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1 INTRODUCTION
In recent decades, the wood industry has developed a number of innovative mass timber products. This
includes, but is not limited to, structural composite lumber (SCL) products, such as parallel strand
lumber (PSL), laminated strand lumber (LSL) and laminated veneer lumber (LVL). All of these have
been used in the construction of buildings of combustible construction in Canada for some time. SCL
products are proprietary in nature and are assessed in accordance with ASTM D5456 [1] and further
evaluated for conformance by the Canadian Construction Materials Center (CCMC).
Division B of the National Building Code of Canada (NBCC) [2, 3], titled Acceptable Solutions, currently
prescribes that mid- or high-rise buildings be of non-combustible construction. Although some
combustible components are permitted in non-combustible construction, mass timber products are
generally too thick to meet these provisions, which are typically limited to 25 mm in thickness. As such,
benefits could be obtained from the development of “alternative solutions”, which could be used in
place of current NBCC acceptable solutions in order to permit the use of SCL in a building of any height
for most occupancy classifications. However, such alternative solutions require better documentation of
the fire performance of mass timber assemblies used as floors, walls and ceilings.
The spread of flames over the interior finish on walls and ceilings in a compartment within a building
must be controlled to prevent rapid fire growth, potentially leading to flashover conditions. In buildings
of non-combustible construction, Division B of the NBCC sets prescriptive limits on the surface
flammability (flame spread rating) of interior finishes and also restricts their thickness to no more than
25 mm. Mass timber products can be shown to meet the flame spread ratings in most applications and
in fact exhibit lower (better) flame-spread ratings than 19 mm traditional lumber products. Flame spread
ratings are dimensionless, highly test specific, and cannot be used as quantitative input data for
mathematical models that predict fire growth rates or fire risk in buildings.
On this matter, recent CAN/ULC S102 [4] flame spread tests have been conducted on 3-ply crosslaminated timber (CLT) assemblies and thick structural composite lumber (PSL and LSL) [5, 6]. Fully
exposed CLT (99 and 105 mm in thickness) exhibited better (i.e. lower) flame spread ratings, 40 and 35
respectively, when compared to thinner products. Moreover, PSL and LSL specimens (of 89 mm
thickness) provided flame spread ratings ranging from 35 to 75, once again better ratings compared to
similar specimens of thinner dimensions. Flame spread ratings are restricted in prescriptive regulations
to limit fire hazards, however flame spread test results are impractical in providing scientific/engineering
data for fire modeling and do not provide any benefit for predicting performance in bench-scale tests
that are useful for product development.
Since a standard flame spread test requires approximately 4 m² of material (CAN/ULC S102 dictates
the test be run in triplicate therefore requiring 12 m² total), it is often not practical to use tunnel testing to
achieve a targeted flame spread rating during the development of innovative products. For similar
reasons, this test is not suitable for quality testing to assure the claimed FSR’s are being maintained.
To address these problems, it would be advisable to develop correlations that could predict CAN/ULC
S102 test performance on the basis of data from a small-scale test such as the cone calorimeter test.

2 OBJECTIVES
The present work aims at evaluating the combustibility characteristics (i.e. reaction to fire) of structural
composite lumber (SCL) when tested in compliance with the cone calorimeter standard ISO 5660 [7, 8,
9]. More precisely, this study evaluates the heat release rate, total heat release, mass loss, effective
heat of combustion, smoke obscuration as well as the presence of toxic gases when SCL products are
tested in conformance with ISO 5660.
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Moreover, this study is solely focused on SCL elements that are thick enough to act as semi-infinite
solids (thermally thick solids), as opposed to typical thin combustible finish products. Tests data are
also compared to those obtained for visually-graded solid wood specimens of the SPF species group.

