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Summary 
Fire tests on two unprotected 5-ply Cross Laminated Timber (CLT) floors with pipe penetrations were 

conducted.  The purpose of the testing was to evaluate concepts for detailing metallic and plastic pipe 

penetration firestops.  Although the focus was on flame through performance, some temperature data 

was collected on insulated metallic pipes. 

The testing demonstrated generic details can be developed to meet the requirements of the CAN/ULC 

S115 and ASTM D814 standards.  For 4” copper pipe penetrations, a 1” annular space filled with mineral 

wood between the pipe and the CLT up to within ½” of the top CLT surface and the remaining ½” filled 

with intumescent caulking was able to withstand the 2-hr CAN/ULC S115 fire exposure followed by the 

ASTM E814 hose stream test. 

For plastic pipe penetrations, two bands of 1 or 2 layers of intumescent wrap was able to adequately 

firestop nominal 1½” or smaller PVC or PEX piping.  For larger diameter PVC or PEX piping, a 30 gauge 

steel sleeve around one or two bands of 2 layers of intumescent wrap around the pipe was found to be 

adequate.  These firestops required intumescent caulking to seal the top of the opening between the 

pipe and the CLT for smoke control.  

Purpose and Scope 
This report provides additional details on the “horizontal CLT separation with service penetration” tests 

carried out at QAI Laboratories (Burnaby BC).  The observations cover the testing as described in the 

following QAI reports: 

Table 1 List of QAI Laboratories Test Reports 

Report No. Report Date Sample ID Test Procedure 

T895-5a Feb 27, 2017 Various copper, cast iron and steel 
conduit service penetrations (9 
total) in a cross-laminated timber 
(CLT) floor/ceiling slab 

 CAN/ULC S115-11 (R2016) 
– Standard Method of Fire 
Tests of Firestop Systems 
(ULC S115) 

 ASTM E814-13a, Standard 
Test Method for Fire Tests 
of Penetration Firestop 

T895-5b Rev. 2 Apr 10, 2017 Copper, cross-linked Polyethylene 
(PEX), and Polyvinyl Chloride (PVC) 
service penetrations (12 total) in a 
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Report No. Report Date Sample ID Test Procedure 

cross-laminated timber (CLT) floor/ 
ceiling slab 

Systems (ASTM E814) 

 

The intent is to facilitate the use of the QAI test reports in the application of engineering judgement 

when detailing the interface between an unprotected CLT panel and metallic or plastic pipe 

penetrations. 

Test 1: Metallic Pipe Penetrations Through 5-ply CLT Floor 

Background 
Test 1 consists of metallic pipe penetrations through an unprotected 5-ply CLT panel.  Details of the Test 

1 specimen are described in the QAI report T895-5a. 

Materials and Methods 
Two identical 5-ply CLT panels with pre-bored holes were prepared.  For Test 1, the hole size and 

locations are shown in Figure 1.  The specimen size was dictated by QAI laboratories, while the borehole 

locations were selected for the following reasons: 

 To keep the penetrations within the exposure area specified by QAI; 

 To provide clearance for the forklift forks to lift the specimen on an off the furnace; and 

 To evaluate the impact of reduced penetration spacing (closer than the 6-inch clearance 

between penetrations as specified in CAN/ULC S115) 

A generic firestop consisting of mineral wool and intumescent caulking was used.  A 25-mm annular 

space was specified around each penetration, regardless of metal type or penetration diameter. In 

addition to the thermocouple measurements required by CAN/ULC S115, GHL Consultants requested 

additional thermocouple readings along the unexposed lengths.  For the copper penetrations, the pipe 

length were also extended beyond what is typically used for CAN/ULC S115 tests (Figure 2) 

The uninsulated 4” copper penetrations (C1 to C4 in Figure 3) were used to evaluate the impact of closer 

borehole spacing.  All penetrations were also used to study the impact of placing the pipe penetrations 

with a ½” offset in the borehole so that the annular space varied from ½” to 1½” (Figure 1).  The annular 

space between the exposed face of the CLT and to within ½” of the unexposed face was hand packed 

with mineral wood (Figure 4).  The remaining ½” was filled with intumescent caulking (Figure 5).  

All pipes were supported with riser clamps that sat on steel angles placed on the CLT panel (Figure 6).  

