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Abstract. This paper presents the fire resistance results of 6 full-scale exterior wall
assemblies study conducted at the National Research Council of Canada jointly with

the North American construction industry and other Canadian government depart-
ments. The parameters investigated include: cavity insulation types (rock, glass and
cellulose fibre) in exterior wall assemblies with oriented strand board sheathing; cav-

ity insulation types (glass fibre and cellulose fibre) in exterior wall assemblies with
Type X gypsum glass mat sheathing; and assemblies with different screw spacing of
standard 400 mm o.c. and non-standard 200 mm o.c. for attaching the Type X gyp-

sum board on the fire-exposed side and glass mat sheathing board on unexposed side
to wood studs using glass fibre insulation in wall cavity. The impact of the investi-
gated parameters on the fire resistance of exterior wall assemblies is discussed. Also,
Further research recommendations on design changes to enhance the fire resistance of

exterior wall assemblies are proposed. Results of the parameters studied showed that
the effect of insulation types on the fire resistance of exterior wall assemblies with
OSB sheathing can be considered significant when gypsum board on the fire-exposed

side is attached to wood studs with screws spaced at 406 mm o.c., however, the effect
insulation types on fire resistance when the gypsum board on fire-exposed side and
gypsum glass mat sheathing are attached to wood studs with screw spaced at 203 mm

o.c. can be considered insignificant. Also, results showed the use of non-standard
screw spacing at 203 mm o.c. for attaching the gypsum board on the fire-exposed
side increased the fire resistance by 37% compared to screw spacing at 406 mm o.c.
Therefore, the effect of screw spacing on the fire resistance of exterior wall is signifi-

cant.

Keywords: Fire resistance, Exterior walls, Wood stud, OSB, Glass mat, Rock, Glass, Cellulose

1. Introduction

In designing exterior wall assembly to comply with the building code requirements
for fire resistance ratings, the construction industry has some options for consider-
ations such as conducting a fire resistance test to show compliance with code
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requirements or selecting an assembly from testing laboratories listing directories
or selecting an assembly from the National Building Code of Canada (NBC) [1]
Part 9 buildings tables. The NBC’s Table 9.10.3.1-A on walls lists over 400 walls
and Table 9.10.3.1-B on floors lists over 700 floor assemblies with fire resistance
ratings (FRR), loaded and non-loaded, and sound transmission classification
(STC) ratings for assemblies constructed with generic materials. These listings of
walls and floors assemblies are based on results of tests and engineering judge-
ments and only for use in NBC Part 9 housing and small buildings. The current
2015 NBC code lists exterior walls assemblies constructed with wood studs and
either rock or glass fibre insulations in wall cavity. There are needs to examine the
exterior wall listed assemblies with 45-min and 1-h fire resistance ratings to insure
the ratings comply with the current construction industry practices and available
materials and also to add a new set of exterior wall assemblies with cellulose fibre
insulation to provide the users with insulation options. These needs warranted the
initiation of a new Joint Research Project (JRP) in 2017 between NRC, the North
American construction industry and other Canadian government departments.
The research goal was to generate experimental data on the effect of different
design parameters on the fire resistance performance of exterior walls to support
possible 2020 code changes in NBC Part 9 on Housing and Small Buildings.

2. Parameters Investigated

To develop data to support 2020 NBC code changes for exterior walls, this study
focused on the parameters that could affect the fire resistance performance of
exterior walls assemblies such as the type of insulation for exterior wall assemblies
with either OSB sheathing and screws spaced at 406 mm o.c. or gypsum glass mat
sheathing with screws spaced at 203 mm o.c. and the screw spacing methods for
attaching the gypsum board to wood studs.

The design parameters investigated in this study are as follows:

1. Effect of wall cavity insulation types: glass fibre, rock fibre and sprayed cellu-
lose fibre (water-adhesive-based mixture) on the fire resistance of exterior wall
assemblies using standard screw spacing of 406 mm o.c. for attaching one layer
of Type X gypsum board, 15.9 mm thick, on the fire-exposed side to wood
studs and standard screw spacing of 300 mm o.c. in the board field and
150 mm o.c. along board edges for attaching one layer of Oriented Strand
Board (OSB) sheathing, 11.1 mm thick, on unexposed side to wood studs
(Assemblies 1, 3 and 5),

