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Abstract 

A series of 3 cross-laminated timber (CLT) fire-resistance tests were conducted in accordance with ULC 
S101 standard as required in the National Building Code of Canada. 
 
The first two tests were 3-ply wall assemblies which were 105 mm thick, one unprotected and the other 
protected with an intumescent coating, FLAMEBLOC® GS 200, on the exposed surface.  The walls were 
loaded to 295 kN/m (20 250 lb./ft.). The unprotected assembly failed structurally after 32 minutes, and the 
protected assembly failed after 25 minutes. 
 
The third test consisted of a 175 mm thick 5-ply CLT floor assembly which used wood I-joists, resilient 
channels, insulation and 15.9 mm (⅝ in.) Type X gypsum board protection. A uniform load of 5.07 kPa 
(106 lb./ft²) was applied. The floor assembly failed after 138 min due to integrity. 
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1 Objective 

Nordic Engineered Wood has commissioned three proprietary fire-resistance tests of cross-laminated 
timber (CLT) assemblies in coordination with FPInnovations and the Canadian Wood Council. The 
objective of the testing series was to assess the fire-resistance of different CLT assemblies. 
 
The test series included an untreated 3-ply wall, a 3-ply wall protected with FLAMEBLOC® GS 200 
intumescent coating [1] and a 5-ply floor assembly. The tests were completed at the Intertek Evaluation 
Center in San Antonio, Texas and conducted in accordance with ULC S101 “Standard Methods of Fire 
Endurance Tests of Building Construction and Materials” as required in the National Building Code of 
Canada (NBCC) [2, 3, 4]. 
 
FPInnovations staff attended the untreated 3-ply wall test but was unable to attend the subsequent wall 
and floor tests. 
 
 

2 Staff 

Lindsay Osborne, M.A.Sc. Scientist, Serviceability & Fire Group, FPInnovations 
Christian Dagenais, Eng, M.Sc Scientist, Serviceability & Fire Group, FPInnovations 
 
 

3 Materials and Methods 

3.1 3-ply CLT Wall Assemblies 

The wall assembly consisted of three 3-ply E1 stress grade CLT panels where the laminations were of 
lumber 35 mm thick by 89 mm wide manufactured in accordance with ANSI/APA PRG 320 [5]. The 
outer longitudinal plies used SPF 1950 MSR, while the inner transverse ply was SPF No.3/stud grade.   
There was one large centre panel and two smaller side panels, all measuring 3048 mm long.  The centre 
panel measured 2438 mm wide (including two 64 mm single lap joints), and the two side panels were 369 
mm also including a lap joint.  A single bead of Loctite ® PL 400 construction adhesive was placed along 
the joint. The details of the wall configuration can be seen in Figure 1. 
 
The panels were screwed together using 6 x 100 mm ASSY ECOFAST screws spaced every 300 mm 
starting 174 mm from the end.  A screw was also placed 60 mm from the end. The walls were constructed 
with the exterior laminations oriented vertically. 
 
The goal of the tests was to achieve at least a 30 minute rating for the assemblies.  This is based on 
calculations of the fire resistance based on the applied load. 
 
The first assembly tested did not have any coating or treatment applied.  The second test had a fire 
retardant treatment, FLAMEBLOC® GS 200, applied to the exposed side. Additional pictures from the 
wall assemblies during construction can be found in the Intertek test reports, presented in Appendix I and 
Appendix II. 
 
All measures were done in general agreement with the specified standards and protocols. The precision 
levels were in accordance with the technical requirements. 
.
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3.1.1 Testing Procedure 

The tests were performed in accordance with ULC S101 standard; however, no hose stream test was 
conducted.  Thermocouples 1 through 9 were placed in accordance with the standard. For the unprotected 
test thermocouple 10 was placed at the center of the first quadrant, and thermocouple 11 was above a 
joint, shown in Figure 2.  For the protected test, thermocouples 10 and 11 were both located above joints 
(Figure 3).  A wire was hung horizontally across the assembly, just below the centerline.  This was used 
to visually gauge deflections so no other deflection measuring devices were used. 
 

 
 
Figure 1 CLT wall configuration and details 
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Figure 2 Thermocouple placement for 3-ply unprotected CLT wall assembly 
 

 
Figure 3 Thermocouple placement for 3-ply CLT protected wall assembly 
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3.1.2 Loading Conditions 

The walls were tested to a superimposed load of 295 kN/m (20,250 lb./ft.), for an equivalent pressure of 
15,700 psi applied through the hydraulic lines. This is equivalent to 75 percent of factored axial 
compression resistance. Load calculations can be found in Appendix I. 
 
