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1. BACKGROUND
Structural fire-resistance and charring behavior of cross-laminated timber (CLT) have been welldocumented in the past decade. An FPInnovations report [1] provided a summary of fire-related
research conducted in North America on CLT structural elements manufactured in accordance with
ANSI/APA PRG 320 “Standard for Performance-Rated Cross-Laminated Timber” [2]. The report
provided insight into CLT fire behavior when tested at a “component-level” and at a “system-level”.
At the component level, several fire-resistance tests have been conducted with CLT assemblies in
conformance with CAN/ULC-S101 [3] and ASTM E119 [4] standards. The results of these tests [5, 6, 7]
served development of calculation methods for determining fire resistance of CLT elements exposed to
standard fire conditions [8, 9]. It was found from the standard fire-resistance tests that when the 1st
lamination is charred, the general trend is that the charring rate of the subsequent laminations
increases, regardless of whether it was a floor or wall element. It was also found that the thickness of
laminations and the performance at elevated temperature of the adhesives played an important role in
the charring behavior of CLT. These characteristics are typically not observed for glue-laminated timber
face-bonded with phenolic adhesives and resins.
While calculation methods to predict fire-resistance of CLT elements were developed and adapted to
reflect its specific fire behavior, building code officials and fire chiefs, among others, expressed
concerns which may compromise market acceptance of CLT in North American building codes. It was
rapidly agreed at the ANSI/APA PRG 320 Technical Committee that an Adhesive Task Group should
work specifically on identifying a suitable test method and/or develop new and improved method(s) for
evaluating fire (or heat) performance of adhesives used for face bonding in CLT elements. The work is
currently being conducted through the revision cycle of the 2012 version of ANSI/APA PRG 320, in
which FPInnovations actively participates.
The first series of tests conducted by FPInnovations [10], in support to ANSI/APA PRG 320 Adhesive
Task Group, aimed to evaluate the heat delamination characteristics of glue-laminated timber
specimens when face-bonded with four different types of adhesives and subjected to the normative
CSA O177 Annex A.2 small-scale flame test [11]. The four adhesives were: 1-component polyurethane
(PUR1C) currently used in CLT manufacturing, 2-component polyurethane (PUR2C), melamineformaldehyde (MF), and a phenolic-resorcinol-formaldehyde (PRF), the latter three of which are
certified for use in the manufacturing of glulam. The total lengths of delamination measured along the
glue lines of the PUR1C specimens were the greatest of the test series, exceeding the 3 mm maximum
total length set forth in CSA O177. The PUR2C specimens exhibited delamination within the limit of the
standard. The MF specimens showed very little delamination and no delamination occurred in all PRF
specimens. The results suggest that adhesives qualified for manufacturing glulam (i.e. PUR2C, MF and
PRF) provide a better resistance to heat delamination than adhesives qualified for manufacturing CLT
(i.e. PUR1C).
The Adhesive Task Group is seeking to identify a practical and suitable test method to evaluate heat
delamination in engineered wood products. In addition to this, the Task Group would also like to
determine whether the orthogonal configuration of CLT layers impacts adhesive evaluation using the
CSA O177 Annex A.2 flame test. It is noted that the latter was developed for glulam where all
FPInnovations – Project No. 301012214
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laminations are oriented along the same principal axis and thus experience shrinkage in the same
direction. FPInnovations [12] thereafter initiated a second series of tests with CLT specimens rather
than glulam specimens. The same lumber board (same wood species) and the same four adhesives
previously used for the glulam study were used to manufacture small blocks of CLT specimens. The
PUR1C specimens exhibited the greatest amount of delamination, ranging from 10.7 to 17.8 mm, which
is well in excess of the 3 mm maximum allowable limit. Three of the PUR2C specimens exhibited total
delamination lengths greater than 3 mm, which was surprising given that previous tests using a glulam
layup configuration yielded results under 3 mm. The MF specimens showed very little delamination and
no delamination was measured on any PRF specimens. Table 1 summarizes the results from both
studies conducted on glulam and CLT specimens. One can observe that the orthogonal configuration of
the CLT specimens seems to have a considerable impact on the potential heat delamination of glue
lines.
Table 1 – Bond line delamination vs. specimen configuration (as reported in [12])
Bond line delamination length, total from both sides (mm)
Adhesive