3 TECHNICAL TEAM
Christian Dagenais, Eng, M.Sc

Scientist, Serviceability & Fire Group,
Advanced Building Systems, FPInnovations

Francine Côté

Principal Technician,
Engineered Wood Products Manufacturing, FPInnovations

4 BACKGROUND
Both flame spread and fire resistance are increasingly important performance attributes as buildings
use more wood elements and are built taller. Both concepts are also related to the charring behavior of
wood-based materials, which is influenced by the material's thermal properties such as thermal
conductivity, heat capacitance, density, thickness, and blackbody surface reflectivity. Typically, an
increase in the values of these properties corresponds to a decrease in the rate of flame spread.
The combustibility parameters (ignitability, flammability (rate of heat release) as well as smoke and
toxic gas production characteristics) of combustible materials can be assessed using small-scale cone
calorimeter tests conducted in compliance with ASTM E1354 [10] or ISO 5660. These test methods
provide data that can be used to determine the contribution a specific product or material may have to
the growth of a fire. Such data are useful for conducting performance-based fire design.
A detailed review of the mechanism of flame spread over combustible materials, the NBCC prescriptive
solutions with respect to fire performance of interior finish materials, and the use of cone calorimeter
test data for better predicting fire growth in buildings can be found in Mehaffey & Dagenais [11]. It is
noted that while flame-spread ratings (per CAN/ULC S102) do give an indication of the fire performance
of products in building fires, they require a large amount of material for testing and the data generated
are not useful as input to fire models that predict fire growth in buildings. Guidance on using cone
calorimeter data for predicting large-scale fire performance may also be found in ISO 5660-3.

4.1 Cone Calorimeter Test
The cone calorimeter uses a truncated conical heater to produce a uniform radiant heat flux across the
surface of a 10 cm by 10 cm test specimen, up to 50 mm in thickness (Figure 1). The typical test
configuration involves the specimen in a horizontal orientation. The specimen is placed in a metallic
specimen holder and sits on a lightweight mineral fiber blanket (a good insulating material), as shown in
Figure 2. A small spark igniter is placed just above the specimen to allow pyrolysis gases to ignite.
Following ignition, smoke and hot gases flow upward through the truncated cone and into an exhaust
hood. Within the exhaust system, the concentrations of various gases (especially CO 2, CO and O2) are
measured which are then used to calculate the heat release rate of the burning specimen using the
principle of oxygen consumption. Measurements of smoke obscuration can also be taken using a laser
photometer.
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Figure 1 – FPInnovations cone calorimeter

Figure 2 – Specimen holder with retainer frame

During a cone calorimeter test, specimens are burned under ambient air conditions, while being
subjected to a predetermined heat flux (irradiance) up to 100 kW/m². An irradiance of 50 kW/m² was
selected for this test series as it is the common irradiance level for testing purposes, and is the
irradiance level stipulated in most building regulations, such as CAN/ULC S135 [12] in the NBCC.
Application of the Stefan-Boltzmann law of radiant energy suggests that 50 kW/m² simulates
temperature conditions from within 15 to 20 min of the standard fire-resistance test CAN/ULC S101
[13].
The history and development of the cone calorimeter is described in detail by Babrauskas [14]. While
the cone calorimeter has had only limited application in Canadian building codes, it is cited in building
regulations of several other countries to regulate materials used as interior finishes. A review of the
combustibility of materials, details and correlations between flame-spread tests and cone calorimeter
tests can be found in Mehaffey & Dagenais [11].
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Oxygen Consumption Analysis

The cone calorimeter test method is based on the general observation that the net heat of combustion
is proportional to the amount of oxygen required for complete combustion for most common
combustible materials, where approximately 13.1 x 103 kJ of heat is released per kilogram of oxygen
consumed. A calibration constant (C), determined by burning methane of at least 99.5% purity, is
calculated using Equation 1.

C

q b
T 1.105  1.5 X O2
 e 
12.54  10³  1.10 p
X Oo2  X O2

(1)

Where
̇ = heat release rate (kW) of the methane supplied during calibration (typically 5 kW),
12.54 x 10³ = net heat of combustion divided by the stoichiometric oxygen/fuel mass ratio for
methane (kJ/kg),
1.10 = ratio of the molecular masses of oxygen and air,
Te = absolute temperature of gas from an orifice meter (K),

p = orifice meter pressure differential (Pa),
= oxygen analyzer reading (mole fraction of oxygen), and
= average of the oxygen analyzer output measured during 1-min baseline
measurements taken before testing commences.
The oxygen calibration constant is then used in the calculation of various combustion parameters,
based on oxygen consumption.
4.1.2

Heat Release Rate

Heat release rate (HRR, ̇ ) is one of the fundamental properties of fire and should always be
considered in any assessment of fire hazard as it significantly affects fire growth and severity. HRR is
calculated based on the oxygen consumption principle, explained above. It is calculated by Equation 2
using experimental data as input.