3.2 5-ply CLT Floor Assembly 

The floor assembly measured 5 791 mm x 3 963 mm (19’ x 13’) and consisted of two 5-ply E1 stress 
grade CLT panels where the laminations are of lumber 35 mm thick by 89 mm wide manufactured in 
accordance with ANSI/APR PRG 320. The outer longitudinal plies used SPF 1950 MSR, while the inner 
transverse ply was SPF No.3/stud grade. The panels were joined at 64 mm single lap joints using ASSY 
ECOFAST 3.0 screws (6 x 160 mm long).  The screws were spaced at 300 mm, starting 196 mm from at 
either end.  Details of the floor assembly can be found in Figure 4. 
 
Below the CLT panels were seven (7) 200 mm NI-40X prefabricated wood I-Joists spaced at 610 mm 
(24 in.) on center. These were secured to the CLT panels using two #8 x 3” wood screws through the 
top flange of the I-joists and located inside the furnace so that only the CLT was supporting the load. A 
cross-section of the assembly can be found in  
Figure 5. 
 
One layer of 15.9 mm (⅝ in.) Type X gypsum board was hung on 12.7 mm (½ in.) 25 GA resilient 
channels which were oriented perpendicular to the I-joists. They were spaced at 406 mm (16 in.) on 
center.  The channels were secured to the joists using 32 mm (1¼ in.) Type S screws. The cavity 
contained one layer of 89 mm (3½ in.) mineral wool insulation. Additional pictures from the floor 
assembly during construction can be found in the Intertek test report, presented in Appendix IV. 
 
All measures were done in general agreement with the specified standards and protocols. The precision 
levels were in accordance with the technical requirements. 
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Figure 4 CLT floor configuration and details 
 

 
 
Figure 5 CLT floor cross-section B-B 
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3.2.1 Testing Procedure 

The test was performed in accordance with ULC S101; however, no hose stream test was conducted.  
Thermocouples 1 through 9 were placed in accordance with the standard, with two additional 
thermocouples, #10 and 11, being placed over the joint, see Figure 6. 
 

 
 
Figure 6 Thermocouple placement for 5-ply CLT floor assembly 
 
3.2.2 Loading Conditions 

The floor assembly was tested at a superimposed load of 5.07 kPa (106 lb./ft²). 
 

4 Results 

4.1 Unprotected 3-ply CLT Wall Assembly 

The test was conducted on May 17th, 2012.  The full load was reached after preloading with no apparent 
changes to the wall.  Slight deflections of 1.5 mm (1/16 in.) were noted, which were more apparent towards 
the right side.  The test began at 10:45 a.m.  The ambient temperature at the beginning of the test was 
27°C (81°F).  The unexposed and exposed sides of the assembly before the test are shown in Figure 7.  
Detailed observations can be found in Table 1. The full Intertek laboratory test report can be found in 
Appendix II. 
 
The furnace temperature is controlled manually by adjusting the flow through the propane burners. This 
resulted in fluctuations in temperatures and the amount of burner flames can be significantly reduced to 
account for furnace temperatures that are above the standard fire curve. This is demonstrated by little or 
no flaming in the furnace shown in Figure 8a.  Once the burners were turned up again, flaming of the 
CLT surface was apparent as seen in Figure 8b. 
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Some light glowing was first observed at the left joint after 27 minutes of fire exposure (Figure 9a). The 
glowing progressively extended up and down the joint (Figure 9b). The wall eventually failed structurally 
after 32 minutes with all three panels buckling outwards (Figure 10). Figure 11 shows the condition of the 
exposed side after the test. 
 
Once the load was removed, the left panel (from the unexposed side) seemed to have one board of the 
first ply separate which exposed the uncharred wood beneath. At this location it appeared as though 
charring had reached mid-depth of the first ply (Figure 12). Sections of the exposed side of the first layer 
fell off, up to roughly mid-depth, but the majority of the wall was still in place following the test. 
 
Table 1 Test observations of 3-ply unprotected wall assembly 
 

Time Observations 

0:00:00 Ignition of burners. 
0:01:00 Sound of wood burning. 
0:01:30 Hose used to cool down furnace. 
0:02:00 Flame have subsided. 
0:05:00 Panel beginning to reignite. 
0:05:45 Sound of wood burning again. 
0:06:45 Level of burning has decreased. 
0:08:00 No flames. 
0:09:00 Flaming again. 
0:12:30 Minimal burning. 
0:14:00 Full flaming. 
0:17:00 No visible deflection. 
0:18:40 Sound of burning wood. 
0:19:30 Moderate amount of flaming. 