2. Effect of wall cavity insulation types: glass fibre and dry-blown cellulose fibre
on the fire resistance of exterior wall assemblies using a non-standard screw
spacing of 203 mm o.c. for attaching both one layer of Type X gypsum,
15.9 mm thick, on the fire-exposed side and one layer of Type X gypsum glass
mat sheathing, 15.9 mm thick, on unexposed side to wood studs (Assemblies 4
and 6), and
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3. Effect of screw spacing: non-standard of 203 mm o.c. versus standard of
406 mm o.c. on the fire resistance of exterior wall assemblies for attaching both
one layer of Type X gypsum board on the fire-exposed side and one layer of
Type X gypsum glass mat sheathing, 15.9 mm thick, on unexposed side to
wood studs (Assemblies 2 and 6).

3. Assemblies’ Materials

Type X gypsum board, 15.9 mm thick, conforming to requirements of the ASTM
C1396/C1177M-17 standard [2] was used on the fire-exposed side of all assemblies
with an average board density of 690 kg/m3. Two types of sheathings were consid-
ered: OSB boards 11.1 mm nominal thick and density of 572.1 kg/m3 was used on
the unexposed side in Assemblies 1, 3 and 5 conforming to the CAN/CSA O324-
07 standard [3] and Type X gypsum glass mat sheathing boards 15.9 mm nominal
thick and density of 762.9 kg/m3 was used on the unexposed side in Assemblies 2,
4 and 6 conforming to the ASTM C1177/C1177M-17 standard [4]. The wood
studs used were S-P-F select No. 2- KD-HT nominal 2 9 4 s (38 mm thick by
89 mm deep) conforming to the CAN/CSA O141-05 [5] standard. The moister
content for wood studs was measured using Delmhorct BD 2100 moister meter
with two 8 mm long pins penetrate through the wood studs. This device can mea-
sure the wood moisture content in the range of 6% to 60%. Three measurements
were taken for each wood stud: one at each end and one in the middle and the
average of these three measurements was considered the moister content of the
stud. The studs used measured an average moisture content of 10.3%. Three types
of insulations were considered: glass fibre insulation (GFI) conforming to the
requirements of CAN/ULC-S702 standard [6] was used in Assemblies 1, 2 and 6
with a density of 11 kg/m3, rock fibre insulation (RFI) conforming to the require-
ments of CAN/ULC-S702 standard [6] was used in Assembly 3 with a density of
32.8 kg/m3 and dry blown cellulose fibre insulation (CFI) with a density of
49.1 kg/m3 conforming to CAN/ULC-S703-09 standard [7] was used in Assembly
4, and sprayed wet cellulose fibre insulation (water-adhesive- based mixture) with
a stabilized density of 36 kg/m3 conforming to CAN/ULC-S703-09 standard [7]
was used in Assembly 5.

4. Description of Test Assemblies

Six full-scale wall assemblies measured 3048 mm high by 3658 mm wide were con-
structed in accordance to the CAN/CSA-A82.31-M91 standard [8]. Full descrip-
tion of the tested assemblies are given in Ref. [9], however, a brief description of
exterior full-scale wall assemblies is provided below. Also, construction details of
the 6 exterior wall assemblies are given in Figs. 1, 2, 3 and Table 1. These details
are of importance to those researchers who are developing mathematical model to
predict fire resistance of exterior walls.
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4.1. Assemblies 1, 3 and 5

The assemblies 1, 2 and 3 were similar in construction, however, the wall cavities
were filled with different types of insulation. Details on design parameters for
these assemblies are given in Table 1 and Fig. 1. Assembly 1 was constructed with
glass fibre insulation batts in wall cavity, Assembly 3 was constructed with rock
fibre insulation batts in wall cavity and Assembly 5 was constructed with cellulose
fibre insulation sprayed wet with water-adhesive mixture in wall cavity. The
assemblies were constructed with wood studs (38 mm by 89 mm) spaced at
406 mm o.c. On the fire-exposed side, one layer of Type X gypsum boards
15.9 mm thick, without horizontal joints, was attached vertically to wood studs
with screws spaced at 406 mm o.c., however in practice, the boards can be applied
either vertically or horizontally. The results of a separate study conducted at NRC

10
10

Fire Exposed GWB Layer

CL

(Dimensions in mm)

31.8mm Type-W Screws

12191219

15.9mm Type-X Gypsum Wall Board

8 Studs @ 406.4mm O.C

1219

30
48

NOTE: Hatched
Layer Shows
GWB

88.9 mm Thick Glass Fibre Insulation
or Rock Fibre Insulation

or Cellulose Fibre Insulation

UNEXPOSED SIDE

8 Screw
s @

 406.4m
m

 O
.C

50

10 10

NOTE: A 13mm gap is left at the top of the GWB
to ensure the load is not applied to the board. This
gap, as well as the entire perimeter of the exposed
wall surface, will be covered by a 76.2mm wide by
25.4mm thick layer of ceramic fibre blanket.