Glulam configuration

CLT configuration

Min.
(mm)

Max.
(mm)

Min.
(mm)

Max.
(mm)

PUR1C

3.4

7.1

10.7

17.8

PUR2C

0.0

1.4

1.6

5.8

MF

0.0

0.9

0.0

0.5

PRF

0.0

0.0

0.0

0.0

Further to these findings and in an attempt to enhance the fire performance of future CLT elements,
FPInnovations recommended to the ANSI/APA PRG-320 Adhesive Task Group that the next version of
the CLT manufacturing standard should require adhesives to conform to CSA O112.9 “Evaluation of
Adhesives for Structural Wood Products (Exterior Exposure)” [13]. Moreover, it was recommended that
the small-scale flame test method and its conditions of acceptance, as detailed in the normative Annex
A.2 of CSA O177, also become mandatory. The CLT test specimens should be prepared similarly to
glulam specimens (i.e. as per Annex A.2.2. of CSA O177), but with orthogonal laminations to reflect the
end-use product as described in this study. Moreover, heat performance evaluation of adhesives
should be made on a “product” testing basis rather than as an “adhesive” testing basis; adhesives
should be evaluated using laminations of a recognized wood species group appropriate to the product,
as stipulated in ANSI/APA PRG 320.
In spite of the results presented above, the ANSI/APA PRG 320 Technical Committee remains
uncertain as to whether building officials and fire chiefs would deem these changes to be adequate for
alleviating their concerns given that a number of compartment fire tests showed that exposed surfaces
of CLT have a significant impact on the fire growth, intensity and duration [14, 15], which was not
observed in CLT compartments fully encapsulated by fire-resistance rated gypsum board [16, 17]. Heat
delamination of CLT laminations can produce considerable fire growth intensity at a later stage in a fire
FPInnovations – Project No. 301012214
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when fresh and uncharred lumber suddenly becomes exposed to fire and ignites, as opposed to
continuously decreasing once the decay phase is initiated. A third series of tests were immediately
undertaken by FPInnovations [18] to assess the heat release rate (HRR) and fire growth contribution
due to heat delamination characteristics of CLT manufactured with current certified ANSI/APA PRG 320
adhesives used for face bonding. This preliminary study used commercially-available CLT elements
exposed to a constant radiant heat flux and provided recommendations for identifying potential heat
delamination. Fall-off of the exposed laminations occurred in half of the tested specimens. At the time
when the fall-off occurred, a sharp increase in heat release rate was observed, similar to the HRR
profiles obtained from compartment fire tests. For the specimens that did not exhibit fall-off, a closer
review of the test data and specimens during the tests indicated that the face lamination was peeling
away, due to wood shrinkage, thus slowly exposing the 2nd lamination to flaming. At that time, the HRR
slowly started to deviate from the control solid wood specimen, suggesting a contribution to fire. The
results obtained during the preliminary test series highlighted that an actual fall-off cannot be the sole
criteria for evaluating whether an adhesive exhibits heat delamination and whether it could contribute to
fire growth in a real fire scenario.
In an attempt to properly assess an adhesive’s heat delamination characteristic (i.e. fall-off or peeling),
the results from the adapted test method should be compared to that of a reference specimen
consisting of a wood block of the same dimensions, species and density, and in which no glue line is
expected to be charred throughout the test duration. Moreover, it is recommended that a thorough
analysis of the test data, as it relates to the 5 indicative signs below, be performed to properly
investigate the behavior of glue lines in engineered wood products, and how it relates to potential HRR
contribution and fire growth. The 5 recommended test data analysis criteria are:
1. A deviation in heat release rate when charring through the glue line;
2. Complete or partial lamination fall-off (observed visually);
3. Lamination peeling away, without necessarily falling-off (observed visually);
4. Sharp temperature rise; and
5. Sudden mass loss.

