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Abstract 

Advanced wood building systems form a significant market opportunity for use of wood in taller and 
larger buildings, which are currently required to be of non-combustible construction in accordance with 
provisions set forth in Part 3 of Division B of the National Building Code of Canada (NBCC). 
 
The spread of flames over solid materials is a fundamental behavior influencing the fire dynamics and 
growth within a compartment. As such, NBCC set prescriptive limits on the use of wood products in such 
building types due mainly to potential fire hazard. Typically, NBCC limits surface flammability 
characteristics (i.e. flame spread) of combustible interior finishes, while limiting their thickness up to 25 
mm when used in buildings required to be of non-combustible construction. Flame spread ratings are 
traditionally assessed by exposing a 19 mm specimen to the ULC S102 test method, also called the 
“Steiner Tunnel” test. These thin elements, usually interior finish materials, tend to heat up fast and ignite 
rapidly. However, with the advent of cross-laminated timber (CLT) and structural composite lumber 
(SCL), massive structural timber elements can be used and provide an enhanced fire performance while 
potentially remaining exposed. These massive elements act as a semi-infinite slab (thermally thick) and 
exhibit a significant different fire behavior when compared to thinner elements. 
 
In order to evaluate the surface burning characteristics of massive timber assemblies, flame spread tests 
on CLT assemblies have been conducted in accordance with ULC S102 test method. Three series of 3-ply 
CLT panels of 99 mm in thickness, V2 stress grade as per ANSI/APA PRG-320 (i.e.,  manufactured with 
Spruce-Pine-Fir (SPF) lumber) have been evaluated for flame spread and smoke developed classification. 
Fully exposed CLT specimens (99 mm) provided much lower flame spread ratings (FSR of 40), when 
compared to thinner similar products. 
 
Lastly, the use of materials that exhibit lower flame spread ratings than typical combustible interior finish 
materials would result in a reduced “risk” of ignition and potentially time to flashover conditions 
depending on the configuration of the room of fire origin. By doing so, such reduced risk would allow 
achieving the NBCC objectives and functional statements [F02 – OS1.2, OP1.2] when developing an 
alternative solution. 
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1 Objectives 

The key objective of this study was to evaluate the surface burning characteristics (flame spread rating) of 
cross-laminated timber (CLT) in accordance with ULC S102 test method. 
 
More specifically,  this study is solely focussed on massive timber assemblies that are thick enough for 
acting as semi-infinite solids (thermally thick solids) as opposed to typical thin combustible finish 
products. 
 

2 Introduction 
Advanced wood building systems form a significant market opportunity for wood use in taller and larger 
buildings, which are currently required to be of non-combustible construction in accordance with 
provisions set forth in Part 3 of Division B of the National Building Code of Canada (NBCC) [1, 2]. 
 
The spread of flames over solid materials is a fundamental behavior influencing the fire dynamics and 
growth within a compartment. As such, NBCC set prescriptive limits on the use of wood products in such 
building types due mainly to potential fire hazard. Typically, NBCC limits surface flammability 
characteristics (i.e. flame spread) of combustible interior finishes, while limiting their thickness up to 25 
mm when used in buildings required to be of non-combustible construction. 
 
With increased use of wood in taller and larger buildings, there are more stringent requirements for both 
flame spread and fire-resistance. Flame spread ratings are traditionally assessed by exposing a 19 mm 
specimen to the ULC S102 test method [3], also called the “Steiner Tunnel” test (Figure 1). These thin 
elements, usually interior finish materials, tend to heat up faster and ignite faster. However, with the 
advent of CLT and SCL, massive structural timber elements can be used and provide an enhanced fire 
performance while potentially remaining exposed. Such massive elements act as a semi-infinite slab and 
exhibit a significantly different fire behavior when compared to thinner elements. 
 

 
 
Figure 1  Steiner tunnel apparatus at Intertek in Coquitlam, BC 
 



Surface Burning Characteristics of V2 Stress Grade Cross-Laminated Timber   

 Project No 301007969 

 

 
 2013 FPInnovations. All rights reserved. 

®  FPInnovations, its marks and logos are registered trademarks  
 of FPInnovations 

2 of 25 

 