Viewing Direction

38.1mm x 88.9mm
SPF 2 Select

Wood Stud

Figure 1. Construction details for assemblies No. 1 (glass fibre
insulation), 3 (rock fibre insulation) and 5 (cellulose fire insulation)
with OSB sheathing and screws spaced at 406 mm o.c.
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[9] on the effect of gypsum board orientation on fire resistance showed that, the
installation orientation (vertical vs. horizontal) has little effect on the fire resis-
tance and also, the ULC 308 [10] design for exterior wall permits the use of either
horizontal or vertical application to comply with the fire resistance rating of 1 h.
On the unexposed side, one layer of OSB sheathing, 11.1 mm thick, was installed
vertically with three horizontal joints as shown in Fig. 1 and backed on the cavity
side with wood pieces (38 mm by 89 mm) and sheathing was attached to wood
studs with screws spaced at 200 mm o.c. in the board field and 150 mm o.c. along
the board edges in accordance with CAN/CSA O325-07 standard [3].
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Figure 2. Construction details for Assembly No. 2 (glass fibre
insulation) with glass mat sheathing and screws spaced at 406 mm
o.c.
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4.2. Assemblies 2, 4 and 6

Details on design parameters for assemblies 2, 4 and 6 are given in Table 1 and
Figs. 2 and 3. Assembly 2 was constructed with one layer of Type X gypsum
board, 15.9 mm thick, installed vertically without horizontal joints on the fire-ex-
posed side and one layer of Type X gypsum glass mat sheathing, 15.9 mm, instal-
led vertically without horizontal joints on the unexposed side and both boards
were attached to wood studs with screws spaced of 406 mm o.c. maximum
allowed as per NBC [1] and the wall cavity was filled with glass fibre insulation
batts as shown in Fig. 2. Assemblies 4 and 6 were similar in construction as
Assembly 2 with the Type X gypsum board on the fire-exposed side and Type X
gypsum glass mat sheathing on the unexposed side were attached to wood studs
with non-standard screws spaced at 203 mm o.c. In Assembly 4, the wall cavity
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Figure 3. Construction details for Assemblies No. 4 (cellulose fibre
insulation) and No. 6 (glass fibre insulation) with glass mat sheathing
and screws spaced at 203 mm o.c.
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was filled with dry-blown cellulose fibre insulation and in Assembly 6, the wall
cavity was filled with glass fibre insulation batts. The construction details of these
assemblies are shown in Fig. 3.

5. Test Conditions and Procedures

In Canada, the exterior walls are required to be tested for fire resistance by expos-
ing the interior face of gypsum wall board to furnace heat, however, in the USA
exterior walls are required to be tested for fire resistance by exposing the wall
exterior face to furnace heat. Hose stream tests were not considered in this study
as the research goal was to provide data on the fire resistance performance of
exterior walls for use by the NBC Part 9 Standing Committee on Houses and
Small Buildings for possible code changes in 2020 code.

The fire resistance tests were carried out using the NRC wall furnace shown in
Fig. 4 by exposing the fire-exposed surface of the test assembly to heat in a pro-
pane-fired vertical furnace. The furnace was lined with fire brick, covered with a
2.5 cm thick ceramic fibre insulation blanket. The assemblies were sealed at the
edges against the furnace with 2.5 cm thick ceramic fibre blankets. The furnace
temperature was measured by nine, 20 gauge, shielded thermocouples in accor-
dance with CAN/ULC-S101-14 standard [11]. The average of the nine thermocou-
ple temperatures was used to control the furnace temperature during the fire
resistance test. Type K (20 gauge) chromel–alumel thermocouples, with a thick-
ness of 0.91 mm, were used for measuring temperatures at a number of locations
inside the test assemblies: six thermocouples at the interface between the gypsum
board and the wood studs on the fire-exposed side and another six thermocouples
on the back side of the unexposed sheathing facing the wall cavity (i.e. between
the cavity insulation and sheathing). Locations of thermocouple are given, as an
example, in Fig. 5. An additional nine thermocouples (located under the insulated
pads) were installed on the unexposed side facing ambient, as per CAN/ULC-
S101-14 standard. Nine deflection gauges were installed on the unexposed side fac-
ing ambient to measure the assembly deflection. Details on locations of the ther-
mocouples and deflection gauges for each assembly are also given in Ref. [12].
The loadbearing device used to apply the superimposed load on the wall assem-
blies is illustrated also in Fig. 4 and the details of this device are given in Ref.
[13]. The loading system consisted of two steel frames, located at the top and bot-
tom of the wall assembly. Eight hydraulic jacks were used to provide a vertical
superimposed load on the wall assembly via a steel frame; however, the gypsum
board edges were not touching the steel frame. The applied superimposed load for
each assembly are given in Table 1. Details on the design load calculations are
given in Ref. [12].