FPInnovations – Project No. 301012214
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2. OBJECTIVE
The main objective of this study is to evaluate the heat release rate and fire growth contribution due to
heat delamination characteristics of CLT manufactured with four types of adhesives used for face
bonding, when exposed to a constant radiant heat flux. The evaluation is performed using the principles
of ISO 5660-1 “Reaction-to-fire tests - Heat release, smoke production and mass loss rate – Part 1:
Heat release rate (cone calorimeter method)” [19]. The American version of this test method is ASTM
E1354 « Standard Test Method for Heat and Visible Smoke Release Rates for Materials and Products
Using an Oxygen Consumption Calorimeter » [20].
The long-term objective is to determine which currently accepted test methods allow for the most
suitable evaluation of heat delamination characteristics of adhesives used in structural engineered
wood products, based on their actual end-use applications (e.g. bending, compression, combined
stress, cross-plies, etc.).

3. TECHNICAL TEAM
•

Christian Dagenais

Senior Scientist, Advanced Building Systems

•

Lindsay Ranger

Scientist, Advanced Building Systems

•

Stephan Raymond

Principal Technologist, Engineered Wood Products Manufacturing

•

Francine Côté

Principal Technologist, Engineered Wood Products Manufacturing

4. MATERIALS AND METHODS
This section provides information related to the methodology. Further details can be obtained in [18].

4.1 Cone Calorimeter
Given that the objective of this study is to evaluate the heat release rate and fire growth contribution
due to heat delamination characteristics of CLT, a vertical orientation was chosen in an attempt to allow
laminations to fall-off, if any. The CLT specimen was exposed to a 50 kW·m-2 irradiance level and was
protected on 3 sides using a low-density refractory blanket (Figure 1a), simply stapled towards the back
end of the specimen (i.e. no staples in the exposed lamination to allow full movement/fall-off, if any).
Figure 1b shows a vertical CLT specimen exposed to the radiant heat.
Furthermore, the cone calorimeter can evaluate ignitability, heat release rate, effective heat of
combustion, smoke production and obscuration, mass loss and CO and CO2 emissions; however, only
the heat release rate and mass loss were monitored during this study.

FPInnovations – Project No. 301012214

Page 4 of 23

Glulam and CLT Innovative Manufacturing Processes and Product Development:
Fire Performance of Adhesives in CLT – Part 2 – Cone Calorimeter Test

a) Specimen protected on 3 sides (as in [18])

b) Vertical orientation (this study)

Figure 1 – FPInnovations cone calorimeter

4.2 Specimen Preparation
Specimens used for this test series were cut from the CLT blocks manufactured for the CSA O177
Annex A.2 flame test, as reported and detailed in [12]. Four (4) CLT blocks were constructed using
black spruce C-grade lamstock at the FPInnovations laboratory in Quebec City. The lamstock was
graded in accordance with CSA O122 “Structural Glued-Laminated Timber” [21] by a certified glulam
manufacturer. The CLT blocks were configured in accordance with most of the requirements detailed in
Annex A.2 of CSA O177 (but with orthogonal layers to replicate CLT). The lumber relative density
ranged between 0.48 and 0.58, in accordance with CSA O112.9 and CSA O177. Given the size
limitations on the Spruce lumber boards (235 mm wide, as per CSA O177), the CLT blocks were 138
mm wide by 600 mm long. Also, the grain orientation did not always meet a slope of 1 in 15, as
stipulated in CSA O177, but was as close as possible for all 20-mm thick lumber boards. The direction
of the growth rings of the eight (8) laminations was oriented so that each layer alternated. The knots
and other visual defect requirements were followed as closely as possible while ensuring that the tested
areas where delamination was measured were free of defects. In addition to the six small CLT
specimens used for the flame tests, one additional specimen of 100 mm x 100 mm x 160 mm (8
laminations) was cut in each of the four CLT blocks. Each CLT specimen was further divided into two
specimens of four 20-mm thick laminations (100 mm x 100 mm x 80 mm). The exposed surfaces
covered the entire 100 mm x 100 mm (i.e. no edge joints in all specimens).
Four (4) types of adhesives were selected for this project, which were the same as the previous study
on glulam and CLT flame tests [10, 12]. This included: 1-component polyurethane (PUR1C), 2component polyurethane (PUR2C), melamine-formaldehyde (MF), and a phenolic-resorcinolformaldehyde (PRF). The PUR1C was certified for use in CLT and deemed to comply with the
requirements of ANSI/APA PRG-320, which requires, amongst other requirements, conformity to CSA
O112.10. The other three adhesives are qualified for use in glulam in accordance with CSA O177. It is
noted that adhesives used in glulam are required to conform to CSA O112.9 or CSA O112.7
“Resorcinol and Phenol-Resorcinol Resin Adhesives for Wood (Room and Intermediate Temperature
Curing)” [22].
FPInnovations – Project No. 301012214
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a) PUR1C