3 Background 
In order to evaluate the surface burning characteristics of massive timber assemblies such as CLT and 
Structural Composite Lumber (SCL), flame spread tests on massive timber assemblies have been 
conducted in accordance with ULC S102 test method [4]. Two series of 3-ply CLT panels of 105 mm in 
thickness, meeting the requirements of the E1 stress grade from ANSI/APA PRG-320 [5, 6] (i.e., 
manufactured with machine stress rated Spruce-Pine-Fir (SPF) lumber) have been evaluated for flame 
spread and smoke developed classification. The first test series was conducted with fully exposed to fire 
CLT panels while the second test series consisted of CLT protected from fire exposure with a proprietary 
intumescent coating (Flamebloc® GS 200). Lastly, a third set comprised of SCL from 89 mm thick 
parallel strand lumber (Parallam® PSL) and laminated strand lumber (TimberStrand® LSL) fully 
exposed to fire have been evaluated. Fully exposed CLT (105 mm) as well as PSL and LSL specimens 
(89 mm) provided much lower flame spread ratings, ranging from 35 to 75, when compared to thinner 
similar products. 
 
Such massive elements act as a semi-infinite slab (thermally thick) and exhibit a significant different fire 
behavior when compared to thinner elements, such as those of common combustible interior finish 
materials provided in Appendix D-3 of NBCC [4]. Thin elements would most likely exhibit faster heat 
conduction, thus a faster time to ignition and flame spread as opposed to thicker products such as those 
evaluated in this study. 
 
The test results suggest that there is a correlation between flame spread rating and  thickness of the 
material. In fact, the depth of penetration of heat is related to the thermal diffusivity of materials and is an 
important attribute that need to be fulfilled in order to treat a certain assembly as a semi-infinite solid 
(thermally-thick). 
 
Detailed information with respect to flame spread rating, requirements set forth in the NBCC as well as 
description of the ULC S102 standard test can be found in [4]. 
 

4 Materials and Methods 
The tested specimens were subjected to ULC S102, “Standard Method of Test for Surface Burning 
Characteristics of Building Materials and Assemblies” [3], to evaluate their flame spread ratings and 
smoke developed classification. These tests were all conducted at the Intertek Evaluation Center in 
Coquitlam, BC. 
 
Specimens consisted of three identical 3-ply V2 stress grade CLT panels manufactured with visually 
graded Spruce-Pine-Fir (SPF) lumber in accordance with ANSI/APA PRG-320 standard [5, 7]. 
 
The panels were 99 mm thick, 608 mm wide and 2438 mm long with vertical butt joints with a reported 
density of 515 kg/m³ [8] (Figure 2). The panels were placed end-to-end in the furnace to accommodate 
the 7315 mm (24 ft.) total sample length and were fully exposed to fire (Figure 3). A 6 mm thick cement 
board was placed on top of the CLT specimens. Three tests were conducted, as per the standard, to 
achieve an average value. The specimens were tested on September 19, 2013. 
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Figure 2  99 mm (3-ply) Cross-laminated timber samples delivered at Intertek 
 
 

 
a) CLT 99 mm thick 

 
b) Butt-joints with small gap 

 
c) Tightly-fit butt-joints 

 
Figure 3  99 mm (3-ply) Cross-laminated timber installed in the Steiner tunnel 
 
 

5 Results 
The fire-exposed side of an uncoated (untreated) CLT specimen before and during a test is shown in 
Figure 4. In all three tests, the surface ignition times were recorded as 58, 37 and 47 seconds. None of the 
tests reached the end of the tunnel. The maximum observed flame fronts are 3345, 2414 and 2724 mm. 
Typical time-distance and time-temperature curves observed during the tests are shown in Figure 5 and 
Figure 6 respectively. The flame spread values for the uncoated (untreated) 3-ply CLT specimens are 
given in Table 1. A copy of the test report is presented in Appendix I. The specimens were placed in a 
conditioning room where they remained in an atmosphere of 23 ± 3°C and 50 ± 5% relative humidity 
prior to the tests. Moisture contents were also recorded using a handheld moisture meter using the SPF 
setting (Table 1). 
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a) CLT before boards ingnited 

 
b) CLT during the ULC S102 test 

 
Figure 4 Cross-laminated timber (uncoated) in the ULC S102 test 
 
 
 
Table 1 ULC S102 test results for 99 mm V2 stress grade CLT [9] 
 

Uncoated 3-ply CLT 
(99 mm) 

Moisture 
Content 

Flame Spread 
Value 

Flame Spread 
Rating 

Smoke 
Developed 

Smoke Developed 
Classification 

Run 1 10.9% 47 
40 

47 
30 Run 2 11.6% 39 21 

Run 3 11.3% 41 29 
 
 
 

 
 
Figure 5  Time-distance curve of a 99 mm uncoated CLT (run 2) 
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Figure 6  Time-temperature curve of a 99 mm uncoated CLT (run 2) 
 
 
The condition of the exposed side of the 1st panel (i.e. located directly underneath the flame) after the test 
can be seen in Figure 7a, demonstrating charring of the wood. Figure 7b shows the char depth at the 1st 
CLT panel-to-panel joint (i.e. between the 1st and 2nd panels). It can also be observed from Figure 8 that 
the flame front indeed did not reach the end of the tunnel. In fact, the charred portion stopped in the 2nd 
CLT panel and the 3rd CLT panel has no charred wood, it is only slightly covered with soot. 
 