The failure criteria below for the full-scale tests were derived from CAN/ULC-
S101-14 standard [11] in Sect. 6.4 ‘‘Determination of Fire Endurance Period’’ as
follows:
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1. Transmission of heat through the test specimen throughout the fire endurance
test shall not raise the average temperature measured by stationary thermocou-
ples on its unexposed surface more than 140�C above its initial average temper-

Figure 4. NRC full-scale wall furnace.
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ature; nor shall the temperature rise at any individual point exceed 180�C
including a temperature measured by the roving thermocouple.

2. The test specimen shall have sustained the applied load throughout the fire
endurance test without passage of flame or passage of gasses hot enough to
ignite cotton pads.

6. Results and Discussion

The design parameters, applied load, time to failure, fire-exposed gypsum board
fall-off time and mode of failure are given for each assembly in Table 1. The stan-
dard time–temperature curve, average measured furnace temperature, average
unexposed surface temperature, average temperature measured at interface
between the gypsum board and wood studs (Stud Avg), average measure tempera-
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ture at the interface between the insulation and gypsum board on the unexposed
side (Cavity Avg), the average of nine thermocouples under insulating pads on the
unexposed surface and measured maximum deflection for wall Assemblies are
given in References [12, 14]. The measured temperature and defection results of
the assemblies studied are provided in Figs. 6, 7, 8, 9, 10 and 11 which are also
useful for those researchers who need to validate their fire resistance models for
exterior walls.

The fire resistance standards such as the CAN/ULC S101 and ASTM E119 [15],
doesn’t specify the number of tests required for determining the assembly fire
resistance rating, however, the repeatability of fire resistance test is an issue, how-
ever, the repeatability of tests was not considered in this study. However, the
NRC have conducted in a separate study [16] fire resistance tests on two identical
wood framed wall assemblies to examine the test repeatability and results showed
that only 1 min difference in the fire resistance (see wall assembly F-14 with
52 min and wall assembly F-14B with 51 min).
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Comparisons of the three investigated parameters mentioned above on the fire
resistance performance of exterior wall assemblies are presented as follows:

1. Effect of wall cavity insulation types: glass fibre, rock fibre and sprayed cellu-
lose fibre (water-adhesive-based mixture) on the fire resistance of exterior wall
assemblies using standard screw spacing of 406 mm o.c. for attaching one layer
of Type X gypsum board, 15.9 mm thick, on the fire-exposed side to wood
studs and standard screw spacing of 300 mm o.c. in the board field and
150 mm o.c. at board edges for attaching one layer of Oriented Strand Board
(OSB) sheathing, 11.1 mm thick, on unexposed side to wood studs.

Assemblies 1 (glass fibre insulation), 3 (rock fibre insulation) and 5 (sprayed cellu-
lose fibre insulation with water-adhesive-based mixture) were tested to investigate
the effect of insulation type on the fire resistance of exterior wall assemblies with
one layer of Type X gypsum board on fire-exposed side attached to wood studs
with screws spacing of 406 mm o.c. and one layer of OSB sheathing attached to
wood studs on unexposed side with screw spacing of 200 mm o.c. in the board
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Figure 7. Maximum deflection distributions for Assemblies No. 1
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insulation) with screws spaced at 406 mm o.c.
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field and 150 mm o.c. along the board edges. The average temperature measured
at interface between the gypsum board and wood studs (Stud Avg) on fire-exposed
side and average temperature measured at the interface between the insulation and
facing wall cavity on the unexposed-side (Cavity Avg) as well as maximum deflec-
tion measured for Assemblies 1, 3 and 5 are presented in Figs. 6 and 7, respec-
tively.