b) PUR2C

c) MF

d) PRF

Figure 2 – CLT specimens for cone calorimeter testing

The load cell support was located 24 mm away from the exposed surface so that the 1st lamination
would be self-supported by only the bonding capacity of the glue line. Figure 3a shows a view of the
specimen from underneath during a fire test.
Three fiberglass insulated thermocouple wires (type G/G-24-KK) were inserted from the back face, up
to the exact position of the first glue line. A thermocouple was positioned at the geometric center and
the remaining 2 were placed diagonally 25 mm away from the center (Figure 3b). The pilot holes were
sealed using firestop caulking. Auto-adherent aluminum foil was then placed over the 3 pilot holes.
The tests were continued until the thermocouples measured at least 300°C, which would indicate that
the char front had reached the glue line. Most of the tests were performed for an extended period of
time after the char front passed the glue line to ensure sufficient heat penetration within the CLT
laminations (i.e. beyond the glue line).

FPInnovations – Project No. 301012214
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Glue line

25 mm

25 mm

Load cell

a) Specimen mounting – view from below

b) Thermocouples’ location – unexposed face [18]

Figure 3 – Specimen configuration and instrumentation

5. RESULTS AND DISCUSSION
5.1 Heat Release Rate
Figure 4 to Figure 7 illustrate the heat release rate (HRR) for the CLT specimens glued with the four
types of adhesives. Two specimens per adhesive were tested in this study. As with typical cone
calorimeter tests of wood specimens, a peak HRR is observed shortly after ignition and then stabilizes
throughout the test duration. The quasi-steady-state HRR is typically observed once a charred layer is
formed and wood then continues to char at a relatively constant rate. The first peak HRRs were
relatively similar for all specimens, ranging from 179 to 223 kW·m-2.
Fall-off of the exposed lamination occurred for both CLT specimens made with the PUR1C, resulting in
a sudden sharp increase in HRR (i.e. a second peak HRR). Only one specimen of the PUR2C had an
actual fall-off of the exposed lamination. No fall-off was observed for the MF and PRF specimens. Falloff occurred shortly after the times given in Table 2, which also includes the average glue line
temperature at that time.
Figure 8 shows the PUR1C-1 and PUR2C-1 specimens prior to fall-off occurring. It can be seen that the
glue lines were starting to open (delaminate) as the char front approached the glue line. The main
difference between the PUR1C and PUR2C specimens is that the char front of the PUR2C had
reached the glue line when fall-off occurred, whereas fall-off occurred in the PUR1C specimens prior to
the char front reaching the glue line (as is evidenced by temperatures less than 300°C at the time of
fall-off). According to a thermal model developed by Janssens & White [23], a residual thickness of 9-10
mm is sufficient to maintain the temperature of the glue line around approximately 160-180°C, which is
consistent with the temperature at which fall-off was observed in the PUR1C specimens. Should an
adhesive delaminate at this temperature range, the CLT lamination is not completely charred before
fall-off occurs. Figure 9 shows the same two specimens a few seconds after the fall-off occurred. Figure
10 shows a specimen of each adhesive after the test.
FPInnovations – Project No. 301012214
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Table 2 – Lamination fall-off of CLT specimens with different adhesives