 h
q (t )   c
 ro

X Oo2  X O2

p
  1.10  C 

Te 1.105  1.5 X O2


(2)

Where hc / ro is the net heat of combustion for the specimen divided by the stoichiometric oxygen/fuel
mass ratio for the specimen, and is taken as 13.1 x 10³ kJ/kg unless a more accurate value is known.
The heat release rate per unit area can be obtained by dividing the HRR by the initially exposed area of
the sample. When using the retainer frame, the exposed area is taken as 88 cm².
4.1.3

Mass Loss Rate

 ) is computed at each time interval using a complex calculation that requires
The mass loss rate (  m
using five-point numerical differentiation equations. The latter can be found in ISO 5660-1.
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Effective Heat of Combustion

The effective heat of combustion (hc,eff in kJ/g) is constant during combustion of a homogeneous
specimen having only a single mode of degradation. Cellulosic products such as wood typically show
more than one mode of degradation and a varying effective heat of combustion as a product burns. The
effective heat of combustion is less than the theoretical net heat of combustion. Effective heat of
combustion and mass loss rate can be used to provide additional information on the fire behaviour of
materials. The mass loss rate is used to determine a time-varying heat of combustion as follows:

hc,eff 

q (t )

m

(3)

As the mass loss rate is determined from numerical differentiation, it is easier to compute average
values of hc,eff. The summation is then taken over the entire test duration from the time to ignition.
4.1.5

Smoke Obscuration

Production of smoke from burning materials is one of the most serious problems impeding evacuation
during a fire. Smoke presents potential life safety hazards because it interacts with light to obscure
vision of building occupants and because it usually contains noxious and toxic components. As
mentioned by White & Dietenberger [15], the term “smoke” is frequently used in an all-inclusive sense
to mean the mixture of pyrolysis products, combustion products, and air that is present near the fire,
including gases, solid particles, and droplets of liquid.
A number of factors come into play with respect to smoke generation. ISO 5660-2 [8] is based on the
assumption that the intensity of light that is transmitted through a volume of combustion products is
generally an exponentially decreasing function of distance. Smoke obscuration is then determined as a
fraction of a laser intensity being transmitted through the smoke exhaust duct. The test method is useful
in assessing the contribution that a product or material has on the production rate of smoke and the
total amount of smoke it generates during a well-ventilated fire.
As defined in ISO 5660-2, smoke obscuration is the reduction in light intensity due to its passage
through smoke and is related to an extinction coefficient (k), determined as the natural logarithm of the
ratio of incident light intensity to transmitted light intensity per unit path length.
I 
k  ln 0 L1
I 

(4)

Where I0 is the incident light intensity (in the absence of smoke), I is the transmitted (attenuated) light
intensity and L is the optical path length across the exhaust duct (m). The smoke production rate (Ps in
m2/s) is determined by the product of the volumetric flow rate of smoke and the extinction coefficient of
the smoke at the point of measurement.
PS  kVS

(5)

Where k is the extinction coefficient (1/m) and VS is the volume flow rate (m³/s). The smoke production
rate per unit area (Ps,A) of an exposed specimen can further be calculated by dividing Ps by the
exposed surface of the test specimen (A). The total smoke production is then calculated as the integral
of the smoke production rate over the time interval being considered so has units of m2/m2. Here the m2
in the numerator refers to the extinction area of the smoke and the m 2 in the denominator refers to the
area of the specimen.
FPInnovations
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Toxic Gases

Similarly to smoke production, toxic gases are serious problems associated with evacuation during a
fire. Toxic gases present potential life safety hazards because they can affect the cognitive functions of
occupants to a degree where they become unable to take effective action to escape to a safe refuge or
place of safety. At that stage, the occupants are considered to be incapacitated. Limiting conditions for
tenability caused by toxic products of combustion can be found in Hadjisophocleous et al. [16] and the
SFPE Handbook of Fire Protection Engineering [17].
The yields of CO and CO2 are defined to be the mass of these gases generated per mass of fuel
burned. Yields can be measured during a cone calorimeter test and are expressed as YCO (g/g) and
YCO2 (g/g) where the g in the numerator refers to the grams of gas generated, and the g in the
denominator refers mass of the specimen consumed (volatilised).
In real-world applications, the concentration of carbon monoxide (CO) and carbon dioxide (CO2) can be
estimated from yield factors and the following equations:
Conc CO 

YCO mf
Vt

Conc CO2 

YCO2 mf
Vt

(6)

(7)

Where Conc CO and Conc CO2 are the CO and CO2 concentrations (kg/m³), YCO and YCO2 are the yield
factors of CO and CO2 (g/g), mf is the mass of fuel burned (kg) and Vt is the volume of smoke (m³). The
gas emissions during the entire duration of a test are measured through an oxygen/gas analyzer.