Comparison of the temperature results presented in Fig. 6 shows that for
Assembly 1, there is a sharp increase in the average temperature measured
between studs and gypsum (Stud Avg) on fire-exposed side at 45 min which con-
sistent with the observed gypsum board fell-off time at 44 min 46 s. When the
gypsum board fell-off, the glass fibre insulation in wall cavity was exposed to fur-
nace heat and as results, the insulation degraded rapidly. This is also shown by
the rapid increase in temperature measured between the insulation and back sur-
face of OSB board facing wall cavity (Cavity Avg) at 45 min. Assembly 1 failed
due to flame penetration on the unexposed side joints at 45 min 40 s, however, the
failure occurred in less than 1 min after the gypsum board on the fire-exposed side
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Figure 8. Temperature distributions for Assemblies No. 4 (cellulose
fibre insulation) and 6 (glass fibre insulation) with screws spaced at
203 mm o.c.
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fell-off. Test observations for Assembly 3 with rock fibre insulation showed that
the gypsum board joint became wide open at 47 min and the board fell-off at
51 min 49 s. Figure 6 also shows that there is an increase in the measured temper-
ature at the interface between the gypsum board and wood studs at about 47 min.
Unlike the glass fibre insulation in Assembly 1, the rock fibre insulation did not
deteriorate and had protected the sides of wood studs for a few minutes extra
until the studs deteriorated due to furnace heat exposure and deflected out-of-plan
away from the furnace due to fall-off of the gypsum board. The Assembly 3 was
unable to sustain the applied load at 55 min 11 s. Test observation for Assembly 5
with sprayed cellulose fibre insulation with water-adhesive-based mixture showed
that the gypsum board joints on the fire-exposed side were wide open and gypsum
board fell-off at 44 min and the cellulose fibre insulation was exposed to furnace
heat. Figure 6 shows that the average measured temperature at the interface
between the gypsum board and wood studs (Stud, avg) increased rapidly at
44 min which is consistent with the fell-off of the gypsum board on the fire-ex-
posed side and the assembly failed on flame penetration through the OSB sheath-
ing at 46 min 35 s.
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Comparisons of the maximum deflection results in Fig. 7 for Assemblies 1, 3
and 5 showed an increase in deflection up to 40 min and then followed by a rapid
deflection, as results of gypsum board fell-off, until the failure occurred.

In exterior wall assembly protected with one layer of Type X gypsum board,
15.9 mm thick on the fire-exposed side and one layer of OSB, 11 mm thick,
sheathing board on the unexposed side and both boards were attached to wood
studs with screw spacing at 406 mm o.c., the Assembly with rock fibre insulation
protected the wood studs sides and OSB sheathing longer than the glass or cellu-
lose fibre insulation and that resulted in provided approximately 10 min more fire
resistance in assembly with rock fibre insulation than in the assemblies with either
cellulose or glass fibre insulation, therefore, the effect of insulation types on the
fire resistance can be considered significant.

2. Effect of wall cavity insulation types: glass fibre and dry-blown cellulose fibre
on the fire resistance of exterior wall assemblies using a non-standard screw
spacing of 203 mm o.c. for attaching both the Type X gypsum, 15.9 mm thick,
on the fire-exposed side and Type X gypsum glass mat sheathing, 15.9 mm
thick, on unexposed side to wood studs.
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Figure 10. Temperature distributions for Assemblies Nos. 2 and 6.
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Assembly 4 with dry-blown cellulose fibre insulation and Assembly 6 with glass
fibre insulation were tested to investigate the effect of insulation types on the fire
resistance of exterior wall assemblies with one layer of Type X gypsum board on
fire-exposed side and one layer of gypsum glass mat sheathing on the unexposed
side and both boards were attached to wood studs with screw spaced at 203 mm
o.c. The average temperature measured at interface between the gypsum board
layer and wood studs (Stud Avg), average measure temperature at the interface
between the insulation and gypsum board on the unexposed side (Cavity Avg) as
well as maximum deflection measured for Assemblies 4 and 6 are presented in
Figs. 8 and 9, respectively.

