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Abstract. This study investigates five fire stop variants used to limit the spread of
fire on wooden fagades. For this purpose, five fire tests using various types of woo-
den fagade claddings and different fire stops were conducted as full-scale tests and
compared to the existing findings. The influences and interactions between the mate-
rial qualities of the external wall behind the facade cladding, the construction type of
the wooden fagade cladding, the design of the substructure, the depth of the ventila-
tion gap, and the design of the fire stops were investigated. In evaluating the fire
stops, the design of the interior corners, the joint design, and the influence of thermal
expansion were examined. Finally, design proposals for the design of fire stops at
wooden fagades in order to limit the spread of fire were derived based on this evalua-
tion. The outlook presents further needs that need to be investigated in the future in
order to clarify undiscussed aspects or points that were ultimately not evaluated
within the scope of this study.
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1. Introduction

The planning and execution of aesthetic fagade constructions has always been an
essential aspect of good architectural design. As a result, the building envelope is
the first thing that catches the eyes of the viewers, i.e., the face of a building.

Wood material can be used to create aesthetic fagades. Therefore, there is a
great demand for feasible and safe wooden fagades, even on tall buildings. Fur-
thermore, timber is the world’s leading renewable building material and is one of
the key materials for the development of sustainable construction solutions. In the
construction industry, timber can make a significant contribution to both the nec-
essary decarbonization and the targeted use of renewable raw materials [1, 2].

However, concerns about the use of wood as a building material relate to the
fact that wood is a combustible material. The potentially uncontrolled spread of
fire through the fagade is one of the key risks in the event of a fire. Ignoring the
existing fire design principles usually results in fire incidents with an enormous
degree of damage, regardless of the building material. Examples include the Gren-
fell Tower fire in UK [3] or, most recently, the fire in Ulsan, South Korea [4].

2. Basics of Design
2.1. Differentiation Between Facade and External Wall

This article describes structural measures used for fire-safe wooden fagades. In this
context, the fagade refers to the building envelope. This does not include the exte-
rior wall, which separates the interior space of a building from the surroundings.
Figure 1 represents the fagade and substructure and the actual external wall

(gray).

2.2. Types of Wooden Facades

Wooden facades can be used in various constructive designs, as shown in Fig. 1.

In most cases, wooden fagades are designed as rear-ventilated fagades by virtue
of the requirements for weather and moisture protection [5]. This constructive
design helps to remove moisture that has penetrated from the outside and conden-
sation that has formed, which ensures durability [6, 7]. Regarding ventilated
fagades, a distinction is made between fully rear-ventilated facade claddings (open
at the top and bottom) and merely partially rear-ventilated facade claddings, as
shown in Fig. 1. Non-rear-ventilated wooden fagade claddings are less common
because of the aforementioned durability aspects.

However, rear-ventilated facade claddings represent the most critical case with
respect to the fire safety of wooden fagades. In comparison to non-combustible
ventilated fagades [8], the existence of a rear-ventilated void cavity and the pres-
ence of wood as combustible material can greatly increase the propagation of fire
within the ventilated cavity [9—11]. Therefore, the focus of this study is on the fire
safety of wooden claddings in rear-ventilated fagcade systems.

Another important influencing factor is the various types of cladding used in
rear-ventilated wooden facades. Table 6 shows the common types of cladding typ-
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Figure 1. Overview of structural designs of wooden facades.

ically used in practice. The types shown in Table 6 range from closed fagades
(closed fagade surface, e.g., wood-based panels) to open designed fagades (no
closed fagade surface, e.g., open cladding). Figures 23 and 24 of the appendix
show actual examples.

2.3. Basics Regarding the Spread of Fire on Wooden Facades

Fully rear-ventilated, partially rear-ventilated, and non-ventilated wooden fagades
have been used for some time, even on taller buildings. In this case, special con-
structive fire protection measures must be taken in order to prevent or limit the
contribution of the fagade cladding to fire spreading from story to story. Within
this context, ventilated wooden fagades in particular represent the most critical
design case. Studies that directly compared non-ventilated and ventilated wooden
facades concluded that wooden claddings with rear-ventilated cavities released
almost twice as much energy as wooden fagade claddings without rear-ventilated
cavities, thus resulting in more severe flame formation and accelerated fire spread
[9, 11, 12].

Numerous research projects have identified fire stops as essential design mea-
sures in limiting the spread of fire on wooden fagades to an acceptable level [13—
20].

Hietaniemi et al. [11] have summarized the results of several studies. When
there are fire stops in the rear-ventilated cavity, the fire propagation speed is
halved to about 20 cm/min from the speed of 40 cm/min, which corresponds to an
open fully rear-ventilated cavity [11, 12].

The spread of fire on wooden fagades can be effectively limited by means of
horizontal fire stops (projections) which break the continuous wooden cladding
and ventilation cavity in separate areas. Typically, horizontal fire stops (usually
made of steel sheet, wood, or mineral building materials—as shown in Fig. 2) are
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Figure 2. Schematic illustration of typical horizontal fire stops
(projections).

executed on each story at the level of the floor slabs and over the entire fagade.
The dimensions and design of the horizontal projection in front of the fagade
cladding primarily depend on the type of fagade cladding used (as shown in
Table 6) [13, 14].

The spread of fire in interior corners of wooden fagades should be limited by
special measures, such as horizontal fire stops with a larger horizontal projection
in front of the facade cladding, or by using non-combustible fagade claddings in
the area of the interior corners [13, 14].

