Glulam and CLT Innovative Manufacturing
Processes and Product Development:
Fire Performance of Adhesives in CLT –
Part 1 - Small-Scale Flame Test
August 31, 2017
Christian Dagenais, P.Eng., Ph.D, Senior Scientist
Jean-Frédéric Grandmont, P.Eng., Ph.D, Senior Scientist

Natural Resources Canada
Canadian Forest Service
Ressources Naturelles Canada
Service canadien des Forêts
FPInnovations

fpinnovations.ca

FPInnovations is a not-for-profit world-leading
R&D institute that specializes in the creation of
scientific solutions in support of the Canadian
forest sector’s global competitiveness and
responds to the priority needs of its industry
members and government partners. It is ideally
positioned to perform research, innovate, and
deliver state-of-the-art solutions for every area of
the sector’s value chain, from forest operations
to consumer and industrial products. Its R&D
laboratories are located in Québec, Montréal,
and Vancouver, and it has technology transfer
offices across Canada. For more information
about FPInnovations, visit:

o

PROJECT N 301012214:
Glulam and CLT Innovative Manufacturing Processes
and Product Development:
Fire Performance of Adhesives in CLT –
Part 1 – Small-Scale Flame Test
ACKNOWLEDGEMENTS
FPInnovations would like to thank its industry members and
Natural Resources Canada (Canadian Forest Service) for
their guidance and/or financial support for this research.
The authors would like to thank manufacturers, namely Art
Massif for providing the graded lamstock materials,
adhesives suppliers and ANSI/APA PRG 320 Technical
Committee members for sharing proprietary technical
information.
AUTHOR

www.fpinnovations.ca.
Follow us on:

Christian Dagenais, P.Eng.,Ph.D.
Senior Scientist
Serviceability & Fire Performance
Advanced Building Systems
Telephone: 418-659-2647
christian.dagenais@fpinnovations.ca
REVIEWER

______________________________________________
Lindsay Ranger, P.Eng., M.A.Sc.
Scientist – Serviceability & Fire Performance
REPORT AUTHORIZED BY

___________________________________________________

Steven Kuan, P.Eng., Ph.D.
Research Manager
Advanced Building Systems
Date: August 31, 2017

© 2017 FPInnovations. All rights reserved. Unauthorized copying or redistribution prohibited.
Disclosure for Commercial Application: If you require assistance to implement these research findings, please contact FPInnovations
at info@fpinnovations.ca.

Glulam and CLT Innovative Manufacturing Processes and Product Development:
Fire Performance of Adhesives in CLT – Part 1 – Small-Scale Flame Test

TABLE OF CONTENTS
1.

Background .................................................................................................................................... 1

2.

Objective ........................................................................................................................................ 3

3.

Technical Team .............................................................................................................................. 3

4.

Materials ......................................................................................................................................... 3

5.

CSA O177 Flame Test Results ....................................................................................................... 5

6.

Discussion ...................................................................................................................................... 9
6.1

Heat Delamination ................................................................................................................. 10

6.2

Orthogonal Configuration ....................................................................................................... 11

7.

Conclusion & Recommendations .................................................................................................. 13

8.

References ................................................................................................................................... 15

LIST OF TABLES
Table 1 – Shrinkage values of selected softwood species [7]................................................................. 2
Table 2 – Bond line delamination – PUR1C ........................................................................................... 8
Table 3 – Bond line delamination – PUR2C ........................................................................................... 8
Table 4 – Bond line delamination – MF .................................................................................................. 8
Table 5 – Bond line delamination – PRF ................................................................................................ 9
Table 6 – Bond line delamination vs. Specimen configuration.............................................................. 11

LIST OF FIGURES
Figure 1 – Wood principal axes and characteristic shrinkage, as presented in [7] .................................. 2
Figure 2 – Configuration of the CLT specimens ..................................................................................... 4
Figure 3 – CLT specimens for CSA O177 flame test .............................................................................. 5
Figure 4 – FPInnovations CSA O177 flame test apparatus .................................................................... 6
Figure 5 – Glulam specimens after CSA O177 flame test ...................................................................... 7
Figure 6 – Char layer formed during small-scale flame test, as presented in [3]..................................... 9
Figure 7 – Specimens after the test (left to right: PRF, MF, PUR2C and PUR1C) ................................ 10
Figure 8 – Specimens PUR1C after the flame test (4th and 5th glue lines) ............................................ 12
Figure 9 – Wood failure observed in some PRF and MF specimens .................................................... 13