Comparison of the temperatures (stud Avg) and (Cavity Avg) presented in
Fig. 8, for Assembly 4 with cellulose fibre insulation show, that there are two
sharp increases in temperatures at 47 min and 56 min due to 5 cm wide of gyp-
sum board joint opening and the gypsum board fell-off, respectively. The second
sharp temperature rise at 56 min is consistent with test observations where the
gypsum board fell-off at 56 min 45 s. The Assembly 4 was unable to sustain the
applied load at 59 min 10 s and test was terminated. For Assembly 6, with glass
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Figure 11. Maximum deflection distributions for Assemblies Nos. 2
and 6.

Fire Resistance of Exterior Wall Assemblies for Housing and Small Buildings 715



fibre insulation, the temperature at the interface between the gypsum board and
wood studs (Stud Avg) presented in Fig. 8 show that there is an increase in tem-
perature at 17 min, followed by gradual temperature increase of up to 40 min, due
to the furnace heat penetration into wall cavity via gypsum board joint opening
with more time exposure, and then the temperature became more or less the same
till the end of test. The temperature (Cavity Avg) results show that, there is an
increase in temperature at the interface between the unexposed gypsum mat
sheathing and at 22 min followed by a gradual temperature increase reached
370�C at the end of test due to furnace heat penetration into the wall cavity via
the gypsum board joint opening. The Assembly 6 was unable to sustain the
applied load at 56 min 10 s and test was terminated.

Comparisons of the maximum deflection results presented in Fig. 9 for Assem-
blies No. 4 and 6 showed that the walls had a slight deflection as gypsum board
joints opened and followed by an increase in deflection as board joints became
wide open due to the deterioration of glass fibre insulation and wood studs and
then followed by a rapid out-of-plan deflection away from the furnace when the
gypsum board fell-off until the failure occurred.

Table 1 shows that, the time difference between the fire-exposed gypsum board
fall-off and time to failure for Assemblies 4 and 6 is less than 2.45 min, therefore,
the use of a reduced screw spacing at 203 mm o.c. shows that the gypsum board
fell-off on the fire-exposed side is controlling the fire resistance of the assembly
and, therefore, the insulation type whether glass fibre or cellulose fibre did not
provide much contribution to the fire resistance.

In exterior wall assembly protected with one layer of Type X gypsum board,
15.9 mm thick, on the fire exposed side and one layer of gypsum glass mat,
15.9 mm thick, sheathing on the unexposed side and both boards attached to
wood studs with screw spacing at 203 mm o.c., the Assembly with cellulose fibre
insulation provided 3 min slightly more fire resistance than the assembly with
glass fibre insulation, therefore, the effect of insulation types glass versus cellulose
fibre on fire resistance the assembly can be considered insignificant as the fire
resistance was controlled by the stay-in-place for the gypsum board on the fire-ex-
posed side.

3. Effect of screw spacing: non-standard of 203 mm o.c. versus standard of
406 mm o.c. on the fire resistance of exterior wall assemblies for attaching both
the Type X gypsum board on the fire-exposed side and Type X gypsum glass
mat sheathing, 15.9 mm thick, on unexposed side to wood studs.

Assembly 2 with standard screw spacing at 406 mm o.c. and Assembly 6 with
non-standard reduced screw spacing at 203 mm o.c. were tested to investigate the
effect of screw spacing for attaching the Type X gypsum board to wood studs on
fire-exposed side and Type X glass mat sheathing on the unexposed side to wood
studs. The average temperature measured at interface between the gypsum board
layer and wood studs (Stud Avg), average measure temperature at the interface
between the insulation and gypsum board on the unexposed side (Cavity Avg) as
well as maximum deflection measured for Assemblies 2 and 6 are presented in
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Figs. 10 and 11, respectively.
Test observations for Assembly 2 with standard screw spacing at 406 mm o.c.