Another alternative for preventing the spread of fire at the fagade is to use pro-
jecting non-combustible panels or slabs above openings. These projections deflect
the fire plume away from the fagade [21-24]. This solution is often used in high-
rise buildings [25] but restricts the architectural design options for the fagade.

2.4. Analysis Existing Experimental Investigations

The fire safety of wooden fagades was investigated by the Swiss Lignum research
group as part of an experimental campaign in the early 2000s.

33 fagade fire tests using various wooden fagade claddings and different struc-
tural fire protection measures were conducted at MFPA in Leipzig, Germany, but
the results were never fully published. The face of the test stand had a height of
8.3 m and a width of 3.3 m and was made of masonry. The influence of an inte-
rior corner was investigated via four tests. In the MFPA set-up, the main face of
the test stand had a width of 2.4 m and the return wall (wing) had a width of
1.4 m. The combustion chamber was located at the bottom of the main wing. A
50 kg wooden crib was used as the fire load in 27 of the tests, and a 25 kg woo-
den crib in two of the tests. The 25 kg wooden cribs were used in conjunction
with a corner application of the walls.

In addition, six real-scale fire experiments were performed in a vacant building
in Merkers, Germany which was lined with wooden fagade claddings (about
700 m?). The experiments sought to validate the results of the aforementioned fire
tests on an actual building using realistic fire loads [13]. An experiment with a fire
source outside of the building in front the fagade (100 kg wood crib), a balcony



Structural Means for Fire-Safe Wooden Facade Design 121

Table 1
Minimum Projection of Horizontal Fire Stops Depending on the Type
of Cladding [15]

Overhang/projection depth of the hori-
zontal fire stop

Wood or
Depth of the venti-  Sheet steel or mineral- wood-based
Cladding type Orientation lation cavity bonded panels material
Wood-based panels  Horizontal or < 100 mm > 10 mm > 20 mm
vertical without® without®
Form-fit paneling Horizontal or < 100 mm > 10 mm > 20 mm
and cladding vertical without® without®
Profile with tongue
and groove
Force-fit paneling Horizontal < 50 mm > 10 mm > 20 mm
and cladding without® without®
< 100 mm 2> 50 mm 2> 50 mm
> 10 mm* > 20 mm*
without” without”
Vertical < 100 mm 2> 100 mm > 100 mm
> 50 mm* > 50 mm*
without® without®
Open cladding Horizontal < 50 mm > 50 mm* > 50 mm*
Strip cladding > 100 mm*© > 100 mm*©
Cover cladding Vertical < 100 mm > 200 mm > 200 mm

Inverting cladding
Cover strip cladding

#Cladding of oak, sweet chestnut, robinia, elm
Only for partly ventilated (not fully ventilated)
“Joint between boards < 10 mm, otherwise fire stop = 200 mm

fire experiment (150 kg wood crib), and four compartment fires with wooden cribs
(fuel load density 600 MJ/m? and 800 MJ/m? respectively) were conducted.

These real-scale fire experiments confirmed that the various structural measures
investigated in the 33 fire tests that effectively limit the spread of fire can also be
applied to actual buildings. It was thus concluded that the overall findings from
the facade tests could be transferred to real buildings for further application. It
should be noted, however, that only fire stops made of steel sheet were used in the
real-scale fire experiments.

Following evaluation and interpretation of the results, the structural fire safety
measures were published in [13]. An overview of the findings is summarized in
Table 1 for buildings of medium height (> 11 m; < 30 m total height).

Specific regulations are presented herein along with the full documentation for
facades with window bands, fagades with single balconies in timber construction,
and for other construction types [13].
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Figure 3. Diagram showing the test duration in minute at which the
facade fire tests were extingvished.

Design solutions for the interior corners of fagades with wooden claddings are
also presented in [13]. In these areas, the overhang of the horizontal fire stop is
recommended to be at least twice the projection of the standard case, which is
typically in the range of 150 mm-300 mm.

The wooden facades investigated were extinguished after an average time of
24 min. The basis for this approach was the assumption in [26], in which it was
interpreted that the fire service arrives on side after a period of 15 min, so the
spread of fire on the fagade over a longer period need not be investigated. For
this reason, the fire was always extinguished after 15 or 20 min, but a longer
exposure time was also considered in individual cases [13]. Figure 3 shows the rel-
evant test durations after which the facades were extinguished; only fire tests on
fagades with wooden claddings are shown.

Based on the results of the Lignum fire tests, the fire behavior of wooden
fagcades can be reliably assessed up to a fire duration of about 20 min. No state-
ments can be made about the behavior of wooden fagades exposed to fire for
longer durations. Therefore, further investigations were needed regarding whether
the design measures developed in [13] can effectively limit the spread of fire in the
event of longer fire exposures. A study of wooden fagades in Sweden found that,
in wooden fagades with a rear-ventilated cavity, the spread of fire in the rear ven-
tilation cavity increases sharply from 10 min onwards. This result supports the
aforementioned concern [9].

Based on the Swiss results, an Austrian research team investigated five further
wooden fagade systems and fire stops on a facade test stand in accordance with
ONORM B 3800-5 [16, 27]. In summary, the results reflected the following find-
ings [14] (Table 2).