Average glue
line
CLT
Adhesive
temperature at
specimen
fall-off time
(°C)
PUR1C-1
1435
161
PUR1C
PUR1C-2
1540
180
PUR2C-1
1955
305
PUR2C
PUR2C-2
n.a.
n.a.
MF-1
n.a.
n.a.
MF
MF-2
n.a.
n.a.
PRF-1
n.a.
n.a.
PRF
PRF-2
n.a.
n.a.
n.a. = no fall-off observed during the test duration
Approximate
fall-off time
(s)

First peak
HRR
(after ignition)
(kW/m²)

Second peak
HRR
(after fall-off)
(kW/m²)

191
202
201
179
185
192
195
223

408
446
152
n.a.
n.a.
n.a.
n.a.
n.a.

After fall-off occurred, both PUR1C specimens exhibited more than twice their initial peak HRR. The
PUR2C-1 specimen that experienced fall-off exhibited a second peak HRR about 25% lower than its
initial peak HRR. Given the lower average glue line temperature of the PUR1C specimens when fall-off
occurred, when compared to that of the PUR2C-1 specimen, it is not surprising to observe a
significantly greater HRR as the underlying wood beneath the glue line did not yet have the time to fully
initiate pyrolysis. In a compartment fire scenario, this kind of increase in HRR due to fall-off of the
laminations could greatly impact the fire dynamics (growth, intensity and duration), as observed in fullscale fire compartment tests [14, 15].
While no fall-off was observed for the specimens made of MF and PRF adhesives, there was a slight
variation in HRR between the specimens as the char front progressed towards the glue line. From
visual observations during these tests, no peeling of the 1st lamination and no opening of the glue line
were observed, but it was noted that some flaming occurred at the bottom and sides of the MF-1 and
PRF-2 specimens (underneath the insulation), resulting in an increasing HRR when compared to those
not having this additional flaming. Flaming at the bottom of the PRF-1 specimen was also noted at
approximately 1800 s, as shown from the small increase in HRR in Figure 7.

FPInnovations – Project No. 301012214
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Figure 4 – Heat Release Rate – PUR1C

Figure 5 – Heat Release Rate – PUR2C

FPInnovations – Project No. 301012214
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Figure 6 – Heat Release Rate – MF

Figure 7 – Heat Release Rate – PRF
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Opening occurring before the
char front reaches the glue line

a) PUR1C-1 prior to fall-off

Opening occurring about the same time as
the char front reaches the glue line

b) PUR2C-1 prior to fall-off

Figure 8 – CLT specimens during testing

st

1 lamination
fall-off
st

1 lamination
fall-off

a) PUR1C-1 shortly after fall-off (1435 s)

b) PUR2C-1 shortly after fall-off (1955 s)

Figure 9 – Lamination fall-off
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1st lamination

1st lamination

Surface of 2nd
lamination charred

Surface of 2nd
lamination charred
a) PUR1C-1

b) PUR2C-1
1st lamination

1st lamination

c) MF-1

d) PRF-1
Figure 10 – CLT specimens after the test

5.2 Mass Loss
Wood exposed to a constant heat flux will char at a relatively constant rate. As such, a constant mass
loss rate is expected if the entire CLT specimen chars continuously and uniformly, thus performing as a
solid wood block.
Figure 11 to Figure 14 show the mass loss for the CLT specimens made with PUR1C, PUR2C, MF and
PRF adhesives, respectively. It can be observed that both PUR1C and only one PUR2C specimens
exhibited a sudden drop in mass, which happened when the 1st lamination fell off. The PUR2C-2, both
MF and both PRF specimens had a relatively constant mass loss rate, similar to solid wood throughout.
It is noted that in the early stages of the tests some adjustments were sometimes needed to centre the
specimens properly on the load cell. As such, the mass loss data for the first 120 s into the test, during
this adjustment period, have been removed from the mass loss graphs.
FPInnovations – Project No. 301012214
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Figure 11 - Mass loss – PUR1C

Figure 12 - Mass loss – PUR2C
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Figure 13 - Mass loss – MF