showed that the gypsum board joints started to open at 18 min and flame
appeared at the joints and joints became wide open at 35 min and board fell-off at
41 min. Comparison of the temperatures (Stud Avg and Cavity Avg) presented in
Fig. 10 shows that there was an increase in temperature 18 min as the gypsum
board joints started to become open followed by a more increase in temperature
as the joints became wide open due to the deterioration of the glass fibre insula-
tion and then followed by a sharp increase in temperature between the gypsum
board and wood studs at the fire-exposed side (Stud Cav) at 40 min and this is
consistent with the observed board fell-off. The Assembly 2 was unable to sustain
the applied load at 41 min and test was terminated. Test observations for Assem-
bly 6, with non-standard screw spacing at 203 mm o.c., showed the gypsum board
joints started to open at 18 min and flame appeared at the joints and flame
appeared stronger as the joints became wider opening until the gypsum board fell
off at 55 min. Comparison of the temperature (Stud Avg and Cavity Avg) pre-
sented also in Fig. 10 shows that there was an increase in temperature at 18 min
followed by gradual temperature increase of up to 40 min, due to the furnace heat
penetration into wall cavity as the gypsum board joint became more open, and
then the temperature was more or less the same till the end of test. The tempera-
ture (Cavity Avg) results show that, there is an increase in temperature at the
interface between the unexposed gypsum mat sheathing and at 23 min followed by
a gradual temperature increase that reached 370�C at the end of test due to also
furnace heat penetration into the wall cavity via the gypsum board joint opening.
The Assembly 6 was unable to sustain the applied load at 56 min 10 s and test
was terminated.

Comparisons of maximum deflection results in Fig. 11 for Assemblies 2 and 6
showed that the walls had a slight deflection first as results of gypsum board
joints open up and furnace heat penetrated the wall cavity followed by an increase
in deflection at 30 min as board joints became wide open due to the deterioration
of glass fibre insulation and wood studs and then followed by a rapid out-of-plan
deflection, as results of gypsum board fell-off, until the failure occurred.

Table 1 shows that, the time difference between the gypsum board fall-off and
time to failure and time difference of the gypsum board fell-off for Assemblies 2
and 6 is less than 1.17 min. Also, the gypsum board fell-off time for assemblies 2
and 6 is 14 min. These results clearly indicate that there is two key findings: first,
the gypsum board on the fire-exposed side is controlling the fire resistance of the
assembly and second, the longer for the gypsum board on fire-exposed side stays-
in-place using the reduced screw spacing at 203 mm o.c., the more fire resistance
of 15 min than when screw is spaced at 406 mm o.c.

In exterior wall assembly protected with one layer of Type X gypsum board,
15.9 mm thick, on the fire exposed side and one layer of Type X gypsum board
glass mat, 15.9 mm thick, sheathing on the unexposed side, the assembly with
reduced screw spacing of 203 mm o.c. provided approximately 15 min more fire
resistance than the assembly with maximum allowed NBC screw spacing at
406 mm o.c. Therefore the effect of screw spacing (203 mm o.c. vs. 406 mm o.c.)
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for the gypsum board attached to wood studs on the fire exposed side is signifi-
cant.

7. Proposed Further Research Recommendations

Further research recommendations to enhance the fire resistance of the studied
exterior wall Assemblies 1, 3 and 6 to achieve 1-h fire resistance rating are pro-
posed below.

Assembly 1, fire resistance of 45 min 40 s, with design modifications such as
reducing the screw spacing on the fire-exposed gypsum board field from 406 mm
o.c. to 203 mm o.c. and along the edges from 406 mm o.c. to 150 mm o.c. and
that may lead the Assembly 1 with rock fibre insulation to achieve 1-h fire resis-
tance rating. Assembly 3, fire resistance of 55 min 11 s, with design modifications
such as reducing the screw spacing from 406 mm o.c. to 203 mm o.c. at the gyp-
sum board on the fire-exposed side edges and that may lead the Assembly 3 to
achieve fire resistance rating of 1-h. Assembly 6, fire 56 min 10 s, With design
modifications such as reducing the screw spacing on the gypsum board edges from
203 mm o.c. to 150 mm o.c. may lead to achieve 1-h fire resistance rating. The
further research mentioned above need to confirm the fire resistance rating of the
assemblies based on the proposed design modifications.

8. Conclusions

The followings are key findings summary:

1. The effect of insulation types on fire resistance exterior wall assembly with
standard screw spacing of 406 mm o.c. (1st investigated parameter), results
showed that, the installation of rock fibre insulation in wall cavity provided
significant increase of 10 min (20%) fire resistance compared to a similar
assembly but with either glass fibre insulation or sprayed cellulose fibre insula-
tion, therefore the effect of insulation type on the fire resistance can be consid-
ered significant.

2. The effect of insulation types on fire resistance exterior wall assembly with
standard screw spacing of 203 mm o.c. (2nd investigated parameter), results
showed that, the effect of types of insulation (glass fibre vs. cellulose fibre) on
fire resistance is insignificant as the fire resistance was controlled by the stay-in-
place for the gypsum board on the fire-exposed side.