FPInnovations – Project No. 301012214

i

Glulam and CLT Innovative Manufacturing Processes and Product Development:
Fire Performance of Adhesives in CLT – Part 1 – Small-Scale Flame Test

1. BACKGROUND
During the revision process of the 2012 version of ANSI/APA PRG 320 “Standard for PerformanceRated Cross-Laminated Timber” [1], in which FPInnovations actively participated, heat delamination
characteristics of CLT laminations in fire conditions was raised as an important performance issue that
could have severe negative impacts on CLT construction in North America. Building code officials and
fire chiefs, among others, expressed major concerns related to this and the need to address such
behavior in fire conditions.
As included in the work that has been overseen by the ANSI/APA PRG 320 Technical Committee to
resolve these concerns, FPInnovations [2] conducted a study that evaluated the heat delamination
characteristics of glue-laminated timber face-bonded with four different types of adhesives when
subjected to the normative Annex A.2 small-scale flame test of CSA O177 “Qualification Code for
Manufacturers of Structural Glued-Laminated Timber” [3]. Typically, the CSA O177 standard flame test
requires that the specimen be exposed on one side for 5 min and then rotated 180° along the plane of
burning and exposed to the same side for an additional 5 min to provide even heating to the top and
bottom of the specimens. One-component polyurethane (PUR1C) currently used in CLT manufacturing,
as well as two-component polyurethane (PUR2C), melamine-formaldehyde (MF) and a phenolicresorcinol-formaldehyde (PRF) certified for manufacturing glulam were evaluated. 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 that of the adhesive qualified for manufacturing CLT (i.e. PUR1C).
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 Task Group on Adhesives 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)” [4] and that their heat
delamination characteristic be evaluated in accordance with the Annex A.2 of CSA O177. These
changes would require CLT to be evaluated in a similar manner as glue-laminated timber, namely with
respect to the elevated temperature performance evaluation. Currently, adhesives used in CLT are
required to conforming to CSA O112.10 “Evaluation of Adhesives for Structural Wood Products (Limited
Moisture Exposure)” [5] and their heat delamination is to be evaluated using the small-scale flame test
described in DOC PS1 “Voluntary Product Standard PS 1-09 - Structural Plywood” [6]. The latter is
currently not deemed a mandatory pass/fail performance requirement in ANSI/APA PRG-320.
It is noted, however, that adhesives and joint tests included in CSA O112.10, CSA O112.9 and CSA
O177 are essentially based on parallel-to-grain glued specimens. Moreover, as noted in annex D.2 of
CSA O112.10, the aforementioned standard is essentially a pre-screening test for adhesives to be used
for products intended for dry service conditions and that additional requirements might be specified by
the applicable product standard based on a given product configuration and product’s end use. The use
of face-glued joints where the parallel-to-grain orientation of the mating pieces of wood is orthogonal to
one another would likely fall in that category where additional requirements would be needed.
FPInnovations – Project No. 301012214
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Therefore, in addition to identifying a practical and suitable test method to evaluate heat delamination in
engineered wood products, it was also discussed whether the orthogonal configuration of CLT layers
may have an impact when evaluating adhesives using the CSA O177 Annex A.2 flame test. It is noted
that the latter was developed for glulam where, as mentioned previously, all laminations are oriented
along the same principal axis and thus experience shrinkage in the same direction.
Wood is a hygroscopic material with orthotropic properties and thus exhibits different dimensional
changes along the longitudinal, radial and tangential principal axes (Figure 1). Longitudinal shrinkage
for most softwood is relatively small, between 0.1% and 0.2% for shrinkage from green to oven-dry
moisture content, and can be considered negligible in most applications. Tangential shrinkage is,
however, of much greater magnitude and for some softwood species can be as much as twice the
radial shrinkage, which could induce much greater stress at the bond line as wood shrinks in a
combination of directions. Table 1 lists the shrinkage values from green to oven-dry moisture content
for some domestic North American wood species [7].

a) Principal axes with respect to wood grain
direction and growth rings

b) Characteristic shrinkage as affected by wood
cut location

Figure 1 – Wood principal axes and characteristic shrinkage, as presented in [7]
Table 1 – Shrinkage values of selected softwood species [7]
Softwood species
Douglas-fir
Larch
Spruce