0:22:00 Difficult to judge if any pieces have fallen off. Some slight visual 
deflections, but are difficult to gauge. 

0:27:00 Light glowing observed at left joint. Approx.3 feet from bottom. 
0:28:00 Glowing at joint is beginning to extend down panel. 
0:30:00 Can hear wood burning. Glowing now spreading upwards. 
0:30:30 Some faint glowing observed also on right joint. 
0:32:13 Structural failure.  All three panels buckled outwards. 

 

 
a) Thermocouples at the unexposed side 

 
b) Exposed side before test 

 
Figure 7 Unprotected CLT wall assemblyt test configuration
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a) Assembly early in the test with little to no flaming 

 
b) Assembly during test 

 
Figure 8 Exposed side of unprotected CLT wall assembly 
 
 

 
a) First observation of glowing at left joint 

 
b) Glowing at joint becomes more prominent 

 
Figure 9 Glowing observation at left joint of unprotected CLT wall assembly 
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Figure 10 Structural failure (buckling) of unprotected CLT wall assembly 
 

 
 
Figure 11 Unprotected wall assembly being removed from furnace after test 
 



Fire-Resistance Test Report of E1 Stress Grade Cross-Laminated Timber Assemblies   

 Project No 301006155 

 
 2013 FPInnovations. All rights reserved. 

®  FPInnovations, its marks and logos are registered trademarks  of FPInnovations 
10 of 172 

 

 
 
Figure 12 Ply separated from un protected wall assembly, exposing uncharred wood 
4.2 Protected 3-ply CLT Wall Assembly 

As no FPInnovations staff were present at this test the following observations (Table 2) and photos were 
taken by laboratory staff at Intertek.  The full Intertek laboratory test report can be found in Appendix III.  
Testing took place on May 21st, 2012 
 
Figure 13a demonstrates the protected (exposed) side of the assembly before the test began. Once the test 
started, the exposed surface began to burn (Figure 13b). After 20 minutes there were no visible 
deflections, smoke, or hot spots on the unexposed surface. At 21:30 glowing was visible  through the joint 
on the right side of the assembly, approximately 609 mm (2”) from the bottom, as shown in Figure 14a. 
The assembly failed structurally after 25 minutes. All panels buckled outwards away from the furnace 
(Figure 14b).  The condition of the exposed side of the assembly immediately after the test can be seen in 
Figure 15.  
 
Interestingly, the treated CLT assembly failed 7 minutes earlier than the untreated wall assembly. One of 
the explanation for such variance is that by the time the intumescent coating no longer provide its thermal 
insulation, the furnace temperature (i.e. heat flux emitted to the CLT surface) is much greater and the 
uncharred wood then ignite and burns faster than usual (faster than 0.65 mm/min), reducing the effective 
cross-section much faster. It should be reminded that intumescent coatings are typically used to reduce the 
surface burning characteristics of materials (i.e. flame spread) and are not specifically intended to increase 
the overall fire-resistance of an assembly. 
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Table 2 Test observations of 3-ply protected wall assembly 
 

 
 

 
a) Exposed side before test 

 
b) Assembly during test 

 
Figure 13 Protected CLT wall assemblyt test 
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a) First observation of glowing at right joint 

 
b) Buckling away from furnace 

 
Figure 14 Structural failure (buckling) of protected CLT wall assembly 
 
 

 
 
Figure 15 Protected wall assembly after the test 
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4.3 5-ply CLT floor Assembly 

The test was conducted on August 24th, 2012.  FPInnovations staff were not present at the test therefore 
the following observations (Table 3) and photos were taken by laboratory staff at Intertek.  The complete 
Intertek laboratory test report can be found in Appendix IV. 
 
The exposed and unexposed sides of the assembly before the test can be seen in Figure 16. After 22 
minutes into the test, light flaming was observed at one of the gypsum board joints and sections of the 
gypsum board began falling off after 35 minutes (Figure 17).  
 
 



Fire-Resistance Test Report of E1 Stress Grade Cross-Laminated Timber Assemblies   

 Project No 301006155 

 
 2013 FPInnovations. All rights reserved. 

®  FPInnovations, its marks and logos are registered trademarks  of FPInnovations 
14 of 172 

 

Table 3 Test observations of 5-ply floor assembly 
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a) Exposed side before test 

 
b) Unexposed side before test 

 
Figure 16 Protected CLT floor assemblyt test 
 
 

 
a) Light flaming at gypsum board joints 

 
b) Gypsum board beginning to fall off 

 
Figure 17 Gypsum board protection during the fire-resistance test 
 
 
At 52 minutes, deflections reached roughly 13 mm (½ in.). Popping and cracking sounds were heard 
around 128 minutes. The assembly failed due to integrity after 137 minutes when the joint opened up and 
was no longer able to prevent the passage of flame or gases hot enough to ignite a cotton pad (Figure 
18a).  The condition of the exposed side of the assembly after the test can be seen in Figure 18b. 
 