3. The effect of screw spacing of 406 mm o.c. versus 203 mm o.c on the fire resis-
tance (3rd investigated parameter) results showed that reducing the screw spac-
ing from 400 mm o.c. to 203 mm o.c. increased the stay-in-place for the
gypsum board on the ire-exposed side by 14 min and, thus increased the fire
resistance by 15 min (37%), therefore, the effect of screw spacing on the fire
resistance is significant.

4. Test repeatability of one min can move the Assembly 4 with fire resistance of
59 min 12 s, to 1-h fire resistance rating.
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5. Further research recommendations on the design changes to enhance the fire
resistance of Assemblies 1, 3 and 6 to achieve 1-h fire resistance rating are pro-
posed. This further research need to confirm the fire resistance rating of 1-h for
these assemblies.

Acknowledgments

The National Research Council Canada appreciates the participation of partners
in providing financial and in-kind material contributions, as well as, technical con-
tributions throughout the project. The partners include: the Canadian Wood
Council, Cellulose insulation Manufacturers Associations (Canada and USA),
City of Calgary (Canada), CertainTeed gypsum (USA), PABCO Gypsum (USA),
USG (USA) and ROCKWOOL (Canada). The author wish to acknowledge the
contributions of Patrice Leroux, Robert Berzins, Eric Gibbs, Karl Gratton, Pier-
Simon Lafrance and Mark Weinfurter of the Fire Safety unit, Construction
Research Centre, NRC, for constructing the assemblies and conducting the fire-re-
sistance tests.

References

1. National Building Code of Canada, Edition (2015) National Research Council Canada,
Ottawa, ON, Canada

2. ASTM C1396/C1396M-17 (2017) Standard Specification for Gypsum Board. ASTM
International, USA

3. CAN/CSA O325-07 (2017), Construction sheathing. Canadian Standards Association,
Mississauga, ON, Canada

4. ASTM C1177/C1177M-17 (2017) Standard specification for glass mat gypsum substrate

for use as sheathing. ASTM International, West Conshohocken, PA
5. CSA O141-05 (2015) Softwood lumber. Canadian Standards Association, Mississauga,

Canada

6. CAN/ULC-S702 (2014) Standard for mineral fibre thermal insulation for buildings.
Underwriters Laboratories of Canada, Canada

7. CAN/ULC-S703-09 (2009) Standard for cellulose fibre insulation (CFI) for buildings
Reaffirmation of second edition. Underwriters’ Laboratories of Canada, Canada

8. CAN/CSA-A82.31-M91 (1991) Gypsum board application. Canadian Standards Associ-
ation, Mississauga, ON, Canada

9. Bwalya AC, Sultan MA, Thomas JR (2007) Impact of board orientation on the fire

performance of regular gypsum bard walls. In: Fire and materials conference proceed-
ings, San Francisco, USA

10. ULC Design No. W308 (2019) Loadbearing wall rating - 1 h, fire from one side only

11. CAN/ULC-S101-14 (2014) Standard methods of fire endurance tests of building con-
struction and materials (1960). Underwriters’ Laboratories of Canada

12. Sultan MA, Adelzadeh M (2019) Fire resistance performance of building assem-
blies—results of 13 full-scale wall assemblies tests. Research Report CONST-56340E,

National Research Council Canada

Fire Resistance of Exterior Wall Assemblies for Housing and Small Buildings 719



13. Shorter GW, Harmathy TZ. Fire research furnaces at the National Research Council
Canada, Research Report 5732

14. Sultan MA, Adelzadeh M (2019) Fire resistance performance of building assem-

blies—results of 13 full-scale wall assemblies tests. In: Interflam Conference proceed-
ings, London, UK

15. ASTM E119 (2019) Standard test methods for fire tests of building construction and
materials

16. Sultan MA, Lougheed GD (2002) Results of fire resistance tests on full-scale gypsum
board wall assemblies. National Research Council Canada, IR No. 833

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published

maps and institutional affiliations.

720 Fire Technology 2021


	Fire Resistance of Exterior Wall Assemblies for Housing and Small Buildings
	Abstract
	Parameters Investigated
	Assemblies’ Materials
	Description of Test Assemblies
	Assemblies 1, 3 and 5
	Assemblies 2, 4 and 6

	Test Conditions and Procedures
	Results and Discussion
	Proposed Further Research Recommendations
	Conclusions
	Acknowledgments
	References