Five variations of a fire-safe design are presented for interior corners. Depend-
ing on the type of cladding and the distances to window openings, these show
projections for horizontal fire stops of 100 mm—-300 mm in the interior corner.
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Table 2
Dimensions of the Overhang/Projection for Fire Stops Depending on
the Type of Cladding [14]

Cladding type Material fire stop Overhang

All exterior wall cladding including open cladding (vertical and Steel sheet > 200 mm
horizontal) with the following conditions: Timber with sheet

Board 2 20 mm x 70 mm metal covering

Joint < 10 mm Timber d > 40 mm

Form-fit paneling and cladding, force-fit paneling and cladding, Steel sheet > 100 mm
wood-based panels Timber with sheet

metal covering

Table 3

Dimensions of the Overhang of Fire Stops According to the Type of
Cladding and the Material of the External Wall Behind the Wooden
Facade [19]

Overhang of the fire stop for

Horizontal Vertical
Thickness Materiality of the lining behind the woo-  Panel with wood clad- wood clad-
cladding den facade (surface of the external wall) closed joints ding ding
>26 mm® Non-combustible > 150 mm*® > 150 mm° > 200 mm°®
Stone wool > 150 mm*© > 150 mm° > 250 mm*©

18- Non-combustible >200 mm® — —

22 mm?
20— Non-combustible — > 200 mm"® > 200 mm®

22 mm?

#For untreated wood
PReinforced fire stop made of wood with sheet metal covering
“Steel sheet or wood with sheet metal covering possible for fire stops

According to the Austrian design rules, it is permitted to omit fire stops
between the penultimate story and the last story [14].

A French research team also investigated the behavior of wooden fagades [17—
20] in the case of fire. The investigations in France were the basis for the French
fagade guide for wooden fagades [19]. In comparative studies, it was shown that
fire stops delay the temperature increase into the rear-ventilation cavity for almost
10 min [18]. The specifications from [19] are summarized below. The guideline
requires mounting the fire stops to the structural wall with a fixation spacing of
no greater than 500 mm (Table 3).
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3. Large-Scale Fire Tests

3.1. Aim of the Study

The aim of the testing was to investigate the spread of fire on wooden fagades
outside the primary fire plume of the window opening. Guidance on the design
and choice of relevant fire stops was furthermore derived from the tests.

The burning of the wooden fagade in the primary fire area is unavoidable and
must therefore be accepted. The vertical spread of fire must nevertheless be lim-
ited. There should be no further uncontrolled fire spread outside of the flame
from the primary fire.

Depending on the flame height, the flames can overrun several fire stops [28]. In
typical room fires, as evidenced by studies of real fire incidents and fire tests, aver-
age flame heights of between 2.0 m and 4.5 m and flame peaks up to 6.0 m out-
side the opening can be expected. This depends on the fuel load, room geometry,
ventilation conditions, opening geometry, and wind conditions [24, 29, 30]. The
fire stop above the fire plume represents the relevant measure for limiting the
spread of fire, as shown in Fig. 4.

Given that the burning of the wooden facade in the primary fire area is
unavoidable, the size of the resulting flame from an internal fire (e.g., from a win-
dow opening in a compartment fire) or an external fire (e.g., from a fire that
occurs outside of the building in front of the fagade) played no role in this investi-
gation. For both scenarios, the governing factor is the fire propagation along the
wooden fagade above the primary flame. The aim was to obtain approaches for
evaluating the fire stop above the primary flame.

Crucial for the following investigation is the degree of effectiveness of the con-
structive fire stops and protection measures. Of importance are:

— Whether or not the fire stop can limit the vertical and horizontal spread of fire
outside the area of the fire plume coming from the window opening

— Whether or not self-extinction at the fagcade occurs after the compartment fire is
be extinguished

— Whether or not the spread of fire can be delayed by the fire safety measures.

The primary focus herein is on the vertical spread of fire, because the Swiss
studies have already shown that the horizontal spread of fire occurs only to a very
small extent at wooden fagades [13].

3.2. Test Set-up

For reasons of repeatability and reproducibility, the tests were performed on a
fagade test stand based on German standard DIN 4102-20 [31]. This test method
considers a fire exposure via a combustion chamber with a 30 kg wooden crib, as
shown in Fig. 5. Although the thermal exposure of a 30 kg wooden crib is not
entirely equivalent to that of a flame coming from a window opening in a fully
developed compartment fire, a similar thermal exposure occurs at the fagade in
the area of the flame tip and above the lintel of the opening [28, 29]. For this rea-
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Figure 4. Various fire scenarious at the facade and representation of
the relevant fire stop for a wooden facades.

son, the test method was suitable for investigating fire propagation outside the
primary fire plume at the flame tip.

A two-layer lining of 18 mm gypsum boards type F was used as the exterior
face of the test stand, and the respective facade claddings being tested were moun-
ted upon it. The dimensions of the test stand and the position of the fire stops are
shown in Fig. 5. To exclude an early failure of the fire stops, the fixation of any
fire stop was anchored into the structural timber elements behind the gypsum lin-
ing [32].

As a fire load, 30 (£ 1.5) kg of wooden cribs made of planed spruce timber
with a density of 475 (& 25) kg/m® and a wood moisture content of 12.4% were
arranged in the form of 40 (£ 2) x 40 (£ 2) x 500 (£ 10) mm sticks in staggered
layers with a crosswise arrangement (90°) at a wood-to-air ratio of 1:1 in the com-
bustion chamber. The base area of the wooden cribs was 500 x 500 mm.

The combustion chamber (1.0 m wide and 0.8 m deep) was built from aerated
concrete blocks, and a rectangular opening with dimensions 300 x 250 mm
(w x h) corresponding to an area of 0.075 m? was arranged at the backside for a
mechanical ventilation of the crib, as shown in Fig. 5.

