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Summary
Fire tests on a double egress fire door installed in two Cross Laminated Timber (CLT) wall panels were
conducted. The purpose of the testing was to identify design consideration for detailing the interface
between a 1½hr listed door assembly and a CLT wall with a 2-Hr fire resistance. One test was with
unprotected 5-ply SPF CLT, the other with 3-ply SPF CLT protected with two layers of 5/8” Type X
gypsum wallboard.
The testing demonstrated that a closure penetration can be installed in a 2-hr rated CLT wall provided
the inside edges of the CLT, including the threshold, are protected. The door frame was designed and
installed assuming that the exposed portion of the thickness would be consumed during the fire. To
ensure charring through the CLT wall adjacent the door frame is consistent with charring in locations
away from the door, the edges around the opening should be protected from hot gases and from heat.
The testing demonstrated that this can be achieved by filling the void space behind the door frame with
mineral wool, and before installing the door frame attaching with screws one layer of 5/8” Type X
gypsum wallboard to the top and sides of the opening, and one 7/16” layer of cement board under the
threshold. Maintain continuity of the protection provided by the gypsum and cement board caps by
laying down a bead of caulking at the ends of each cap and between butt joints. To prevent the passage
of air and hot gases through the interface, a bead of caulking should be applied to the edges of the door
frame and threshold that meet the CLT wall.
Early failure of the double egress door was observed in both tests. It is unclear why the doors exhibited
differential warpage which caused a large gap to open between the pair of doors. This may require a
reassessment of the CAN/ULC S104 standard.

Purpose and Scope
This report provides additional details on the “CLT fire separation with closure penetration” tests carried
out at QAI Laboratories (Burnaby BC). The observations cover the testing as described in the following
QAI reports:
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Table 1 List of QAI Laboratories Test Reports

Report No.
T895-6a Rev. 2

Report Date
Apr 3, 2017

T895-6b Rev. 1

Mar 23, 2017

Sample ID
Steel stiffened double egress door
pair and frame in a bare 5-ply
Cross-Laminated Timber (CLT) wall
assembly, with a single 102 mm (4
inch) copper service penetration
present.
Steel stiffened double egress door
pair and frame in a 3-ply CrossLaminated Timber (CLT) with 2
layers of 16 mm (5/8 inch) Type X
gypsum board on each face, with a
single 102 mm (4 inch) copper
service penetration present.

Test Procedure
 CAN/ULC S104-10 –
Standard Method for Fire
Tests of Door Assemblies
(ULC S104)
 CAN/ULC S101-07 - Fire
Endurance Tests of
Building Construction and
Materials (ULC S101)
 CAN/ULC S115-11(R2016)
– Standard Method of Fire
Tests of Firestop Systems
(ULC S115)

The intent is to facilitate the use of the QAI test reports in the application of engineering judgement
when detailing the interface between a protected or unprotected CLT panel and a rated closure
penetration.

Test 1: Double Egress Door in 5-ply Unprotected CLT
Background
Test 1 consists of a 1½ hr rated double egress steel door installed in 5-ply unprotected CLT (Figure 1).
Details of the Test 1 specimen are described in the QAI report T895-6a.

Materials and Methods
The CLT specimen for Test 1 was assembled from 4 smaller 5-ply CLT panels positioned and oriented as
shown in Figure 2. Panels were size to create the rough opening size as specified by the door
manufacturer. Panel-to-panel connections were made with double ¾” D.fir plywood splines as shown in
Figure 3. A borehole was provided in one side panel where a single 4” copper service penetration was
inserted.1
Screws provided with the CLT panels were installed as shown in Figure 4. No caulking or adhesive was
applied to the butt joint or to the plywood splice contact surfaces. Gypsum wallboard (GWB) caps were
screwed to the top and side edges of the CLT panel using 2¼” Type S drywall screws spaced 4 cm from
the edges and not more than 30 cm horizontally or vertically. A GWB cap was not installed over the sill
panel. The door manufacturer’s specified rough opening size included the presence of the GWB caps.

1

The pipe penetration was an additional test to demonstrate the performance of a generic firestopping solution
for service penetrations. The addition of this test was not judged to impact the assessment of the CLT-door
interface.