 

 
a) Exposed face of uncoated CLT 

 
b) Edge view of middle CLT panel 

 
Figure 7  Charring of the uncoated cross-laminated timber 
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a) 1st (first) CLT panel 
 

b) 2nd (middle) CLT panel 
 

c) 3rd (last) CLT panel 
 
Figure 8  Fire-exposed surface of a 99 mm CLT after a ULC S102 test 
 
 
 

6 Discussion 

6.1 Effect of Thickness on Flame Spread Rating 

Traditionally, combustible interior wall and ceiling finishes have been evaluated for flame spread using 
specimens of 19 mm in thickness. However, tests recently conducted on massive timber element such as 
CLT and SCL suggest that increasing the thickness to at least 32 mm reduces the flame spread rating 
considerably [4]. It should be reminded that 32 mm represents a fair minimum thickness for wood 
products to behave as semi-infinite solids (thermally thick). 
 
The test conducted in this series also provides similar trend (Table 2 and Figure 9). Cross-laminated 
timber (99 and 105 mm) and structural composite lumber (89 mm) provided very low flame spread 
ratings ranging from 35 to 75 when compared to thinner similar products. 
 
Table 2   Flame spread rating of CLT and SCL products [4, 9] 
 

Material Product 
Thickness 

(mm) 
Flame Spread 

Rating 

Structural 
Composite 
Lumber 

Parallam® PSL 38 50 
89 35 

Microllam® LVL 45 50 
Brisco Mfg. LVL 140 35 

TimberStrand® LSL 32 140 
89 75 

Lumber 

Red oak 19 100 
Sitka spruce 19 74 
CLT (SPF – E1 stress grade) 105 35 
CLT (SPF – V2 stress grade) 99 40 
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Figure 9 Flame spread rating for differemt materials of various thicknesses 
 
 
6.2 Objective-based Design 
As explained in [4], the rate at which a fire grows has a significant impact on the life safety of occupants 
and the available time to evacuate. This is directly influenced by the surface flammability of building 
contents and materials. As such, the NBCC places limits on the surface flammability of materials in an 
attempt to control the fuel load, which is related to the “control fuel” branch of the NFPA Fire Safety 
Concepts tree [10, 11]. More precisely, the objectives and functional statements attributed to flame spread 
rating requirements set forth in sub-section 3.1.13 of Division B from NBCC are [F02-OS1.2, OP1.2]. 
The intent of these attributions is [12]: 
 

“To limit the probability that certain finishes having an inappropriately high 
flame-spread property will be used in certain building locations, which could 
lead to the spread of fire across the exposed surfaces of the finishes, which 
could lead to harm to persons and damage to the building.” 

 
As a prescriptive regulation, flame spread tests are successful in the reduction of fire hazards but are 
impractical in providing scientific/engineering data for fire modeling or in useful bench-scale tests for 
product development. Other full-scale tests (such as the room/corner test) can produce quite different 
results because of the size of the ignition burner or test geometry [13]. On this matter, White et al. [14] 
evaluated several lining products under different room/corner protocols and found that the ISO 9705 [15] 
protocol produced results that were consistent with expected performance from the ASTM E84 test 
method. Figure 10 shows that a correlation between the time to flashover conditions in the room/corner 
test and the flame spread indices of products may exist. 
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Figure 10 Times to flashover conditions and ASTM E84 flame spread index (adapted from [14]) 
 
The prescriptive provisions given in Division B of the NBCC provide “acceptable solutions” which are 
predesigned compliance recipes deemed-to-satisfy the NBCC objectives and functional statements. They 
are also deemed to achieve minimum performance levels without explicitly stating what those levels 
actually are and aim at “limiting the probability” of “unacceptable risk”. The phrase “unacceptable risk” 
acknowledges that the NBCC cannot eliminate all risk, whereas an “acceptable risk” is the risk remaining 
once compliance with the NBCC has been achieved [1, 2]. 
 