Due to the standardized test set-up, only facade fires spreading over one and a
half stories can be investigated. It is known from studies on parallel room fires
over two superimposed stories that the plume and the flame height increase [33,
34]. The same phenomenon can be expected in the case of a fagade fire over sev-
eral stories. In view of the unpublished test reports from Switzerland, it can be
seen that, in the case of a fire spreading over the fire stops, parts of the wooden
facade of the story below are already burned down. This leads to the conclusion
that the test method was adequate for a basic investigation.
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Figure 5. Facade test stand with dimensions and measvuring points;
unit of dimensions [m].

3.3. Measurements

16 sheathed thermocouples of type K according to EN 60584-1 [35] with an outer
diameter of 3 mm were arranged on the test rig for temperature measurement, as
shown in Fig. 5. The thermocouples were guided through a hole from the rear of
the test stand onto the facade and fixed either in the rear ventilation cavity or on
the surface of the facade by means of wire. They were positioned centrally in the
rear-ventilated void cavity or at a distance of 20 mm from the fagade cladding
[32]. Figures 5 and 6 show the positions of the thermocouples.

All sheathed thermocouples were orientated horizontally along the fagade at
> 130 mm parallel to the isotherm in order to enable a correct temperature mea-
surement.

In addition, all tests were recorded using a video camera and thermal imaging
camera.
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1 Ventilation cavity
2 External wall
claddings

3 Thermocouple
3 outside

4 Thermocouple
20‘ ventilation cavity

Figure 6. Description of the temperature measuring points [in mm].

3.4. Specimen

The individual experimental set-ups are shown in Table 4.

3.5. Test Procedure

The tests were performed on a wind-protected outdoor test stand. The corre-
sponding weather data are provided in Table 7 of the appendix.

An overpressure ventilation in the combustion chamber was enabled by a fan
located at the rear side and started 120 s after ignition.

The flame spread over the individual fire stops was reported with an indication
of the time based on the observations and measurements. The tests were stopped
when the second fire stop was exceeded or the flames reached the upper end of the
test stand.

4. Resvulis

Table 5 shows, for each test, the point in time at which: (i) the flame coming from
the combustion chamber evenly impinged the fagade, (ii) the first fire stop or the
second fire stop was exceeded, and (iii) the test was stopped and the fire extin-
guished. In addition, the test observations with regard to any horizontal fire
spread and self-extinction of the fagade cladding are presented in Table 5. The
observations from each test are briefly summarized in the following. Also shown
are the temperature—time curve of measuring points 3, 4, 10, and 11, which were
located in the centerline directly above the combustion chamber according to
Fig. 5 in addition to at least one image of the respective fagade immediately
before extinguishing (end of test).



Fire Technology 2023

128

wuw ¢z9 Jo Supeds

%81 B yIM (Ww 0§ X 4T xipuadde oy jo ¢z ‘814
aImnjsIow poom yova) sualjeq donids 998 “ (ww 9] X ¢g) donids
(ww zg) [eIUOZIIOY pPUE [BD Jo apew spreoq/Surppe[d
6 231 SOX ON %0°€T ww ()0f ww (f pIeoq Iaquur], ww gy -NIA YIM Sulyie sso1) 9A001F pue anJuo) [BINIIA [8¢] €
ww ¢z9 Jo 3ueds (ww g1 X $7)
Oy B pm (W 05 X $7) 2onads Jo opew spreoq
§ a3 SOA SOA %L1l wu 00 wuw 00| ww 7) 129ys [991§ wuw g sua)eq 20nIds [RONIIA /SUIppR[d PajiaAul [RIUOZLIOH [Lelc
ur &
Jo Sy v p
dojs aa1f auo AquQ
wu 4 01 K1Aed xipuadde aq)
PIOA PAIRINUIA 18I JO 67 "S14 09s ‘(W 9] X §7)
) paIWI] YIIYM ww §z9 jo Suoeds 2onuds jo apew
‘(ww oF X 07) B M (W (S X $7) spieoq /SUIppe|d 940013
L 31 SOA SOA DARAI wuw §z9 — ud)eq [RIUOZLIOH wuw g sua)Ieq 2onids [BONIIA pue anguo) [RIuoZLIOH [o€] 1
S (8T 'S14) Joquueyd Suippep sdoys sdoys a1y (g "S19) sdois axrg Kiaed amjonnsqng SurppeD) 1891,
IS 10109[JOP UIRY uonsnquIod Ay} JULIU0D Ay SueyIAQ uonemuaa ydoq
Jo $a3pa 1910 armisiowr Suroeds
oY) 1e Surul Poom JRENEIN