The tops of the pipes were secured with clamps to a steel frame that was bolted to the CLT specimen 

(Figure 7).  Thermocouples were installed and the pipes insulation (Figure 8), if required, before shipping 

the test specimen to QAI Laboratories. 
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Results and Discussions 
The thermocouple data needed to assess the service penetration firestop in accordance with CAN/ULC 

S115 are summarized in the QAI report. The additional thermocouple data have not been analyzed and 

were provided to GHL for analysis to support further development of metallic pipe insulation needed to 

meet temperature limit requirement. 

The tested penetrations met the ASTM E814 and CAN/ULC-S115 ratings as outlined in the QAI report.  

Regarding the failures observed during the hose stream test, it was concluded that the failure occurred 

because of the following reasons: 

 Copper pipes were offset by 0.5 inches resulting in 1.5-inch gaps on one side (Figure 1 and 

Figure 9) 

 Activated intumescent caulking was not sufficient to provide backing prevent the mineral wood 

from being forced out during the host stream test (Figure 10) 

This deficiency can be addressed by limiting the annular spacing to 1”.  In cases where the annular space 

may be greater than 1”, additional backing should be provided to the mineral wool on the unexposed 

side.  It should be added that the hose stream test was conducted after 2 hours instead of 1 hour of fire 

exposure; further study may reveal that such measures may not be needed as the remaining CLT around 

the penetration will be thicker and offer more shielding from the force of the hose stream. 

Analysis of the thermocouple data confirmed that copper penetrations compared to cast iron 

penetrations are at high temperature at the early stages of the fire exposure (Figure 11).  This 

consequently provides more heat to the wood and will accelerate the through-the-thickness charring 

rates in the CLT adjacent to the penetration (Figure 12).  The use of copper penetrations to study the 

impact of closer penetration spacing and pipe offsets in the boreholes is therefore appropriate and 

would yield conservative results for developing design guidelines. 

When detailing the firestop design, the key design consideration is to limit the heating from the pipe 

penetration so that charring adjacent to the penetration is similar to that away from the penetration 

(Figure 12).  There is also the combined heating from adjacent metallic penetrations.  Figure 13 (left) 

show the combined effect, while Figure 13 (right) is the effect from one penetration.  As expected, there 

was noticeably more charring of the wood between the uninsulated copper penetrations as the 

penetration spacing was reduced (Figure 14 to Figure 16).  At the closest spacing of 4 inches (2 inches of 

CLT and 1 inch annular space on each side), the wood between the boreholes was charred through the 

thickness (Figure 13 left versus right).  However, there was no flaming and the charred wood withstood 

the hose stream tests.  Given the variation in loading associated with the hose stream test, it should be 

noted that this represents only a small portion of the CLT specimen and that the copper penetrations 

may have provided some shielding against the hose stream.  Nevertheless, the charred wood was found 

to be firm and was not soft to the touch as fully charred wood.  Consequently, it may be concluded that 

the 4” penetration spacing is acceptable even with copper penetrations. 
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Test 2: Plastic Pipe Penetrations Through 5-ply CLT Floor 

Background 
Test 2 consists of plastic pipe penetrations through an unprotected 5-ply CLT panel.  The test also 

included one insulated 4” copper pipe penetration, which needed to be repeated from Test 1.  Details of 

the Test 2 specimen are described in the QAI report T895-6b. 

Materials and Methods 
The 5-ply CLT panel with pre-bored holes was identical that that used for Test 1.  To adapt it for the 

plastic pipe penetration test, ¾” D.fir plywood rings were fabricated to adapt the pre-existing holes to 

suit the plastic pipe penetration and the firestop device to be tested in each hole.  Three additional 

holes were drilled to accommodate smaller diameter plastic pipes.  The size and types of plastic pipes 

and details of the firestop are described in the QAI report and briefly summarized in Figure 18. 

Fabrication and installation of the plastic pipe penetration firestops are described in the Appendix and 

shown in Figure 19 to Figure 31.  Except for penetration G where annular space was completely filled 

with mineral wool, no intumescent caulking was used in the last ½” adjacent to the unexposed face of 

the CLT.  Once the firestops were installed, all plastic pipes were support near the top with pipe clamps 

attached supported by pairs of threaded rod attached to a support frame (Figure 32). 