5 MATERIALS AND METHODS
Specimens were subjected to an ISO 5660 test series, where ISO 5660-1 was used to evaluate their
heat release rate, mass loss, time to ignition and effective heat of combustion, while the procedures
given in ISO 5660-2 were used to evaluation smoke obscuration. Toxic gases were measured by the
oxygen/gas analyzer. Tests were conducted on three replicates, as per the standard, to achieve
average values for each product. All specimens were subjected to an irradiance level of 50 kW/m², and
positioned at a distance of 25 mm from the conical heat source. Prior to testing, all specimens were
conditioned to constant mass at a temperature of 23 ± 2°C and a relative humidity of 50 ± 5%, for an
approximate resultant moisture content of 9%.
These tests were conducted at FPInnovations’ Materials Evaluation Laboratory in Quebec City
(Quebec) and at the National Research Council of Canada’s fire safety testing facility in Ottawa
(Ontario).

5.1 Structural Composite Lumber
The first test series consisted of testing a sample of Douglas-Fir parallel strand lumber (PSL)
specimens. It is assumed that the samples tested meet the manufacturer’s PSL product specifications.
The second series of tests consisted of testing a sample of laminated strand lumber (LSL)
manufactured with Aspen (±70%) and Red Maple (±30%) strands. It is assumed that the samples
tested meet the manufacturer’s LSL product specification.
FPInnovations
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The third series of tests consisted of testing a sample of Douglas-fir laminated veneer lumber (LVL). It
is assumed that the samples tested meet the manufacturer’s LVL product specification.
PSL, LSL and LVL are proprietary products whose assessment for compliance with the NBCC is
overseen by the Canadian Construction Materials Center (CCMC) [18, 19, 20]. Figure 3a, 3b and 3c
shows respectively the PSL, LSL and LVL specimens. All SCL specimens were cut to the required
dimensions from single elements (i.e. beams) provided by the SCL manufacturers.

a) PSL

b) LSL

c) LVL

d) SPF No.2

Figure 3 – Structural composite and visually-grade lumber specimens

5.2 Visually-graded Lumber
The fourth test series consisted of visually-graded lumber (No. 2 grade) of the SPF species group in
accordance with CSA O86 [21] (see Figure 3d). Table 1 provides the properties of the tested
specimens after being conditioned to a constant mass at a temperature of 23 ± 2°C and a relative
humidity of 50 ± 5%. All SPF specimens were cut to the required dimensions from a single visuallygraded element of 38 x 140 mm (nominal 2x6).
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Table 1 – Properties of specimens tested in the cone calorimeter
Wood Product

Specimen Name

Thickness
(mm)

Mass
(g)

Density
(kg/m³)

PSL

FPI PSL-1
FPI PSL-2
FPI PSL-4
NRC PSL-1
NRC PSL-2
NRC PSL-3

42
42
42
42
42
41

275.5
282.4
275.8
272.9
276.1
268.7

656
672
657
650
657
655

LSL

FPI LSL-3
FPI LSL-4
FPI LSL-5
NRC LSL-1
NRC LSL-2
NRC LSL-4

38
37
37
38
37
37

285.1
279.8
288.5
294.1
307.9
310.8

750
756
780
774
832
840

LVL

FPI LVL-1
FPI LVL-2
FPI LVL-4
NRC LVL-1
NRC LVL-2
NRC LVL-3

37
37
37
37
37
37

215.3
212.0
200.0
214.4
212.6
218.9

582
573
541
579
575
592

SPF No.2

FPI SPF-1
FPI SPF-2
FPI SPF-3
NRC SPF-2
NRC SPF-3
NRC SPF-4

37
38
37
37
37
37

193.4
192.9
189.6
202.6
201.8
191.5

523
508
512
548
545
518

Note: specimens labelled “FPI” are those tested at FPInnovations. Specimens labelled “NRC” are those tested at National Research
Council of Canada.
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6 RESULTS
A summary of the complete test results is presented in Table 2 and Table 3 lists the average values.
While the entire test duration varied from specimen to specimen, the values shown below are
calculated for a 1,800 sec (30 min) burning duration, after the time to ignition. It is noted that the 1,800
sec duration is also in the period where a constant mass loss rate is observed in the experiments and is
before the second peak in heat release occurs (at which the specimens no longer act as thermally-thick
solids), as shown in Figure 4 and Figure 5. A complete set of graphics are presented in Appendix I.
Table 2 – Cone calorimeter test results