Therefore, an alternative solution using massive timber components, such as those tested in this study 
which exhibit much lower flame spread ratings than typical combustible interior finish materials, would 
result in a reduced “risk” of ignition and potentially longer time to flashover conditions depending on the 
configuration of the room of fire origin. The use of products exhibiting low flame spread ratings (FSR of 
35) could also potentially be used in areas where the NBCC requires FSR to be not more than 25, 
provided that other means are provided to reduce the global risk attributed to the alternative solution. By 
doing so, such reduced risk would allow achieving the NBCC objectives and functional statements [F02 – 
OS1.2, OP1.2]. 
 
 

  

Range of tested CLT and SCL assemblies 
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7 Conclusions 
In order to evaluate the surface burning characteristics of massive timber assemblies, flame spread tests 
on cross-laminated timber (CLT) were conducted in accordance with ULC S102 test method. Such 
massive elements act as a semi-infinite slab (thermally thick) and exhibit a significant different fire 
behavior when compared to thinner elements. Thin elements would most likely exhibit faster heat 
conduction, thus a faster time to ignition and flame spread as opposed to thicker products such as those 
evaluated in this study. 
 
Three series of 3-ply CLT panels of 99 mm in thickness manufactured with visually graded Spruce-Pine-
Fir (SPF) lumber in accordance with the V2 stress grade from ANSI/APA PRG-320 have been evaluated 
for flame spread and smoke developed classification. Fully exposed CLT specimens (99 mm) provided 
much lower flame spread ratings (FSR of 40), when compared to thinner similar products. 
 
The test results suggest that there is a correlation between the flame spread rating and the thickness of the 
material. In fact, the depth of penetration of heat is related to the thermal diffusivity of materials and is an 
important attribute that need to be fulfilled in order to treat a certain assembly as a semi-infinite solid 
(thermally-thick). 
 
Lastly, the use of materials that exhibit lower flame spread ratings than typical combustible interior finish 
materials would result in a reduced “risk” of ignition and potentially longer time to flashover conditions 
depending on the configuration of the room of fire origin. By doing so, such reduced risk would allow 
achieving the NBCC objectives and functional statements [F02 – OS1.2, OP1.2] when developing an 
alternative solution. 
 
 

8 Recommendations 
Results from this study provide valuable information regarding surface flammability characteristics of 
CLT panels, provided they are thick enough to be treated as semi-infinite solids (thermally-thick). 
However, there are currently no ISO 9705 room/corner tests conducted with exposed or protected massive 
timber assemblies similar to those conducted by White et al. [14]. It would be required that such tests be 
conducted in order to complement the data shown in Figure 10. 
 
Also, building codes in many countries around the world, including US and Canada, are shifting from 
prescriptive-based to objective-based (in Canada) or performance-based codes (in the US). Both codes are 
very similar with respect to developing alternative solutions. However, in order to conduct objective- or 
performance-based fire design, there is a need to generate material properties for use in fire dynamics 
tools. As such, it would be required to conduct experiment using an oxygen consumption calorimeter 
(Cone Calorimeter) for determining the combustibility parameters of these products. This test allows for 
determining the heat release rate, time to ignition, critical ignition flux, mass loss rates, smoke release 
rates, effective heat of combustion and toxic gas release rates. These measurements could then be used 
directly by researchers and fire engineers or can be used as data for input into correlation or mathematical 
models used to predict fire growth. 
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This report is for the exclusive use of Intertek's Client and is provided pursuant to the agreement between Intertek and its Client. 
Intertek's responsibility and liability are limited to the terms and conditions of the agreement. Intertek assumes no liability to any 
party, other than to the Client in accordance with the agreement, for any loss, expense or damage occasioned by the use of this 
report. Only the Client is authorized to copy or distribute this report and then only in its entirety. Any use of the Intertek name or 
one of its marks for the sale or advertisement of the tested material, product or service must first be approved in writing by 
Intertek. The observations and test results in this report are relevant only to the sample tested. This report by itself does not imply 
that the material, product, or service is or has ever been under an Intertek certification program. 
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2 Introduction 
 
Intertek Testing Services NA Ltd. (Intertek) has conducted testing for FP Innovations to evaluate 
the surface burning characteristics of cross-laminated timber.  Testing was conducted in 
accordance with the standard methods of CAN/ULC S102-10, Standard Method of Test for 
Surface Burning Characteristics of Building Materials and Assemblies. 
 
This evaluation began September 19, 2013 and was completed the same day.  Testing was 
witnessed by Mr. Christian Dagenais representing FP Innovations. 
 