[29ADI MOPUIAY

sdn-jog |pjuswmiadxz [PnpiAlpu] 3y} jo uondisaqg

P 3qpL



129

Structural Means for Fire-Safe Wooden Facade Design

[ 1S9 Ul Se ‘(W 9] X ) SUIPPR[d 940013 pue anFuo) prej A[[RIUOZLIOY YIIM Pau

[[EMAPIS JUOR(PE ) PuE 19U100 IoLdIUI Y} Ju padoeyd a1om sdojs 1y ON

SEM [[BM 19UI00 Y,

wuw ¢z9 Jo 3ueds
e IM (W (g X g

yoed) sudjieq sonids

yoed ww ()] spIeoq

() UQIMIOG AOURISIP AL,

Py [BIUOZLIOY pu® [B (ww 001 X gg) 2onids jo
11 2gig SOA ON %0°T1 wur )¢ wu (57 wu ) 1907 [2)§ wuw gy -19A M Suryle| sso1) apew Surppepo uado [eorIaA [ov] s
q(Ww gy X 9¢)
uaeq ww ¢z9 jo Suords
Joqun ® £q A101s e UM (W (g X ¢ xipuadde o) jo
yoea jo pua doy ayy [oea) suayeq donids ST 814 298 ‘(ww 9] x §7)
B Pasopd sem AJIARD [eIuOZLIOY pUR [BD Qonuds jo apewr Surppe
01 231 SAA SOA %8'TI wuw §z9 - PAIR[IIUDA 18I A ], wuw g -1IA M SuryIe| $S01D) 9A0013 pue anuo) [BINIIA [6€] ¥
Iequieyd
uonsnquiod Ay} Surppepo sdois
Jo sagpa 1010 JuUOd ary
(8T 819) a1 e Suruy amjsiow Suroeds sdoys a1y K1aeo
amsig 3)1s 10100Jap Urey [B2ADT MOPUIA poom Ma10§  SueyloaQ (s "81) sdoys a1y wonemuaa yidoq aImjonnsqng Surppe)) 19
ponuiuod

P 3qpL



Fire Technology 2023

130

Figure 7. Vertical section and photo of the facade structure with

visuvalized fire stop in Test 1 [in mm].
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Figure 8. Vertical section and photo of the facade structure in Test 2
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Figure 9. Vertical section and photo of the facade structure in Test 3
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Figure 10. Vertical section and photo of the facade structure in Test
4 [in mm].



132 Fire Technology 2023

{- T 250

t[+[24]24]22

Figure 11. Vertical section and photo of the facade structure in Test
5 [in mm].

4.1. Test 1

As per Sect. 3.4, only one fire stop at a height of 3 m from the lower edge of the
test stand was installed. This fire stop was exceeded after 40:00 min and the test
ended after 47:00 min. No horizontal fire spread was observed during the test, as
shown in Fig. 12. A self-extinction did not occur.

4.2. Test 2

The first charring above the first fire stop resulting from the flames coming from
the combustion chamber was detected after 02:00 min, but the fagade above the
first fire stop did not exhibit flaming combustion. The test was stopped after
46:30 min; self-extinction occurred. A horizontal spread of fire and charring of the
fagade cladding was only detected below the first fire stop due to the horizontal
deflection of the flames, as shown in Fig. 13.

4.3. Test 3

After 01:40 min in Test 3, it was apparent that the first fire stop (overhanging
wooden board) could no longer exclude a burning of the wooden cladding above
the fire stop for the flame coming from the combustion chamber. Burning above
the second fire stop was observed after 27:30 min. The test was terminated after
30:00 min because the flames reached the upper edge of the test stand. No self-ex-
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Figure 12. Temperature-time diagram for measuring points [mp] 3,
4, 10, and 11 and a photo of Test 1 at minute 47.
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Figure 13. Temperature-time diagram for measuring points [mp] 3,
4, 10, and 11 and a photo of Test 2 at minute 46.

tinction occurred. An obvious horizontal fire spread was observed directly in the
area of each of the wooden fire stops, as shown in Fig. 14.

4.4. Test 4

In Test 4, with a closed rear-ventilated cavity at the top end of each story, the
first fire stop exhibited no protection ability after only 01:00 min, and the second
fire stop was no longer able to prevent burning of the wooden cladding above the
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Figure 14. Temperature-time diagram for measuring points [mp] 3,
4, 10, and 11 and a photo of Test 3 at minute 30.
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Figure 15. Temperature-time diagram for measuring points [mp] 3,
4, 10, and 11 and a photo of Test 4 at minute 50.

fire stop after 46:30 min. The test was stopped after 50:00 min. Self-extinction did
not occur. No horizontal spread of fire was detected, as shown in Fig. 15.

4.5. Test 5

The large overhang of the steel sheet fire stop in Test 5 prevented the spread of
fire above the first fire stop for up to 27:00 min, as shown in Fig. 26 of the appen-
dix. The fire spread above the first fire stop was caused by a gap between the steel
sheet fire stop and the wall, through which hot gases rose, and by a deformation/



136 Fire Technology 2023

1000

800

600

400

temprature [°C]

200

time [min]

Figure 16. Temperature-time diagram for measuring points [mp] 3,
4, 10, and 11 and a photo of Test 5 at minute 42.

lifting of the steel sheet fire stop in the direction of the wooden fagade. Due to the
massive burning of the fagade cladding, the second fire stop was first spilled by
the fire in the corner area after 39:30 min. The test was stopped after 42:30 min.
Self-extinction did not occur. Horizontal fire spread was observed in the entire
facade area above the first fire stop, as shown in Fig. 16.

5. Fire Design Measures for Wooden Facades
5.1. General

The aim of this study was to define constructive measures that can prevent or
limit the spread of fire on the wooden facade outside the primary flame area with-
out any premature intervention by fire services. Furthermore, measures which able
to lead to a self-extinction in consideration of the investigated scenarios were also
to be identified.

The design measures described in the following sections can be derived in con-
sideration of the experimental investigations in Sect. 2 and the test conducted in
Sect. 3.

Figure 17 shows the typical structure of a ventilated wooden fagade. Following
the numbering shown in Fig. 17, the respective design principles for these compo-
nents are described below.