Figure 14 - Mass loss – PRF
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5.3 Temperature Profile
Figure 15 to Figure 22 show the temperature profile at 20 mm from the exposed surface of all
specimens. Similarly to the HRR graphs of the PUR1C specimens, a change in the general trend of the
temperature profiles was observed for both specimens. The sudden sharp temperature increase
occurring at 1435 and 1540 s coincides with lamination fall-off (Figure 15 and Figure 16), which
occurred between 161 and 180°C. This failure temperature is consistent with that observed from
tension jig tests conducted by FPInnovations on bonded specimens using an ANSI/APA PRG-320
compliant polyurethane adhesive [24]. Given the glue line was located at 20 mm, this translates to an
effective charring rate of 0.84 and 0.78 mm/min, under the heat exposure of this test series.
A similar pattern was observed for the PUR2C-1 specimen (Figure 17). The sudden temperature
increase occurring at 1955 s coincides with lamination fall-off, resulting in an effective charring rate of
0.61 mm/min. Given that no fall-off was observed for the PUR2C-2 specimen and the char front
reached the glue line at 2205 s (based on an average of 2 readings since the “Top Right” thermocouple
was not functioning properly), this results in an effective charring rate of 0.54 mm/min, under the heat
exposure of this test series.
The average times to reach 300°C at the glue line for the MF specimens were 2065 and 1950 s. As
with the PUR2C-2 specimen, the thermocouple located at the “Top Right” was not functioning properly
and was therefore discarded from the average time calculation. Nevertheless, the resulting effective
charring rates were 0.58 and 0.62 mm/min for the MF-1 and MF-2 specimens, respectively, under the
heat exposure of this test series.
The average times to reach 300°C at the glue line for the PRF specimens were 2110 and 2215 s. The
thermocouple located at the “Bottom Left” for PRF-1 specimen never reached this threshold and was
therefore not included in calculating the average time. The resulting effective charring rates were 0.57
and 0.54 mm/min for the PRF-1 and PRF-2 specimens, respectively, under the heat exposure of this
test series.
Charring rate of wood products is influenced by a number of factors, namely density and moisture
content. Schaffer [25] evaluated the charring rate of selected woods of different density, among other
parameters. Douglas-Fir specimens with relative density ranging from 0.359 to 0.622 (average of
0.488) were exposed to the standard ASTM E119 time-temperature curve to evaluate their charring
rate. Equation (1) was derived from this test data

β 0 (mm / min) =

1

[(0.002269 + 0.00457 w)ρ + 0.331]

(1)

where w is the wood moisture content (a fraction of oven-dry mass) and ρ is the mean oven-dry relative
density (kg/m³). When using Equation (1) with 10% moisture content (per conditioning conditions of the
specimens), a charring rate of 0.61 mm/min is obtained for a wood density of 480 kg/m³. This reduces
to 0.52 mm/min for a density of 580 kg/m³ (lumber boards in this test series had a specific gravity
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ranging between 0.48 and 0.58, refer to Subsection 4.2). These rates are consistent with the rates
measured from these small-scale tests, as summarized in Table 3.
Table 3 – Charring rate of CLT specimens with different adhesives

Adhesive
PUR1C
PUR2C
MF
PRF

CLT
specimen

Fall-off
(Y/N)

PUR1C-1
PUR1C-2
PUR2C-1
PUR2C-2
MF-1
MF-2
PRF-1
PRF-2

Y
Y
Y
N
N
N
N
N

Time to reach
glue line
(s)
1435
1540
1955
2205
2065
1950
2110
2215

Resulting
charring rate
(mm/min)
0.84
0.78
0.61
0.54
0.58
0.62
0.57
0.54

Charring rate
based on [25]
(mm/min)

0.52 to 0.61

It can be observed from these small-scale test results that, when fall-off occurs at a temperature below
that of the char front (300°C), an increased effective charring rate is to be expected, which is a function
of lamination thickness and temperature characteristics of the adhesive. This increase in charring rate
has a significant impact on structural fire-resistance calculations and should not be assumed to be
linearly applicable throughout an entire cross-section.