3 Test Samples 
 
3.1. SAMPLE SELECTION 
 
Samples were submitted to Intertek directly from the client and were not independently selected 
for testing.  The sample panels were received at the Evaluation Center on September 12, 2013. 
 
3.2. SAMPLE AND ASSEMBLY DESCRIPTION 
 
Upon receipt of the samples at the Intertek Coquitlam laboratory, they were placed in a 
conditioning room where they remained in an atmosphere of 23  3C (73.4  5F) and 50  5% 
relative humidity. 
 
The sample material was prepared by the client and consisted of 3 ply SPF panels.  Each 
sample panel measured 3.9 in. thick by 24 in. wide by 8 ft. long, and was identified by the client 
as 3 Ply SPF Cross-Laminated Timber (CLT).  
 
For each trial run, three 8 ft. long by 24 in. wide sample panels were butted together end to end 
and placed on the upper ledge of the flame spread tunnel to form the required 24 ft. sample 
length.  A layer of 6 mm reinforced cement board was placed over top of the samples, the 
tunnel lid was lowered into place, and the samples were then tested in accordance with 
CAN/ULC S102-10. 
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4 Testing and Evaluation Methods 
 
4.1. TEST STANDARD 
 
The results of the tests are expressed by indexes, which compare the characteristics of the 
sample under tests relative to that of select grade red oak flooring and inorganic-cement board. 
 
(A) Flame Spread Classification: 
 

This index relates to the rate of progression of a flame along a sample in the 25 foot 
tunnel.  A natural gas flame is applied to the front of the sample at the start of the test 
and drawn along the sample by a draft kept constant for the duration of the test.  An 
observer notes the progression of the flame front relative to time. 

 
The test apparatus is calibrated such that the flame front for red oak flooring passes out 
the end of the tunnel in five minutes, thirty seconds (plus or minus 15 seconds). 

 
 
(B) Smoke Developed: 
 

A photocell is used to measure the amount of light, which is obscured by the smoke 
passing down the tunnel duct.  When the smoke from a burning sample obscures the 
light beam, the output from the photocell decreases.  This decrease with time is 
recorded and compared to the results obtained for red oak, which is defined to be 100. 
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5 Testing and Evaluation Results 
 
5.1. RESULTS AND OBSERVATIONS 
 
(A) Flame Spread 
 
The resultant flame spread classifications are as follows: 
(Classification rounded to nearest 5) 
 

3 Ply SPF Cross-Laminated Timber 
(CLT) 

Flame Spread Flame Spread 
Classification 

 
Run 1 47 

40 
 

Run 2 39 
 

Run 3 41 

 
(B) Smoke Developed 
 
The areas beneath the smoke developed curve and the related classifications are as follows: 
(Classification rounded to nearest 5) 
 

3 Ply SPF Cross-Laminated Timber 
(CLT) Smoke Developed Smoked Developed 

Classification 
 

Run 1 47 

30 
 

Run 2 21 
 

Run 3 29 

 
(C) Observations 
 
During the test runs, surface ignition occurred between 37 and 58 seconds. 
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6 Conclusion 
 
The 3 Ply SPF Cross-Laminated Timber (CLT), submitted by FP Innovations, exhibited the 
following flame spread characteristics when tested in accordance CAN/ULC S102-10, Standard 
Method of Test for Surface Burning Characteristics of Building Materials and Assemblies. 
 
A series of three test runs of each material was conducted to conform to the requirements of the 
National Building Code of Canada. 
 

Sample Flame Spread 
Classification 

Smoke Developed 
Classification 

 
3 Ply SPF Cross-Laminated Timber 

(CLT) 40 30 

 
The conclusions of this test report may not be used as part of the requirements for Intertek 
product certification.  Authority to Mark must be issued for a product to become certified. 
 
 
INTERTEK TESTING SERVICES NA LTD. 
 
 
 
Tested and 
Reported by:   

Greg Philp 
Technician – Building Products 

 
 
 
Reviewed by:    

Kal Kooner, P.Eng. 
Manager – Engineering Services 
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APPENDIX A 
 

DATA SHEETS 
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CAN/ULC S102-10 DATA SHEETS 

Run 1 
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CAN/ULC S102-10 DATA SHEETS 

Run 1 
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CAN/ULC S102-10 DATA SHEETS 

Run 2 
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CAN/ULC S102-10 DATA SHEETS 

Run 2 
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CAN/ULC S102-10 DATA SHEETS 

Run 3 
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CAN/ULC S102-10 DATA SHEETS 

Run 3 
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