Floor deflections were measured during the test and are presented in Table 4.  The maximum deflection at 
failure was 127 mm (5 in.). 
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a) Integrity failure 

 
b) Exposed side after test 

 
Figure 18 CLT floor assembly failing due to integrity 
 
 
Table 4 CLT floor assembly deflections 
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5 Conclusion 
In an attempt to assess the fire-resistance of different CLT assemblies, Nordic Engineered Wood has 
commissioned three proprietary fire-resistance tests of cross-laminated timber (CLT) assemblies in 
coordination with FPInnovations and the Canadian Wood Council. The test series included 1) an 
untreated 3-ply wall, 2) a 3-ply wall protected with intumescent coating and 3) a 5-ply floor assembly. 
The tests were completed at the Intertek Evaluation Center in San Antonio, Texas and conducted in 
accordance with ULC S101 “Standard Methods of Fire Endurance Tests of Building Construction and 
Materials” as required in the National Building Code of Canada. 
 
The first two tests consisted of 3-ply E1 stress grade CLT wall assemblies which were 105 mm thick, one 
unprotected and the other protected with an intumescent coating, FLAMEBLOC® GS 200, on the 
exposed surface.  The walls were tested at a superimposed load of 295 kN/m (20 250 lb./ft.). The 
unprotected assembly failed structurally after 32 minutes, therefore meeting a 30 minute fire-resistance 
rating. The protected assembly failed after 25 minutes. 
 
The third test consisted of a 5-ply E1 stress grade CLT floor assembly, 175 mm thick, which used 
prefabricated wood I-joists, resilient channels, insulation and 15.9 mm Type X gypsum board protection.  
A uniform superimposed load of 5.07 kPa (106 lb./ft²) was applied. The floor assembly failed after 138 
min due to integrity criteria, therefore achieving a 2-hours fire-resistance rating. 
 
 

6 Recommendations 
There is a need to continue to generate full-scale fire-resistance test data for refining and reducing the 
implicit conservatism of the existing fire-resistance calculation methods provided in both Canadian and 
US CLT handbooks [6, 7]. It has been observed from previous full-scale tests that integrity seems a 
predominant failure mode for CLT floors, while buckling is typically observed with CLT walls [8]. As 
such, calculation models to address structural, integrity and insulation criteria are needed. 
 
Moreover, there is little published data on how the use of intumescent coatings affects the fire-resistance 
of an assembly; therefore more research is warranted for assessing such potential impact on both the 
flame spread rating and the structural fire-resistance. 
 
Lastly, the use of fire-retardant surface treatment, such as intumescent coating, can be a viable option for 
designers wishing to leave the wood or wood-based products fully exposed for aesthetic purposes. The 
conducted flame spread tests on a 105 mm thick cross-laminated timber protected by FLAMEBLOC® GS 
200 intumescent coating provided a rating of 25, which would technically-speaking allow its use in any 
areas including those requiring a flame spread rating of 25 or less, such as escapes routes and elevator 
shafts [9]. However, there are no specific test methods or manufacturing standards that dictate the 
performance of intumescent coatings, the treatment procedure and its long-term durability. These 
products are of proprietary nature and are differently evaluated by each manufacturer. It is strongly 
recommended to consult with the coating manufacturers for obtaining supportive test data and reports for 
validating the claimed flame spread rating and/or fire-resistance effect. 
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Appendix I 
 

Superimposed Load Calculations for 3-ply E1 Stress Grade CLT Wall 
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Calculation of the superimposed (applied) load 
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The compressive resistance parallel to grain is 594 kN/m (40 732 lb./ft.). This value can be used to 
calculate the superimposed load parallel to grain in accordance with ULC S101. 
 
Dead load of Assembly 
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Therefore the load is limited by bearing capacity (Qr). A superimposed load of 295 kN/m (20 250 lb./ft.) 
was applied which represents 75% of the factored axial compressive resistance (Pr). 
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Appendix II 
 

Intertek Test Report 100668113SAT-002A_Rev1 (unprotected 3-ply CLT wall) 
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Appendix III 
 

Intertek Test Report 100668113SAT-002B_Rev1 (protected 3-ply CLT wall) 
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Appendix IV 
 

Intertek Test Report 100668113SAT-005 (5-ply CLT floor) 






























































































































