature next to the interior glass pane is found to be higher
than the air temperature next to the exterior pane with wide air cavity depth from the numerical studies.

Full-scale burning tests on DSF fires were carried out to verify the above. Part of a multistory DSF
was constructed at the burning site at a remote area of Northern China in Harbin, Heilongjiang, China.
A 15m tall rig was erected as in Figure 1. Cavity depths of 1 m, 1.5m and 2.5 m were studied. The rig
design was based on flame bending along the building facade [4, 5]. Typical testing results are reported
[6, 7] separately. This presentation will report some results of the experiments.

The study focused on measuring the hot air temperature to understand the air flow pattern inside
the facade cavity. Air temperatures next to the interior and exterior panes in the facade cavity were
measured. The type and material features of the glass panes are not the subject of interest. Different
glass panes would have different physical and thermal properties, and it is difficult to deduce general
results. Therefore, only air temperatures near the facade skins were recorded rather than the surface
temperatures of glass. Possible fire hazard can then be identified qualitatively [1] with some results
reported in this presentation.

ROOM FIRE SCENARIO

There are interests in understanding fire spread from an adjacent room along the facade [8—10]. The fire
scenario identified is to have a model room constructed next to the facade [8—10] as in Figure 1 with
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Figure 1. Schematic diagram of the DSF rig.
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Figure 2. The fire room in the tests.

pictures in Figure 2a to c. Flashover was induced in the model room to drive flame out of the opening.
The window jet would then act on the upper fagade.

Note that a smaller room was used in some testing standards [11-15] as in Figure 3. But in this
design, it is difficult to control the window jet. This is different from the arrangement designed in testing
fagade in this paper based on a method developed before [8—10].

In this arrangement, the room fire was set up by a gasoline pool fire. This is different from burning
wood cribs as in the literature [11-15]. This will give a more uniform heat release rate in the post-
flashover room fire. A fan was placed at the back as in Figure 2b to drive the hot flame out of the
opening when necessary as in Figure 2c.
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Figure 3. New tests proposed in GB (2013).

Table 1. Full-scale experiments.

Test number | Cavity depth / m
DSN-1
DSN-2 2
DSN-3
DSN-4
DSN-5 1.5
DSN-6
DSN-7
DSN-8 1.0
DSN-9

FULL-SCALE BURNING TESTS

Experiments were focused on studying air temperatures at positions adjacent to the interior and exterior
pane of the facade cavity. Measured data on air temperatures would be more accurate in understanding
the air flow pattern. Results on the relative air temperatures adjacent to the two panes are useful for
justifying the identified fire hazard.

Nine full-scale burning tests carried out in the experimental rig will be reported in this presentation.
These tests are labeled DSN-1 to DSN-9. All three side walls of the facade were enclosed.

The cavity depths were built as 2m, 1.5 m and 1 m. A summary of the testing conditions is shown in
Table 1. Tests DSN-1 to DSN-3 were for cavity depth of 2 m, DSN-4 to DSN-6 for 1.5 m and DSN-7 to
DSN-9 for 1 m, all three sides were enclosed by glass.

A fire chamber was placed at the fire room as shown in the figure. The pool fire at the fire chamber
was 0.81 m in diameter with 10,000 ml of gasoline. The heat release rate of the pool fire was measured
separately while burning by itself in the oxygen consumption calorimeter.

03007-p.4



1* International Seminar for Fire Safety of Facades, Paris (France), 2013

£ 40,

= AT=T,T

|z] 304 B A

[0

g 201

£ 104

©

(0]

5 04

s 0 00 400 600 800

g -10 Time /s

E’ -204

(a) Al and B1
&) ) &) ) ;
s 10 Time /s o 50 Time /s
'E 0+t T . fA . '21 0 .
[ 200 4 600 800 o 800
g -10+ E -50
£ .20 £ -1001
© ©
(0] [0
2 .30 5 -1504
g g
o -40- o -200-
£ g
kS -504 @ -250-
(b) A10 and B10 (c) A16 and B16

Figure 4. Temperature difference at high, middle and low levels for test DSN-1.

RESULTS

Air temperature difference AT between the values 74 and 7p measured at positions near to

exterior (A) and interior (B) panes are given by the following equation in studying the three fire
hazards:

AT =T — T4 (1)

Details of the testing results are described by Chow [2, 6, 7]. Typical results on air temperature difference

AT for DSN-1 at high level (A1l and B1), middle level (A10 and B10), and low level (A16 and B16) are
shown in Figure 4.

Test results for each condition on cavity depth, fire size, fan operation and others are consistent,
repeatability of the experiment is consistent. Air temperature difference between thermocouples next to
interior and exterior at same heights are similar for cavity depth of 1 m.

FIRE HAZARD OF DSF

Average air temperature profiles next to the interior and exterior panes for the 9 tests are plotted in
Figure 5. It is observed that air temperatures next to the interior pane are higher than the ones next to
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Figure 5. Vertical air temperature profiles for the 9 tests.

the exterior pane. It can be explained as proposed earlier [2, 3] with a practical presentation shown in
Figure 6 as following:

Window flame plume [16, 17] driven out by the room flashover fire acted on the exterior pane first.
However, air entrainment at upper level is higher than at the lower part of the plume. Therefore, flame
plume detached from the exterior pane. Eventually, the flame diverted to act on the upper level of the
interior pane.

These observations are clearly indicated by the vertical temperature profiles of tests DSN-1 to DSN-
6 with cavity depths of 2m and 1.5m [2, 6, 7] as shown in Figure 5a to f.

The above findings are very useful for designing fire safety provisions of DSF. The possible hazard
is highlighted in Figure 6 which may occur inside the facade cavity for normal cavity depth.
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Figure 6. Possible flame spread for normal cavity depth proposed earlier by Chow (2009).

CONCLUSION

The possible hazard that may occur inside the fagade cavity in case of a room fire was reported
qualitatively in this paper. The fagade cavity depth of a DSF is proposed to be a key factor for fire
hazards.
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The experimental data can be applied to derive empirical equations on correlating the air temperature
in the air cavity with other key parameters such as the facade cavity depth. The results can be used for
setting up codes or acceptance criteria on performance-based design [18] for protecting against DSF
fires. Finally, this is a presentation reporting the DSF fire tests carried out in the past years. All the
experimental details and raw data had been reported in the literature [2, 6, 7].
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