Specimen
Name

Time to
ignition
(sec)

Heat
Release
Rate
(kW/m²)

Total Heat
Release
(MJ/m²)

Effective
Heat of
Combustion
(MJ/kg)

Mass
Loss
Rate
(g/s)

Total
Smoke
Release
(m²/m²)

Yield
of
CO
(g/g)

Yield
of
CO2
(g/g)

FPI PSL-1
FPI PSL-2
FPI PSL-4
NRC PSL-1
NRC PSL-2
NRC PSL-3

25
19
11
15
18
26

73.85
73.82
76.91
81.70
74.95
67.72

132.9
132.8
138.3
147.1
134.9
122.1

10.25
10.64
11.15
10.78
9.72
8.94

0.064
0.061
0.061
0.067
0.068
0.067

126.1
97.4
117.0
114.4
125.9
69.3

0.0065
0.0067
0.0065
0.0078
0.0082
0.0111

1.01
1.02
1.05
1.00
1.01
0.94

FPI LSL-3
FPI LSL-4
FPI LSL-5
NRC LSL-1
NRC LSL-2
NRC LSL-4

21
20
21
16
29
20

87.38
94.10
90.46
95.02
82.59
94.19

157.5
169.4
162.8
171.1
148.9
165.5

11.17
11.61
11.29
11.36
10.27
10.91

0.069
0.072
0.071
0.074
0.071
0.076

150.1
138.0
159.6
93.6
107.7
110.5

0.0045
0.0048
0.0045
0.0047
0.0058
0.0055

1.08
1.11
1.10
1.02
1.07
1.06

FPI LVL-1
FPI LVL-2
FPI LVL-4
NRC LVL-1
NRC LVL-2
NRC LVL-3

20
21
20
10
16
20

64.81
66.32
68.96
76.60
78.39
78.40

116.7
119.8
124.1
137.9
141.4
141.1

11.49
11.61
11.59
12.31
11.59
10.90

0.050
0.050
0.052
0.055
0.060
0.064

20.7
44.6
41.6
80.6
46.1
41.7

0.0117
0.0117
0.0087
0.0123
0.0092
0.0103

1.10
1.14
1.11
1.13
1.00
1.00

FPI SPF-1
FPI SPF-2
FPI SPF-3
NRC SPF-2
NRC SPF-3
NRC SPF-4

22
27
31
17
22
30

59.57
69.28
55.86
58.37
74.93
55.61

107.3
124.9
100.9
105.2
135.1
100.1

10.82
11.76
9.69
9.69
11.57
9.63

0.049
0.052
0.051
0.053
0.057
0.051

58.0
125.9
45.2
48.4
45.4
50.4

0.0101
0.0090
0.0079
0.0132
0.0128
0.0178

1.07
1.11
1.02
0.99
1.00
1.04
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Table 3 – Cone calorimeter average test results

Specimen
Name

Time to
ignition
(sec)

Heat
Release
Rate
(kW/m²)

Total Heat
Release
(MJ/m²)

Effective
Heat of
Combustion
(MJ/kg)

Mass
Loss
Rate
(g/s)

Total
Smoke
Release
(m²/m²)

Yield
of
CO
(g/g)

Yield
of
CO2
(g/g)

FPI PSL
NRC PSL

18
20

74.86
74.79

134.7
134.7

10.68
9.81

0.062
0.067

113.5
103.2

0.0066
0.0090

1.03
0.98

Average
Std. Dev.

19
6

74.83
4.56

134.7
8.2

10.25
0.80

0.065
0.003

108.4
21.8

0.0078
0.0018

1.01
0.04

FPI LSL
NRC LSL

21
22

90.65
90.60

163.2
161.8

11.36
10.85

0.071
0.074

149.2
103.9

0.0046
0.0053

1.10
1.05

Average
Std. Dev.