5.2. External Wall Lining Behind the Wooden Facade (No. 1)

The outer surface of the external wall (No. 1 in Fig. 17) should be made of non-
combustible building materials. The major influence of the combustibility of the
outer face of the wall forming the inner boundary of the ventilation cavity was
already confirmed in the French investigations [18]. The rear-ventilated void cavity



Structural Means for Fire-Safe Wooden Facade Design 137

@ External wall lining

:\_L - @ Fire stops
3 h @ Void cavity
@ @ Type of facade

Figure 17. Typical structure of a ventilated wooden fagade.

is formed by the wooden fagade on one side and by the outer surface of the exte-
rior wall on the other. If both surfaces are made of combustible materials, the fire
spread will spread much faster within the void cavity and thus reach greater
heights more quickly. A direct comparison of the previously described Test 1 and
an unpublished industrial test [41] with a similar set-up but using wood fiberboard
as the outer surface of the exterior wall also clearly shows this significant influ-
ence, as shown in Fig. 18. It should be noted that the measuring point for the
variant with wood fiberboard was located 650 mm higher. Much higher tempera-
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Figure 18. Temperature-time curve measvred in the rear-ventilated
cavity for combustible and a non-comhustible linings of the outer wall
behind the facade cladding.
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tures occurred even though the measuring point for the variant with wood fiber-
board was farther away from the combustion chamber.

No further fire stops were arranged during the test with the wood fiberboard, so
the test had to be stopped after only 31 min, after which the flames had reached
the upper end of the test stand.

For light timber frame or mass timber structures, it is recommended to use a layer of
2 x 125 mm or 1 x 18 mm gypsum plasterboard type F or gypsum fiberboard as the
outer face of the external wall elements. Beyond the positive influence on the fagade,
such layers also provide 30 min of encapsulation for the wall elements behind [42].

The typical foils or membranes less than 0.5 mm thick that are required for
weather protection or moisture control on top of the outer gypsum layer (as
shown in Fig. 17) have no negative impact on the aforementioned behavior and,
due to the low total heat of combustion, they make no noteworthy contribution
to the spread of fire inside the ventilation cavity.

5.3. Type of Facade (No. 4) and Ventilation Void Cavity (No. 3)

In view of the available test reports listed in Sect. 2.4 and the findings obtained in
our own investigation, it can be concluded that the fire behavior of a wooden
facade is strongly dependent on the type of cladding and its application. This
means that the type of fagade in combination with the design of the substructure
and ventilation cavity has a great influence on the spread of fire along the facade
and, therefore, on the performance of fire stops.

In general, it was seen that a closed fagade cladding design and reducing the
depth of the rear-ventilation cavity resulted in improved fagade performance with
regard to fire spread. It can thus be stated that the types of fagade claddings listed
in Table 6—from top to bottom—should be assessed more critically from a fire
safety point of view. This ranking also applies to the horizontal spread of fire.
Looking at Table 5, it can be stated that a horizontal fire spread outside the fire
stops was only observed for open fagade claddings.

A panel cladding designed as a completely closed system represents the best
design with regard to vertical and horizontal fire spread, and a vertical open clad-
ding with four-sided fire exposure at the cladding thus represents the worst variant.

The spread of fire on open claddings exposed to fire on four sides is well illus-
trated by the experiments regarding vertical and horizontal fire propagation in
[43]. The horizontal fire spread increased significantly at a smaller spacing. How-
ever, the vertical fire spread was significantly greater than the horizontal in all of
the investigational set-ups.

The decisive factor with respect to the spread of fire is the degree of the thermal
induced formation of gaps for the fagade cladding. In all of the tests conducted,
faster fire spread was observed after the first gaps appeared in the cladding
towards the rear-ventilation cavity in the area of the primary flame, because the
cladding was exposed to fire on two sides and sufficient oxygen was available.
Regarding to the overall fire behavior, form-fit claddings with, e.g., tongue-and-
groove joints which prevent continuous gaps for a longer fire duration typically
behave better than force-fit claddings, especially when thermal deformation and
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Table 6
Overhang x Depending on the Various Types of Cladding for Wooden
Facades

Overhang  Overhang X in interior

Cladding type Scheme Orientation X corner
Closed fagcades
Wood-based panels Horizontal or > 50 mm > 150 mm
vertical
Form-fit paneling and L .. | Horizontal > 50 mm > 150 mm
cladding :
I-| o
|

Profile with tongue and ————  Vertical > 100 mm > 150 mm
groove )
~ e
I E—]
Force-fit paneling and i',. 4 Horizontal > 100 mm > 150 mm
clad-ding |
|
L b
i 4
L O Vertical > 150 mm =200 mm
B LN
Open facades )
Open cladding O Horizontal >200 mm > 250 mm
Strip cladding q
[
[
1
Cover cladding —t——= Vertical 2250 mm =250 mm
Inverting cladding
Cover strip cladding L&

shrinkage are taken into account. The thickness of the cladding is an essential fac-
tor for the time at which continuing gaps in the fagade cladding over its entire
surface occur. It has already been shown in other studies that the increase in the
thickness of the wooden cladding led to a temporary reduction in the heat release
[17]. Considering the tests performed tests and the test results, claddings with a
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nominal thickness of > 21 mm are recommended. Local reductions can be toler-
ated, but the thickness should not be less than 12 mm. Furthermore, the wooden
cladding should have a minimum density of 350 kg/m".