Pine

Fir

Coast
Western
Black
Engelman
Red
Eastern White
Jack
Lodgepole
Western White
Balsam
White

FPInnovations – Project No. 301012214

Shrinkage (%) from green to
ovendry moisture content
Radial

Tangential

Ratio of
Tangential ÷
Radial

4.8
4.5
4.1
3.8
3.8
2.1
3.7
4.3
4.1
2.9
3.3

7.6
9.1
6.8
7.1
7.8
6.1
6.6
6.7
7.4
6.9
7.0

1.6
2.0
1.7
1.9
2.1
2.9
1.8
1.6
1.8
2.4
2.1
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2. OBJECTIVE
The main objective of this study is to evaluate heat delamination characteristics of structural adhesives
used for face bonding of cross-laminated timber, when subjecting both sides of CLT specimens to the
small-scale flame test as required in the normative Annex A.2 of CSA O177 “Qualification Code for
Manufacturers of Structural Glued-Laminated Timber” [3]. While not technically in accordance with the
CSA O177 Annex A.2 methodology, this flame exposure allows for a direct comparison to previous
work performed on glulam specimens [2].
The long-term objective is to determine which currently-accepted test method allows for a better
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, etc.)
and their inherent manufacturing characteristics (e.g. cross-plies, etc.).

3. TECHNICAL TEAM
• Christian Dagenais

Senior Scientist, Advanced Building Systems

• Jean-Frédéric Grandmont

Senior Scientist, Engineered Wood Products Manufacturing

• Lindsay Ranger

Scientist, Advanced Building Systems

• Stephan Raymond

Principal Technologist, Engineered Wood Products Manufacturing

• Francine Côté

Principal Technologist, Engineered Wood Products Manufacturing

4. MATERIALS
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 GluedLaminated Timber” [8] 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 a 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 they 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. The CLT blocks were then cut into six smaller specimens of 150 mm in width by
160 mm in height and 40 mm in thickness, as per CSA O177 standard.
Four (4) types of adhesives were selected for this project, which were the same as the previous study
on glulam flame tests [2]. This included: 1-component polyurethane (PUR1C), 2-component
polyurethane (PUR2C), melamine-formaldehyde (MF), and a phenolic-resorcinol-formaldehyde (PRF)
(benchmark). The PUR1C is certified for use in CLT and deemed to comply with the requirements of
ANSI/APA PRG-320 [1], which requires, amongst other requirements, conformity to CSA O112.10. The
FPInnovations – Project No. 301012214
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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)” [9].
The adhesives were uniformly applied using rollers on one side of the lamellas only. The mass of each
lamella was monitored prior and after the glue application to ensure that sufficient adhesive was
applied. The adhesive spread rate, open and close assembly times, applied pressure as well as
pressing and curing times followed the adhesive suppliers’ recommendations and technical data
sheets.
Each specimen was centered through one of the cross-lamination pith locations so that the pith would
be as close as possible to the center between 2 adjacent specimens. This method was used to ensure
that the growth rings ran as parallel to the glue lines as possible in laminating where the growth rings
were not flat. The CLT blocks and the smaller specimens, once cut, were conditioned at 20°C and 65%
relative humidity until testing, as per the CSA O177 standard. Figure 2 shows the configuration of the
CLT specimens. Figure 3 shows the specimens prior to flame testing.

Pith located near the center, whenever possible
Pith located
between 2
adjacent
specimens,
whenever
possible

8
7

6

5

4

3
1
a) Longitudinal laminates (odd numbers)

2
Rings oriented to maximize tangential
shrinkage near the center, whenever possible
b) Cross-plies (even numbers)

Figure 2 – Configuration of the CLT specimens

FPInnovations – Project No. 301012214
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a) PUR1C

b) PUR2C

c) MF

d) PRF

Figure 3 – CLT specimens for CSA O177 flame test

5. CSA O177 FLAME TEST RESULTS
The test procedure detailed in Annex A.2.4 of CSA O177 was followed, with the exception of the twoside exposures as described below. The flame temperature and height was calibrated to meet the
standard requirements. The flame’s temperature was verified using a Type K thermocouple prior to
each test and monitored at constant time intervals during the tests. Figure 4 shows the apparatus at the
FPInnovations laboratory in Quebec City.
Each specimen was exposed to the flame for 5-min, and then rapidly rotated 180° to expose the other
side for another 5-min period. After the test, the specimens were allowed to cool down for 10-15
minutes prior to being smoothly cut in half for digital imagery analysis. The inner five (5) bond lines
were digitally measured to determine the total length of delamination on the charred surface only. As
stipulated in the standard, failure in the wood, checking or open bond lines due to knots were not
regarded as delamination. For a successful test, CSA O177 requires that the sum of the delamination
of the five (5) inner bond lines of each given assembly do not exceed 3 mm for softwoods. Moreover, all