21
4

90.62
4.88

162.5
8.3

11.10
0.47

0.072
0.002

126.6
26.4

0.0050
0.0006

1.07
0.03

FPI LVL
NRC LVL

20
15

66.70
77.80

120.2
140.1

11.56
11.60

0.051
0.060

35.6
56.1

0.0107
0.0106

1.12
1.04

Average
Std. Dev.

18
4

72.25
6.26

130.2
11.2

11.58
0.45

0.055
0.006

45.9
19.4

0.0107
0.0015

1.08
0.06

FPI SPF
NRC SPF

27
23

61.57
62.97

111.0
113.5

10.76
10.30

0.051
0.054

76.4
48.1

0.0090
0.0146

1.07
1.01

Average
Std. Dev.

25
5

62.27
7.97

112.3
14.4

10.53
0.99

0.052
0.003

62.2
31.5

0.0118
0.0036

1.04
0.05

From the above calculated average values, one can observe that most values are similar between the
two fire testing laboratories, except for the total smoke release.
As indicated by Equation 5, the smoke production rate is a function of the smoke extinction coefficient
and the mass flow rate. Since the mass flow rate measurements appear to be similar at both facilities
(from mass loss rates and HRR consistencies), only the extinction coefficient may then be computed
differently, which indicates potential issues with the laser obscuration reading.
It is noted that the products tested in this series also exhibited low total smoke release (TSR) values
when compared to other materials such as polyurethane (PU) rigid foams having a much greater yield
of smoke production (YS = 0.118 g/g). Typical wood products such as red oak exhibit Ys of 0.015 g/g,
which is almost 8 times lower than PU [17]. As such, the accuracy and sensibility of the smoke
production release may be affected, as observed from the scattered test results.
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Figure 4 – Specimen mass during cone calorimeter tests

Figure 5 – Heat release rate of tested specimens
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7 DISCUSSION
7.1 Heat Release and Effective Heat of Combustion
As expected, the heat release rate dropped to a constant value (constant in time) as char formed on the
exposed surface of the specimens. A second peak occurred then around 2,700 sec (45 min), when
specimens no longer acted as thermally-thick solids as the specimens had nearly burned through.
It can be observed from the HRR values shown in Table 3 that SCL products seem to exhibit higher
HHRs when compared to visually-graded SPF lumber, namely a 16% increase for LVL, 20% for PSL
and 45% for LSL.
While the HRR is different for SCL and visually-graded SPF lumber, the effective heats of combustion
are similar, ranging from average values of 10.25 to 11.58 MJ/kg for SCL specimens when compared to
the average value of 10.53 MJ/kg for SPF specimens.
As such, similarities in the effective heat of combustion suggest that the fire hazard related to fire
severity (post-flashover) would not be significantly greater using SCL rather than visually-graded SPF
lumber.

7.2 Mass Loss
Similarly to the HRR, the masses for all specimens dropped at a constant linear rate for the first 2 700
sec. (45 min), at approximately 0.06 g/s (Figure 4). The mass measurement as a function of time
assessed a combination of wood, dried wood and char.
After the 2nd peak in HRR, the mass loss rate reduced significantly, indicating that the specimens had
almost burned through, and obviously no longer acted as thermally-thick solids.
Based on the mass loss rates given in Table 3, it can be observed that SCL specimens seem to be
consumed slightly faster than visually-graded SPF lumber. The fastest mass loss rate was obtained for
the LSL samples, followed by the PSL and LVL.
Differences in the mass loss rates suggest that charring rates may also differ for SCL when exposed to
a standard fire-resistance test, which would have an impact on the fire-resistance of structural SCL
elements. On this matter, White [22] investigated the charring behavior of SCL products and found that
SCL charring rates were similar to that of visually-graded lumber, with a slight increase for the LVL,
followed by the LSL and PSL respectively. Consequently the mass loss ratios obtained from cone
calorimeter tests may not be a good indication of actual charring rates, typically measured at the 300°C
isotherm in a standard fire-resistance test.