FPI Project No. 301011384

2 of 17

Commentary on Closure Penetration Tests on CLT Fire Separations

The copper service penetration was centered in the 6” diameter borehole on a steel frame attached to
the unexposed side of the CLT panel as shown in Figure 5. The penetration extended into the exposed
and unexposed sides as specified in CAN/ULC S115-11. Mineral wool was inserted into the 1-inch
annular space until it was flush on the exposed side. On the unexposed side, the mineral wood was
packed to within ½” of the CLT surface; the remaining ½” was then filled with intumescent caulking until
it was approximately flush with the CLT face. The copper service penetration was not designed to limit
temperature rise so the exposed side of the pipe penetration was not insulated.
The CLT assembly with the service penetration and GWB caps were shipped to QAI for the final assembly
and testing as described in the report (Figure 6).
The door frame is a standard frame profile with custom anchors. The original anchor design as prepared
by the door manufacturer is shown in Figure 7. Figure 8 shows the anchor position for the frame that
was shipped and used. It should be noted that the exposed/unexposed sides shown in Figure 8 is
reversed for the opposite side. Before installing the frame, the void space between the frame and GWB
caps were fill with mineral wool (Figure 9 and Figure 10). To temporarily hold the mineral wool in place,
a bead of intumescent caulking was laid down the centreline of the header and legs of the frame. The
door frame and threshold were installed as described in the QAI report and attached to the CLT with
3½” #8 wood screws (Figure 11).

Results and Discussions
The specimen was tested as described in the QAI report. This includes applying a vertical load of 10,000
to approximately simulate the loading from 5 additional door-CLT assemblies stacked above. The CLTto-door interface in the unprotected 5-ply CLT wall did not meet the requirements of the CAN/ULC-S104
standard. The response of the test specimen during the 2-hr fire exposure and the specimen description
following the hose stream test are described in the QAI report.
Failure initiated at the corners of the threshold (first on the right, Figure 12 and then on the left Figure
13) and continued along the threshold (Figure 14) likely because of the combination of two reasons as
seen in Figure 15:



Vertical double splice terminating at the opening
No non-combustible cap over the threshold and gaps at the bottom ends of the side GWB caps

Once the ¾” D.fir plywood splice on the exposed side was consumed by the fire, this left a vertical gap
between the CLT side panel and the end of the sill panel. The aluminum threshold with mineral wood
on the underside was not an effective firestop to prevent hot gases to rise towards the door opening.
The consequently cause charring on the inside corner of the side and sill panels. This is event by the size
and shape of the opening formed (Figure 16 and Figure 17). There are two potential solutions to this: 1)
install an effective firestop at the corner of the opening where the vertical splice joint intersects the
door opening; and/or 2) seal the vertical butt joint between the sill and side panels (e.g. with
intumescent caulking or construction adhesive). It should be noted that a similar failure was not
observed with the horizontal splice joints at the top left and right corners of the door opening. Of the
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two solutions, it was judged at the time that application of cement board over the sill panel and applying
intumescent caulking at the CLT-to-CLT corners would be the most cost effective solution.
The other issue arising from the test is the shifting of the door frame under the force of the hose stream
test. The frame movement occurred only when the door frame’s left leg (Figure 18). On the right side,
there was no movement (Figure 19), except perhaps at the bottom corner where there was flame
through. This difference in performance was attributed to the location of the anchor (Figure 20) and
how it is welded to the face of door frame and consequently the low lateral resistance it has to prevent
the frame from moving as shown in Figure 21.
As noted above, the copper service penetration was not designed for temperature rise. For our
purposed, the tests demonstrated that firestops consisting of a 1” annular space filled with mineral wool
is sufficient.

Test 2: Double Egress Door in 3-ply Protected CLT
Background
Test 2 consists of a 1½ hr rated double egress steel door (identical to that used in Test 1) installed in 3ply unprotected CLT protected with 2 layers of 5/8” Type X gypsum wallboard (Figure 22). Details of the
Test 2 specimen are described in the QAI report T895-5b.