FPInnovations – Project No. 301012214
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five (5) specimens are required to meet the maximum total length requirement, although one (1)
additional specimen can be tested if only one (1) of the specimens failed to meet the requirements.
The digital imagery and measurements of the bond lines were performed using “ImageJ” freeware. The
high-resolution images of the samples were calibrated using a 10 x 10 mm grid to allow for precise pixel
measurements, which were then converted to millimeters. Given the high precision of the imagery, the
lengths of delamination were rounded to 0.1 mm rather than being rounded to the nearest 0.5 mm as
stipulated in Annex A.2 of CSA O177.

a) Exposed side before testing (PRF-1)

b) Exposed side during testing (PUR1C-1)

Figure 4 – FPInnovations CSA O177 flame test apparatus

Figure 5 shows some of the specimens after being cut in half and evaluated for delamination. The
PUR1C samples exhibited the greatest amount of delamination, well in excess of the 3 mm maximum
requirement, although each face was exposed to only 5 min. PUR1C-4 exhibited the most
delamination, with a total delamination length of 9.2 mm on its right side and a total of 17.8 mm when
combining both sides.
Interestingly and surprisingly when compared to previous test results using the same adhesive but with
a glulam type layup, specimen PUR2C-1 exhibited a total delamination length of 3.8 mm on its left side
and 3.2 mm for the left side of specimen PUR2C-4, which is beyond the limit of the standard. When
combining both sides, three of the PUR2C specimens exhibited total delamination lengths greater than
3 mm (PUR2C-1, -4 and -5).

FPInnovations – Project No. 301012214
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On the other hand, the MF showed very little delamination (only MF-3 exhibited 0.5 mm on its right
side) and no delamination was measured on any PRF specimens. Table 2 to Table 5 present both the
individual bond line delamination length and total length per specimen, as measured in this study.

a) PUR1C

b) PUR2C-1

c) MF-1

d) PRF-3

Figure 5 – Glulam specimens after CSA O177 flame test
FPInnovations – Project No. 301012214
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Table 2 – Bond line delamination – PUR1C
Bond Line
th

6
th
5
th
4
rd
3
nd
2
Total (L / R)
(Total L+R)

Specimen (left side / right side)
PUR1C-1
(mm)
0.0 / 0.0
2.2 / 3.0
2.6 / 2.9
0.0 / 0.0
0.0 / 0.0
4.8 / 5.9
(10.7)

PUR1C-2
(mm)
1.7 / 2.3
1.7 / 2.6
2.1 / 2.1
0.0 / 0.0
0.0 / 0.0
5.5 / 7.0
(12.5)

PUR1C-3
(mm)
2.0 / 1.4
2.2 / 2.8
2.0 / 3.2
0.0 / 0.0
0.0 / 0.0
6.2 / 7.4
(13.6)

PUR1C-4
(mm)
2.5 / 1.2
2.7 / 3.6
3.4 / 3.6
0.0 / 0.8
0.0 / 0.0
8.6 / 9.2
(17.8)

PUR1C-5
(mm)
3.0 / 3.7
2.9 / 2.3
1.4 / 3.5
0.0 / 0.0
0.0 / 0.0
7.3 / 9.5
(16.8)

Table 3 – Bond line delamination – PUR2C
Bond Line
th

6
th
5
th
4
rd
3
nd
2
Total (L / R)
(Total L+R)

Specimen (left side / right side)
PUR2C-1
(mm)
0.0 / 0.0
3.5 / 0.0
0.0 / 0.5
0.3 / 0.3
0.0 / 0.0
3.8 / 0.8
(4.6)

PUR2C-2
(mm)
0.4 / 0.3
0.0 / 0.9
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.4 / 1.2
(1.6)