During the tests, it was also observed that vertically oriented cladding led to a
faster and more severe vertical fire spread than a horizontally oriented cladding.
This outcome can be ascribed to two causes in particular. On the one hand, the
burning rate of wood in the direction of the grain can be assumed to be twice as
high as that perpendicular to the grain [44] and, on the other hand, the additional
substructure (crosswise lathing) in conjunction with the increased ventilated void
cavity also contributes to a faster and a more intensive spread of fire. The reason
for this is that cross-lathing is typically used for vertically arranged wooden clad-
ding. This means that both vertical and horizontal battens are arranged under-
neath the cladding (as shown in Fig. 27 of the appendix), thus increasing the
ventilation cavity to twice the size. The larger cavity and three-sided fire exposure
on the vertically running lathing contributes to a faster spread of fire in the verti-
cal direction and to a more severe exposure at horizontal fire stops.

Based on the tests performed, the ventilation cavity should be limited to a max-
imum depth of 50 mm (cross-lathing with max. 2 x 25 mm). In the case of cross
lathing, the ventilation cavity should be closed at horizontal intervals of no more
than 5 m by doubling up the vertical battening, as shown in Fig. 19.

Furthermore, the ventilation cavity should be fully blocked (width > 50 mm) at
the lateral ends of the facade and the internal corners, as shown in Fig. 20.

Another positive measure gained from the test regarded the reveal lining around
the window opening and the diagonally fixed rain deflector above the window.

S

/ /[

\Doubling up

the cross lathing

N

/ /[

N

Figure 19. Representation of doubling up the cross lathing to avoid
uncontrolled horizontal fire spread in the void cavity.
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Figure 20. Design principle for blocking the lateral ends of the
facade.

Both prevented a direct spread of fire into the ventilated void cavity, as shown in
Fig. 28 of the appendix.

It should also be noted that, after the end of the test, the fagade fires were able
to be extinguished quickly and with little water. No special tactics or equipment
was needed. This confirms the comparative studies on extinguishing techniques on
wooden fagades in [45].

5.4. Fire Stops (No. 2)

The investigations in Sect. 2.3 show that partially rear-ventilated fagades perform
better than fully rear-ventilated fagades with respect to fire spread [11, 12]. This
was also proven as part of the test series presented earlier. The blocking of the
rear-ventilation cavity by timber battens is an effective means of slowing down the
spread of fire along wooden facades. However, self-extinction or a reduction of
the spread of fire across a story level cannot be achieved using this structural mea-
sure alone. Overhanging fire stops arranged at the floor level are more suit-
able with respect to the latter two requirements. As per the Swiss and Austrian
guidance documents [13, 14], fire stops made of steel sheet, timber with sheet
metal covering, and mineral-bonded boards are recommended as horizontal fire
stops. In the current test series, the positive effect of horizontal steel sheets as fire
stops was also confirmed over a longer test period. However, the effect of com-
mon wooden boards as horizontal fire stops (Test 3) could not be confirmed for a
longer test period as part of this test series.

After a certain period, the wooden fire stops contributed to the spread of fire
due to burning themselves and becoming charred through, but they also enlarged
the horizontal affected area exposed by the flames, as shown in Fig. 14 in Test 3.
Considering the tests performed, combustible fire stops, even those with sheet
metal support, are not an effective means of preventing the spread of fire over a
longer period of time.

Fire stops made of mineral-bonded boards were not explicitly investigated in
the full-scale tests. However, challenges surrounding the adequate fixation of the
fire stops were identified in model set-ups [32].
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Composite fire stops made of steel sheets and mineral-based boards might offer
advantages in terms of thermal expansion effects or fixation, but the behavior of
such composite fire stops requires further investigation.

Effective fire stops should be made of steel sheets with a thickness > 2 mm. The
fire stops must tightly fixed to the non-combustible substructure, as shown in
Sect. 5.2, and the fasteners (screws d > 5.0 mm) should be anchored at least
35 mm into the load-bearing structure of the wall behind, as shown in Fig. 29 of
the appendix.

As mentioned in Sect. 5.3, varying fire exposure may occur on the fire stops,
depending on the type of fagade cladding. The three relevant influencing factors
are the design of the fagade cladding, the design of the substructure, and the depth
of the ventilation cavity. Based on the available information in the literature and
the tests performed, the overhang depth x (as shown in Fig. 17 and provided in
Table 6) are recommended. The objective was to prevent a spill by the flames of
the relevant fire stop above the primary flame for a period of > 30 min. Such
behavior offers fire services in particular a chance to fight the fagade fire after the
executing their primary measures (e.g., occupant rescue). The most important effect
on the horizontal fire stop is not the primary flame from the window opening itself,
but rather the extensive burning of the fagade cladding in the relevant story, as is
obvious from Test 5. In principle, self-extinction can also be expected with these
designs after the cladding below the relevant fire stop has charred completely.
However, further tests which also take into account influencing factors like wind
must be performed in order to confirm this point conclusively.

Interior corners have a noticeable influence on the flame height and the result-
ing temperatures in facade fires. This fact has already been demonstrated in a
variety of studies [46]. These effects, which are particularly prominent for com-
bustible wooden fagades, must be considered when designing fire stops in interior
corners. Based on the tests conducted and the information available from the lit-
erature, Table 6 also provides the overhang depth x (according to Fig. 17) for
interior corners. The area of the increased overhang in interior corners should be
at least 1.0 m to each side, as shown in Fig. 22.