Materials and Methods
The CLT specimen for Test 2 was assembled from 4 smaller panels positioned and oriented as shown in
Figure 2, and butted together as shown in Figure 23. As with Test 1, a hole was provided in one side
panel for inserting a 4” copper service penetration.
Screws provided with the CLT panels were installed as shown. No caulking or adhesive was applied to
the butt joints or to the plywood splices. Due to the premature failure at the ends of the threshold in
Test 1, the aluminum threshold was replaced with 7/16” thick cement board. To accommodate this
additional layer, the sill panel was reduced in thickness. Before installing the cement board, a bead of
intumescent caulking was laid across the inside corner of the CLT opening (Figure 24) and at the joint
between the cement board (Figure 25). Gypsum wallboard (GWB) caps, 5/8” Type X, were then screwed
to the top and side edges of the CLT panel using 2¼” Type S drywall screws spaced 4 cm from the edges
and not more than 30 cm horizontally or vertically. Again, to fill any gaps between the GWB caps, a bead
of intumescent caulking was laid across the inside corners wherever CLT was exposed (Figure 26 to
Figure 28)
Although the door profile was the same, different anchor positions were proposed for the unprotected
5-ply CLT wall (Figure 7) versus the protected 3-ply CLT wall (Figure 29). Instead, frames with the same
anchor positions were provided for both walls. What differed was in how the anchors were either bent
to lay flat on the face of the 5-ply CLT (Figure 8), or bent so that it can be inserted between the base and
finish GWB layers (Figure 30). Before attaching the frame, a 30-cm wide starter strip of GWB was first
installed as shown in Figure 31. This starter strip was arranged to be continuous over the CLT joints as
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shown in Figure 32. The door frame is then put into position and the screwed through the anchors
straps and the GWB starter strip. As with the 5-ply CLT wall, the void space between the frame and
GWB caps were fill with mineral wool which was held in place with a bead of intumescent caulking
(Figure 33 and Figure 34). The rest of the base and finish GWB layers were then installed. GWB joints
were stagger by 15 cm, and screws were installed 4 cm from the edges and space horizontally and
vertically not more than 30 cm.
The doors, door hardware, and threshold were installed as described in the QAI report.
The copper service penetration was centered in the 6” diameter borehole on a steel frame attached to
the CLT panel using a frame similar to that shown in Figure 5. The penetration extended into the
exposed and unexposed sides as specified in CAN/ULC S115-11. Mineral wool was inserted into the 1inch annular space until it was flush on the exposed side. On the unexposed side, the mineral wood was
packed to within ½” of the outer face of the finish layer of GWB. The remainder of the annular space
was then filled with intumescent caulking (Figure 35). The copper service penetration was not designed
to limit temperature rise so the exposed side of the pipe penetration was not insulated.
The CLT assembly with the service penetration and GWB caps were shipped to QAI for the final assembly
and testing as described in the report.
Unlike the 5-ply CLT wall, the remaining ½” around the copper penetration was filled with intumescent
caulking at QAI, which did not leave sufficient time for the caulking to cure.

Results and Discussions
The specimen was tested as described in the QAI report. This includes applying a vertical load of 10,000
to approximately simulate the loading from 5 additional door-CLT assemblies stacked above. With the
modifications to the threshold, the CLT-to-door interface in the protected 3-ply CLT wall met the
requirements of the CAN/ULC-S104 standard. The response of the test specimen during the 2-hr fire
exposure and the specimen description following the hose stream test are described in the QAI report.
Unlike the 5-ply CLT test, flame through at the ends of the threshold was not observed in the 3-ply CLT
test suggesting that the addition of cement board and intumescent caulking at the end of the GWB and
cement board caps is needed. However, it should be noted that there may have been some been some
benefit from the 2 layers of GWB on the exposed and unexposed faces, there was no evidence that the
charring depth at the bottom corners were more than at any other point around the door perimeter
(Figure 36 to Figure 39, versus Figure 16 and Figure 17).
Not noted in the report was the early separation of the GWB from one side of the specimen, and the
deeper charring on the same side (Figure 40 to Figure 42). There is a possibility that the premature
opening of the doors due to the differential bowing of the door may have influenced the distribution of
the furnace temperature. Upon closer review of the test data, it was noted that although the average
furnace temperature followed the standard time temperature curve, the furnace temperature on the
side with early GWB failure and deeper charring was approximately 100°C greater than the other side
(Figure 43). Although the door also failed in the same manner in the 5-ply CLT test, the depth of
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charring was found to be more uniform, suggesting that the furnace temperature was more uniform.
We attribute this to the fact that the furnace burners were used for longer periods for the protected 3ply CLT test than for the 5-ply CLT test. This is not expected to influence the door-to-CLT interface
assessment. However, if there is interest in assessing the failure of the GWB failure, the analysis should
take into consideration the actual furnace temperature.
Possible explanations for the poor door performance cited by sources familiar with fire door tests
include:
1. The doors are tested for installation in concrete. Wood walls may not provide the same amount
of confinement to the steel door assembled. However, CLT walls should provide more
confinement that wood or steel stud walls, so we should expect closer performance to that
observed in concrete.
2. The gaps around the doors during the CLT test fire exposure may be much larger than expected
to occur when testing a concrete wall. Closing of this gap is assumed to help “lock” the doors in
place so that a gap does not occur between the door leaves.
3. Walls may bow in towards the furnace when heated in the case of concrete and steel walls, or
outward in the case of wood walls. This movement may either prevent the door that opens out
to the unexposed side from bowing into the furnace.
As noted above, the copper service penetration was not designed for temperature rise. For our
purposed, the tests demonstrated that the firestop detail consisting of a 1” annular space filled with
mineral wool is sufficient.