PUR2C-3
(mm)
0.0 / 0.0
0.2 / 0.0
0.6 / 1.5
0.2 / 0.3
0.0 / 0.0
1.0 / 1.8
(2.8)

PUR2C-4
(mm)
0.8 / 0.6
1.4 / 1.8
0.7 / 0.0
0.3 / 0.2
0.0 / 0.0
3.2 / 2.6
(5.8)

PUR2C-5
(mm)
0.9 / 0.3
0.5 / 0.4
0.6 / 0.4
0.0 / 0.0
0.0 / 0.0
2.0 / 1.1
(3.1)

Table 4 – Bond line delamination – MF
Bond Line
th

6
th
5
th
4
rd
3
nd
2
Total (L / R)
(Total L+R)

Specimen (left side / right side)
MF-1
(mm)
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
(0.0)

FPInnovations – Project No. 301012214

MF-2
(mm)
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
(0.0)

MF-3
(mm)
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.5
0.0 / 0.0
0.0 / 0.5
(0.5)

MF-4
(mm)
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
(0.0)

MF-5
(mm)
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
(0.0)
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Table 5 – Bond line delamination – PRF
Specimen
(left side /
right side)
th

6
th
5
th
4
rd
3
nd
2
Total (L / R)
(Total L+R)

Specimen (left side / right side)
PRF-1
(mm)
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
(0.0)

PRF-2
(mm)
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
(0.0)

PRF-3
(mm)
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
(0.0)

PRF-4
(mm)
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
(0.0)

PRF-5
(mm)
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
0.0 / 0.0
(0.0)

6. DISCUSSION
As stipulated in Annex A of CSA O177, the objective of the normative bond line fire performance
equivalency tests is to ensure that the fire performance of glulam manufactured with adhesives
conforming to CSA O112.9 will be comparable to that of glulam bonded with adhesives conforming to
CSA O112.7 “Resorcinol and phenol-resorcinol resin adhesives for wood (room- and intermediatetemperature curing)” [9]. The latter is applicable to PRF adhesives and is thereby judged as being the
reference for comparing an adhesive heat performance.
Moreover, the intent of the Annex A.2 small-scale flame test relies on the premise that an adhesive
shall maintain its bond throughout the pyrolysis zone and the normal wood zone (shown in Figure 6).

Figure 6 – Char layer formed during small-scale flame test, as presented in [3]

FPInnovations – Project No. 301012214
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6.1 Heat Delamination
In this study, three (3) adhesives approved for use in glulam and one (1) adhesive approved for CLT in
Canada were evaluated. However, given the orthogonal configuration of the CLT specimens, it was
expected that they might perform differently than that of the traditional glulam configuration.
It can be observed from Figure 7 that openings of the glue lines are apparent when comparing one
adhesive bonded specimen to another. When delamination occurred during the flame test, observable
cracks were opening at the glue lines. One can further observe from Figure 7 that glue lines exposed to
the flame of the PUR1C specimen have opened indicating heat delamination. When performing the
digital imagery analysis, it was fairly easy to position the char front. As such, measurement of the
delamination length for all specimens was therefore not prone to ambiguity.

Figure 7 – Specimens after the test (left to right: PRF, MF, PUR2C and PUR1C)

Table 6 summarizes the total delamination length obtained through a previous study conducted on
glulam specimens [2] and those reported in Section 5 of this report.

FPInnovations – Project No. 301012214
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Table 6 – Bond line delamination vs. Specimen configuration
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

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. As expected, the impact was more pronounced
for the PUR1C, which previously failed the 3-mm maximum length limit when tested under a traditional
glulam layup configuration.
Interestingly, the PUR2C would potentially fail the CSA O177 Annex A.2 requirements when tested
under the orthogonal configuration, while it appeared satisfactory when tested under the traditional
glulam configuration.
The MF and PRF specimens, however, would most likely fulfill the 3-mm criterion, whether they are
tested as glulam or CLT, and exhibit very little to no delamination.
It is noted that the flame exposure in CSA O177 Annex A.2 is typically on one side only and for a total
exposure of 10 min (2 consecutive exposures of 5 min). The previous study conducted on glulam
specimens [2] and this current study on CLT specimens exposed both sides for 5 min, thus
representing a less severe exposure than that of CSA O177. Nevertheless, when evaluating the total
heat delamination from each side, all PUR1C specimens and 2 of the PUR2C specimens failed the
maximum 3 mm threshold, when being exposed for only 5 min. It is expected that the length of
delamination would be much greater if these specimens would have been exposed for 10 min on one
side only, as per the standard.
The results strengthen the concept that cross-plies in CLT play an important role in the lamination falloff observed in numerous full-scale fire-resistance tests and compartment fire tests.