During the observations for Test 5, it became obvious that fire spread across
the horizontal fire stop may occur even though no direct exposure by flames
exists, as shown in Figs. 16 and 26 of the appendix. This fact can be explained by
three factors. On the one hand, the steel fire stops expanded under the thermal
exposure, which consequently led to a joint opening in between the screwed spots
of the fire stop, as shown in Fig. 21. The thermal exposure on the above struc-
tural timber elements (timber battens and cladding) increased through these gaps.
Screw spacings of 300-400 mm were used In the five tests. Taking into account
the temperature exposure according to Sect. 4 of about 800 °C and considering an
expansion coefficient for steel of 11 x 10 ® K~ obtains an approximate thermal
expansion in one dimension for a 400 mm spacing of 3.52 mm [47]. This thermal
expansion would, approximately, lead to a gap of about 27 mm depth between the
steel sheet and the outer wall face, which was confirmed by the test evaluation.
Figure 21 shows the fire stop after the test, with reduced deformation but with a
gap still present. In practice, fixation distances of <200 mm are recommended
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Figure 21. View of the fire stop from above with gap caused by
thermal expansion.

I NN
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Figure 22. Representation of the fire stops in the inner corner with
jointless mechanical or welded connection (hatching).

based on the test findings. In addition, in consideration of the effect of thermal
expansion and weather resistance, the fire stops should have 20 mm slotted holes
into which fasteners are inserted centrally. Furthermore, panel joints behind the
fire stops should be avoided, filled, or calked.

The second factor regarding fire propagation across fire stops can also be
attributed to the effect of thermal deformation and the upwards lifting of the steel
sheet fire stops. During Test 5, it was observed that the fire stop, which was sub-
jected to high fire exposure, lifted upward and moved closer to the timber lathing
and the cladding above. The reduced distance and the high temperatures of the
steel sheet fire stops caused a spread of fire to the wooden cladding and the tim-
ber lathing, as shown in Fig. 30 of the appendix. To counteract this effect, sub-
structures and other combustible components should be arranged at a distance of
h > 20 mm (Fig. 17) to the steel sheet fire stops.
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The third factor regarding fire spread without direct fire exposure at the fire stops
can be the result of insufficient joint overlapping along the longitudinal direction of
the fire stops and in the corners. Taking into account the thermal expansion, deflec-
tions and other deformations, the tests showed that a longitudinal overlap of 50 mm
is not sufficient in all cases. For this reason, longitudinal joints in steel sheet fire
stops should be joined mechanically or by welding in a friction-locked and jointless
manner, or they should be designed with a joint overlap of at least 300 mm. In the
area of both sides of interior corners, the fire stops with a length of > 1.0 m should
have the aforementioned friction-locked jointless connections, as shown in Fig. 22.

6. Conclusion and Outlook

The aim of this study was to investigate fire stops on wooden fagades when exposed to
fire over a longer period of time and to evaluate their influence on the spread of fire.
During the research, fire stops made of steel sheet were identified as the most
promising option for reducing the spread of fire. It also seems possible, taking
into account various boundary conditions, that they can be used in the design of
self-extinguishing wooden fagades.
The decisive influencing factors for the dimensioning of the fire stops are:

e The type of the wooden fagade cladding and substructure,
e The depth of the rear-ventilation void cavity, and
e The reaction to fire classification of the outer wall layer behind the wooden fagade.

When designing fire stops for wooden fagades, attention must be paid to the
design of the fastening and the joint formation due to effects such as thermal
expansion in addition to the dimensioning of interior corners.

By taking these parameters into consideration, fire-safe wooden fagades can be
designed regarding the respective fire safety requirements.

In the context of further investigations, other possible types of fagade claddings
should be considered in more detail and should consider a variety of effects, such
as the fire of several floors below the relevant fire stop, as well as wind effects.

Within the scope of this study, only fagade fires with a spread over one and a
half stories were investigated. Further investigations are necessary in order to
reach conclusions about the fire intensity of facade fires over several floors.

In addition, the topics of self-extinction, the fire stop interior corner design, and
the investigation of the performance of composite boards made from steel and
mineral materials represent other areas in need of further research.

The aesthetic appearance of a fagade plays a decisive role in building design
from an architectural point of view. Wide overhanging fire stops will usually be in
conflict with architectural demands. For this reason, design options allowing
architectural demands without reducing the safety level should be developed. In
particular, the consequent further development of active and passive flame deflec-
tors [48] could play a future role in this context.
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Appendix

See Table 7 and Figs. 23, 24, 25, 26, 27, 28, 29 and 30.

Table 7

Weather Data of the Individual Fire Tests

Test Temperature [°C] Air pressure® [hPa] Weather

1 21.0 1023 Sunny

2 27.3 1019 Sunny

3 23.2 1021 Slightly cloudy
4 20.6 1020 Cloudy

5 20.1 1031 Sunny

“Taken from regular data of the German Weather Service

Figure 23.

Figure 24.

Facade as vertical cover strip cladding.

Facade as vertical tongue and groove cladding.

=
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Figure 25.
and groove cladding [in mm].

Figure 26. Photo of Test 5 at minute 28.
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(a)

Figure 27. Substructure as a vertical or b cross-lathing.

Figure 28. Reveal lining and rain deflector site.

Figure 29. Anchorage depth of the screw for fixing the fire stops [in
mm].



148 Fire Technology 2023

Begin of
charring

Figure 30. Onset of charring on the substructure in Test 2.
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