Recommendations and Concluding Remarks
The reason for the early failure of the double egress door configuration needs to be further investigated.
The door mounting conditions have been suggested as a potential area for more in-depth study. Given
that the issue is with the differential warping the doors, the observations from this study should still be
useful for supporting the use of single leaf doors (e.g. door to a stair shaft). For this application, the
study finding can be used to support the following recommendations:




Protect the top and side edges of the CLT opening with a fire resistance membrane (e.g. a single
layer of 5/8” Type X GWB). Protect the bottom edge with a non-combustible membrane that
than withstand the physical abuse (e.g. one layer of 7/16” cement board). Attach in the same
manner as fire resistance member is attached to wall faces (e.g. with screws spaced 4 cm from
the edges and spaced not more than 30 cm horizontally or vertically; stagger the screw spacing
if necessary)
Maintain continuity of the protection around the edges of the opening (e.g. Apply a single bead
of intumescent caulking across the width of the CLT at the CLT-to-CLT corners, the GWB-to-CLT
before installing the GWB or cement board caps, or at any butt joints between the GWB or
cement board caps).
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The length of the wood screws used for the 5-ply and the 3-ply tests were found to perform adequately.
There are several considerations when deciding on the screw size:
1. The screw should not extend into the char region. This would draw heat into the portion of the
screw that would provide the lateral resistance (e.g. from a hose stream) to the door assembly.
2. The screw diameter should be sufficient to provide any vertical lateral load carrying capacity
that the anchor straps are intended to carry. This includes maintaining the position of the legs
of the frame to which the hinges are attached.
3. The screw diameter and penetration should be sufficient to provide out-of-plane resistance
after fire exposure. After fire exposure, the door frame flange on the exposed side cannot rely
on bearing on the wall face to resist pressure applied from the exposed side. All out-of-plane
resistance will be provided by the screws and anchors on the unexposed side.
The screws, 3½” #8, provided for the 5-ply CLT tests were judged to be excessive given that the shorter
screws used in the 3-ply CLT test also performed well. It is therefore recommended that for door frames
with the anchor designs initially proposed (Figure 7 and Figure 29) can be attached with pairs of 2½” #8
wood screws. When screwed through 5/8” GWB, the screw will penetrate the CLT about 50-mm, which
was found to be adequate to resist the loading from the hose stream test.
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Figures

Figure 1 5-ply CLT wall with double egress fire door and 4” copper service penetration to be tested for 2hrs under a 10,000
imposed load

Figure 2 Wall from 4 CLT panels
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Figure 3 Perspective drawing of 2-spline joints

Figure 4 Screws connecting spines to CLT panels

Figure 5 Copper penetration support frame

Figure 6 CLT wall supported for shipment to QAI

Figure 7 Door frame profile proposed for 5-ply CLT

Figure 8 Door frame profile used for 5-ply CLT
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Figure 9 Mineral wool inserted behind header frame

Figure 10 Mineral wool inserted behind side frame

Figure 11 Door frame with mineral wood and intumescent caulking
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Figure 12 Flame through at the right end of threshold

Figure 13 Flame through on the left end of threshold

Figure 14 Flame through along threshold

Figure 15 Right threshold during build

Figure 16 Right end of threshold after test

Figure 17 Left end of threshold after test
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Figure 18 Shifted left frame on unexposed side

Figure 19 No shifting of right frame on unexposed side

Figure 20 Right anchor cannot be tucked into double return
like the left anchor

Figure 21 Anchor is able to pull away from narrow cover
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Figure 22 2-layers GWB covering a 3-ply CLT wall with double egress fire door and 4” copper service penetration be tested for
2hrs to under a 10,000 imposed load

Figure 23 Panel-to-panel connections in 3-ply CLT
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Figure 25 Intumescent caulking at the cement board joint

Figure 26 Intumescent caulking at the ends of the GWB caps

Figure 27 Intumescent caulking at the GWB and CLT corner

Figure 28 Top GWB cap with intumescent caulking at ends

Figure 29 Door frame profile proposed for 3-ply CLT

Figure 30 Door frame profile used for 3-ply CLT
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Figure 31 Starter strip for GWB base layer

Figure 32 Starter strips continuous over CLT joints

Figure 33 Intumescent caulking used to hold mineral wood

Figure 34 Header and side frame filled with mineral wool

Figure 35 Last ½” of annular space filled with caulking

Figure 36 Left exposed end of threshold after testing
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Figure 37 Right exposed end of threshold after testing

Figure 38 Left unexposed end of threshold after testing

Figure 39 Right unexposed end of threshold after testing

Figure 40 Left exposed side panel 5 min. before end of test

Figure 41 Exposed side of wall before hose stream test

Figure 42 Exposed side of wall after hose stream test
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Figure 43 Furnace temperature distribution in °C versus elapsed time (h:mm:ss)

FPI Project No. 301011384

17 of 17