Unlike Test 1, the length of the single insulated copper pipe was kept consistent with the plastic pipe 

penetrations so that the QAI pressure hood could be used.  The copper pipe was supported with a pipe 

clamp and angle iron at the base as in Test 1, but at a single point just above the pipe insulation in the 

same manner as the plastic pipes (Figure 32).  The temperature profile along the length of the copper 

pipe was not monitored; only the standard thermocouple measurements as required by the CAN/ULC 

S115 standard were installed.  

Results and Discussions 
The specimen just after the 2-hr fire exposure and the hose stream test are shown in Figure 33 and 

Figure 34, respectively.  None of the plastic penetrations experienced flaming or through openings 

during the fire exposure test as noted in the QAI report.  The copper penetration did, however, exhibit 

flaming under the insulation (Figure 35 and Figure 36).  A plausible reason for this occurred in Test 2 but 

not in Test 1 is given in the QAI report. 

None of the plastic pipe penetrations were design to limit temperature rise.  Therefore, in the absence 

of flaming or through openings during the fire exposure, the plastic pipe firestops performed as 

expected. 

There were no through openings that were developed as a result of the ASTM E814 hose stream test.  

Therefore the tested penetrations met the hose stream requirements.  It should be noted that this test 

was conducted after 2 hours of exposure. 
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Each of the plastic penetration firestop assembles were examined to assess if all the intumescent wraps 

and/or the intumescent caulking were activated (i.e. heated sufficiently to cause expansion).  How pipes 

were closed off was also noted.  These are summarized in the following table: 

Table 2 Plastic Pipe Penetration Size and Mode of Failure 

Code 

Pipe Penetrant Steel 
Sleeve 
Gauge 

No. of wraps 

Pipe failure mode 

Intumescent Activated? 

Type Nominal Lwr Upr 
Lwr 

Wrap 
Upr 

Wrap 
Caulk 

A PEX 1    in 30 ga 2 N/A Deformed & embedded Yes N/A No* 

B Copper 4    in N/A N/A N/A N/A N/A N/A N/A 

C1 PEX 2    in 30 ga 2 N/A Deformed & embedded Yes N/A Partial 

C2 PEX 2    in 30 ga 1 1 Deformed & embedded; higher heat marks than C1 Yes Yes No 

C3 PVC 2    in 30 ga 1 1 Sheared at unexposed face; pipe filled Yes Yes No 

C4 PVC 2    in 30 ga 2 2 Sheared at unexposed face; pipe filled Yes Yes Yes 

D PVC 1    in 30 ga 2 2 Sheared at unexposed face Yes Yes Partial? 

F PVC 3    in 30 ga 2 2 Sheared at unexposed face; pipe filled Yes Yes No 

G PEX 3    in 30 ga 2 2 Deformed & embedded; pipe not filled Yes Yes No* 

H PEX 1    in None 1 1 Deformed & embedded Yes No No 

I PEX 1    in None 2 2 Deformed & embedded Yes No No* 

J PEX 1 1/2in None 2 2 Deformed & embedded; pipe not filled Yes Yes Partial 

       
* Caulk pushed up from CLT 

 

The tested firestop solutions were all successful in preventing flame through (Figure 37 to Figure 42.  

There may be opportunities to reduce the number of layers (e.g. penetration I, where the wrap strip 

pushed out the intumescent caulking), and to reduce the number of bands when a steel sleeve is used 

(e.g. penetration A versus I, and C1 versus C2).  Interpretation of these results to further optimize the 

firestop will require a better understanding of the amount of expansion that occurs once the wrap strips 

are activated.  The testing demonstrated that the firestop solution can be used with PVC and PEX piping.  

There is clearly a difference in the mode of failure.  Where the PEX pipe will then to soften and deform 

as the intumescent strips expand, the PVC appears to fracture so that the pipe effectively is shear off 

from the CLT panel.  The significance of these two distinct modes of failure is unknown.  But regardless 

of the mode of failure (which is not a characteristic specified by the CAN/ULC S115 standard), the 

firestops outline in the Appendix were found to be able to limit the flame through. 

Additional work will be required to detail the firestop to limit temperature rise (which was not an 

objective for Test 2). 