7.3 Smoke Obscuration
Smoke production seems to be the parameter with the greatest difference in values when comparing
SCL to visually-graded SPF lumber. PSL and LSL specimens produced close to twice as much smoke
as the SPF specimens, while the LVL samples were lower than the SPF.
Since the SCL specimens use different structural adhesives and wood species, and have different
density, it is unclear from this data how differences in the manufacturing process or SCL product
composition may impact smoke production.
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Such differences in the smoke production for PSL and LSL, as compared to SCL and SPF, suggest a
greater impact on visibility, with respect to safe evacuation of building occupants. However, the rate of
smoke production cannot be taken as the sole basis for evaluating the level of fire safety afforded in a
building, where other active and passive fire protection measures are provided, as required in building
codes. Furthermore, the sample size tested is limited, and these differences may not be significant
compared to the potential variability that might be observed within each product class.

7.4 Toxic Gases
As opposed to smoke production, SCL specimens provided a lower yield of carbon monoxide (CO)
when compared to visually-graded SPF lumber. Interestingly, the yield of carbon dioxide (CO2) was
however similar for all products tested in the series.
Such differences in the yield of CO and similarities in yield of CO 2 suggest that SCL would not provide
significant changes in tenability conditions for building occupants when compared to visually-graded
SPF lumber, especially when determining the fractional effective dose (FED) typically used to quantify
the time at which the accumulated exposure to each fire effluent exceeds a specified threshold criterion
for incapacitation or lethality.
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8 CONCLUSION AND RECOMMENDATIONS
In recent decades, the wood industry has developed a number of innovative mass timber products.
Among others, structural composite lumber (SCL) products, such as parallel strand lumber (PSL),
laminated strand lumber (LSL) and laminated veneer lumber (LVL), have been used in the construction
of buildings of combustible construction in Canada for some time.
In an attempt to characterize the combustibility parameters of SCL products, a series of cone
calorimeter tests in accordance with ISO 5660 have been conducted. Heat release rate, total heat
release, mass loss rate, effective heat of combustion, smoke obscuration as well as toxic gas
production have been evaluated on some samples of SCL specimens thick enough to act as thermallythick solids. Furthermore, a test series on a small sample of visually-graded SPF specimens has been
conducted to provide a comparison basis for SCL.
From the test data presented herein, the combustibility parameters of SCL suggest that the fire hazard
related to fire severity (post-flashover) would not be significantly different using SCL or visually-graded
SPF lumber. However, observations have been made with respect to mass loss rates, suggesting that
charring rates may be different for SCL, which is a fundamental property for assessing the structural
fire-resistance of building elements.
Moreover, smoke production rates of PSL and LSL were significantly greater than for visually-graded
SPF lumber. However, the smoke production rate cannot be taken as the sole basis for evaluating the
level of fire safety afforded in a building, where other active and passive fire protection measures are
provided, as required in building codes. As SCL are proprietary products manufactured with various
wood species and structural adhesives, it is unclear from these test results how such manufacturing
variations may impact the smoke production. Further investigation is required with a larger and more
representative sample to fully understand why PSL and LSL provided twice as much smoke when
compared to visually-graded SPF lumber.
Lastly, yields of carbon monoxide (CO) and carbon dioxide (CO2) were found to be similar in all four
test series. Interestingly, the yields of CO for SCL specimens were lower than that of visually-graded
SPF lumber.
This test series allowed for a preliminary evaluation of the combustibility properties of commercially
available SCL products. Additional testing is required to better understand the behavior of SCL exposed
to elevated temperatures. As an example, specimens need to be exposed to various radiant heat fluxes
in order to determine the critical radiant heat flux for ignition. In an attempt to assess a potential
thickness effect on the combustion properties of wood and wood-based products (such as SCL), further
investigations should be carried on similar specimens of various thicknesses exposed to a similar
irradiance level.
Moreover, more cone test data at other irradiance levels and full-scale flame spread tests are required
in order to correlate and calibrate a proper flame spread model such as those developed by
Dietenberger & White [23]. Additional work to establish the repeatability and reproducibility of the test
method and SCL products would also be useful.
It is noted that these test results relate only to the behavior of the test specimens under the particular
conditions of the test. They are not intended to be the sole criterion for assessing the potential fire
hazard of the product in use in a performance-based fire design. Proper engineering judgment is
required, should a design professional wish to use these data.
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Appendix I
Test Data (Graphics)
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Figure 6 – Test results on PSL specimens
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Figure 7 – Test results on LSL specimens
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Figure 8 – Test results on LVL specimens
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Figure 9 – Test results on SPF No.2 specimens
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