6.2 Orthogonal Configuration
Figure 8 shows the 4th and 5th glue lines of a CLT and glulam specimens face-bonded with the onecomponent polyurethane (PUR1C) that exhibited the greatest length of delamination. The delamination
of the CLT specimen was 6.3 and 7.0 mm for the 4th and 5th glue lines, respectively. The length of
delamination goes almost beyond the entire pyrolysis zone (shown as the dark brown color). A
delamination of 2.6 mm was measured for both glue lines when tested under the glulam layup
configuration, which is not quite half through the pyrolysis zone.
FPInnovations – Project No. 301012214
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a) Specimen CLT PUR1C-4

b) Specimen glulam PUR1C-B1-D from [2]
th

th

Figure 8 – Specimens PUR1C after the flame test (4 and 5 glue lines)

Moreover, cracks occurring along the grain were observed in some PRF and MF specimens, indicating
that the bond line was at least as strong as the perpendicular to grain strength of the wood when
subjected to shrinkage strain. As reported by Marra [10], the amount of stress developed
perpendicularly to a bond line in a delamination test is limited to the lowest wood strength property:
tension perpendicular to grain. When shrinkage induces stress beyond this strength limit, wood failure
will be observed to relieve the induced stress. Figure 9 shows a PRF and a MF specimen where wood
splitting occurred, namely due to the radial shrinkage where the pith was centered along the exposed
surface, as detailed in Figure 2a. Such wood failure was not observed with the PUR1C nor the PUR2C
specimens, and neither observed in any of the specimens from the previous study conducted on glulam
specimens [2].
This phenomenon further strengthens the premise that, when compared to a glulam configuration, the
CLT orthogonal configuration does induce much greater stress at the bond lines resulting from
differential shrinkage due to charring. This characteristic due to the orthogonal configuration of CLT
should be considered when evaluating heat delamination characteristic of adhesives used in
engineered wood products where orthogonal configuration is expected.
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a) PRF-3 exhibiting wood grain splitting

b) MF-1 exhibiting radial shrinkage

Figure 9 – Wood failure observed in some PRF and MF specimens

7. CONCLUSION & RECOMMENDATIONS
This study evaluated the heat delamination characteristics of structural adhesives used for face
bonding of cross-laminated timber. An adapted small-scale flame test stipulated in the normative Annex
A.2 of CSA O177 test method was used. The method was adapted to subject both sides of the
specimens to the flame. Four (4) types of adhesives were selected for this study: 1-component
polyurethane (PUR1C), 2-component polyurethane (PUR2C), melamine-formaldehyde (MF), and a
phenolic-resorcinol-formaldehyde (PRF). In accordance with ANSI/APA PRG 320, the PUR1C is
deemed certified for use in cross-laminated timber (CLT), and thus evaluated in accordance to CSA
O112.10, amongst other requirements. The other adhesives are deemed certified for use in glulam in
accordance with CSA O122, and thus evaluated per CSA O112.9, amongst other requirements.
Although being exposed to flame for only 5 min on both sides, the PUR1C samples 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 came as a surprise as 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.
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Based on the test results presented herein, it is strongly recommended that 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, cone calorimeter tests will be performed soon at FPInnovations to assess the contribution to fire
growth and heat release rate due to fall-off, if any, of the same four types of adhesive, as detailed in
[11]. The results are expected to become available later in the summer of 2017 and will be shared with
ANSI/APA PRG-320 Technical Committee to further support the proposed changes in the next edition
of the CLT manufacturing standard. Nevertheless, intermediate- or full-scale fire-resistance tests are
warranted to further correlate and validate that the small-scale flame test does effectively capture the
potential heat delamination characteristics of CLT elements. Should an adhesive does not exhibit heat
delamination characteristics, it is expected that a CLT element exposed to a standard fire will exhibit a
constant charring rate throughout its laminations (e.g. 0.65 mm/min), similarly to traditional softwood
lumber and glue-laminated timber.
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