Figure 15 - Temperature profile – PUR1C-1
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Figure 16 - Temperature profile – PUR1C-2

Figure 17 - Temperature profile – PUR2C-1
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Figure 18 - Temperature profile – PUR2C-2

Figure 19 - Temperature profile – MF-1
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Figure 20 - Temperature profile – MF-2

Figure 21 - Temperature profile – PRF-1
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Figure 22 - Temperature profile – PRF-2

6. CONCLUSION AND RECOMMENDATIONS
This study aimed at evaluating the heat release rate and fire growth contribution due to heat
delamination characteristics of CLT manufactured with four types of adhesives used for face bonding,
when exposed to a constant radiant heat flux using a cone calorimeter.
Fall-off of the laminations occurred in all specimens made with PUR1C adhesive (currently used in CLT
manufacturing). After fall-off occurred, both PUR1C specimens exhibited more than twice their initial
peak HRR. The mass loss and temperature profiles also correlate with the fall-off where a change in
the profiles suddenly occurs.
Only one of the PUR2C specimens exhibited fall-off. While less pronounced than that of the PUR1C
specimens, a similar pattern was observed where a sudden increase in HRR occurred (but with a 25%
reduction of its initial peak HRR). Similarly to the PUR1C specimens, the mass loss and temperature
profiles correlate well with the fall-off where a change in the profiles suddenly occurs.
Given the lower average glue line temperature of the PUR1C specimens when fall-off occurred,
compared to that of the PUR2C-1 specimen, it is not surprising to observe a significantly greater HRR
as the underlying wood beneath the glue line had not yet had the time to fully initiate pyrolysis.
No fall-off was observed for the MF and PRF specimens. No opening of the glue lines or peeling was
observed as the char front progressed towards the specimens.
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When combining the findings from this study to the results of the CSA O177 small-scale flame tests
conducted with CLT specimens [12], the specimens that failed the flame test also failed the cone
calorimeter test (based on the criteria detailed in Subsection 1 of this report). The results from these
two test series, Part 1 [12] and Part 2 (herein), identified suitable and economical small-scale testing
methods that allow for evaluating heat delamination characteristics of adhesives.
Given the current and well-known behavior of CLT elements exposed to fire, it is imperative that testing
(small-scale or not) should be implemented and mandatory in ANSI/APA PRG 320 to evaluate
adhesive heat performance and eliminate the fall-off behavior in the next generation of CLT elements.
Moreover, given that North American glue-laminated timber manufacturing standards do not require
full-scale standard fire-resistance tests to be conducted, and that there are no known issues with
adhesive performance with these structural components, it is believed that CLT should also be
evaluated with the similar procedures and performance criteria to that of glulam.
As such, it is strongly recommended that, as a minimum requirement, the small-scale flame test
method and its conditions of acceptance, as detailed in the normative Annex A.2 of CSA O177,
becomes mandatory in the next edition of ANSI/APA PRG 320. The CLT test specimens should be
prepared similarly to glulam specimens (i.e. as per Annex A.2.2. of CSA O177), but with orthogonal
laminations to reflect to end-use product as described in this study. Moreover, heat performance
evaluation of adhesives should be made on a “product testing” basis rather than as an “adhesive
testing” basis; that is that adhesives should be evaluated with laminations of a recognized wood
species group, as stipulated in ANSI/APA PRG 320.
Lastly, intermediate-scale furnace tests will be conducted in late 2017 through the NFPA Fire Protection
Research Foundation on CLT specimens manufactured with 5 types of adhesives (“current” PUR1C,
“improved” PUR1C, Emulsion Polymer Isocyanate (EPI), Melamine Urea Formaldehyde (MUF) and
PRF) to assess whether heat delamination characteristics are observed. FPInnovations has been
subcontracted to manufacture the CLT specimens to be fire tested at RISE in Sweden. The results of
these tests, combined with those presented herein, will be used to further strengthen the correlation
between small-scale, intermediate-scale, full-scale furnace tests and compartment fire tests. The
results are expected to become available before the end of December 2017.
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