Recommendations and Concluding Remarks 
The study identified how generic firestop solutions can be detailed to meet a 2-hour CAN/ULC S115 fire 

exposure, followed by the ASTM D814 hose stream test.  The basic design considerations are as follows: 
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 Copper penetrations 4” in diameter can be firestopped by specifying with an annular space of 1” 

and filling that space with mineral wool to within ½” of the floor surface.  The remaining ½” can 

be filled with an intumescent caulking to maintain an airtight seal between the metal 

penetration and the CLT.  Performance is satisfactory for pipe-to-pipe spacing as close as 4-

inches.  There are no issues with pipes that are occasionally offset as much as ½” when an 

annular space of 1” is specified.  

 Because copper penetrations expose the CLT to higher temperature than cast iron or EMT, the 

same design considerations outline for 4” diameter copper can be conservatively applied to 6” 

and smaller cast iron, and 2” and smaller electrical metallic tubing (EMT). 

 Plastic penetrations can be successfully firestopped with intumescent wrap strips provide they 

are positioned to be temperature activated and supported.  Two methods described in 

Appendix A for PVC or PEX: one without a metal sleeve for pipes less than nominal 2” in 

diameter and the other with a metal sleeve that can be applied to nominal 1” to nominal 3” 

pipes. 

The testing did not focus on detailing for limiting temperature rise.  However, data collected in this 

study may be helpful in developing such solutions. 
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Figures 

 
Figure 1 Showing hole spacing, insulation and offset pipes  

Figure 2 Copper longer than cast iron and EMT penetrations 

 
Figure 3 Metallic penetration lengths (copper are B, C1-C4) 

 
Figure 4 Annular space hand packed with mineral wool to 

within ½” of CLT surface 
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Figure 5 Upper ½” of annular space filled with caulking 

 
Figure 6 Riser clamps supported on angle iron 

 
Figure 7 Support frame 

 
Figure 8 Penetrations with surface thermocouples 

 
Figure 9 Mineral wool missing in the large gap created by 

offsetting the pipe 

 
Figure 10 Mineral wool and intumescent caulking pushed out 

by the hose stream 



Commentary on Service Penetration Tests on CLT Fire Separations 

  FPI Project No. 301011384  9 of 20  

 
Figure 11 Comparison of copper and cast iron pipe temperatures 

 
Figure 12 Generic firestop design principles 

 
Figure 13 CLT cross-section adjacent to between C2 and C3, 

and adjacent to C3 
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Figure 14 Charring between C2 (left) and C1 (right) 

 
Figure 15 Charring between C3 (left) and C2 (right) 

 
Figure 16 Charring between C4 (left) and C3 (right) 

 
Figure 17 Charring under B (insulated copper) versus C4 

(uninsulated copper) 
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Figure 18 5-ply CLT panel adapted for plastic penetrations and plastic pipe 

size/types (Note: F & G switched between metallic and plastic tests) 

C
o

d
e Pipe Penetrant 

Bore 
(mm) Type 

Nominal 
Size 

A PEX 1      in 109 

B Copper 4      in 156 

C1 PEX 2      in 156 

C2 PEX 2      in 156 

C3 PVC 2      in 156 

C4 PVC 2      in 156 

D PVC 1      in 107 

F PVC 3      in 211 

G PEX 3      in 211 

H PEX 1      in 44 

I PEX 1      in 51 

J PEX 1 1/2  in 64 
 

 
Figure 19 Tested plastic pipe firestop detail for CLT panel used (corrected with plywood inserts) 
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Figure 20 Proposed plastic pipe firestop detail for CLT panel with recommended bore 

 

Figure 21 Plan view of firestops with and without steel 
sleeve on exposed CLT face (C4 and J) 

 
Figure 22 Position of two bands of intumescent strips 
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Figure 23 Firestops with steel sleeve projecting 1” into 
exposed side, gear clamps and strips cut into one end 

 
Figure 24 Mineral wood packed by hand around steel sleeve 

 
Figure 25 Plywood insert to reduce original CLT borehole size 

to ½” annular space 

 
Figure 26 Underside of typical firestop with steel sleeve 

showing mineral wool 

 
Figure 27 Annular space between CLT (plywood) and steel 

sleeve filled with intumescent caulking 

 
Figure 28 Steel strips bend down to support and centre steel 

sleeve in borehole 
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Figure 29 Intumescent caulking between plastic pipe and 

steel sleeve, and standard thermocouples 

 
Figure 30 Unexposed side view of penetrations without steel 
sleeve (intumescent caulking for smoke control not shown) 

 
Figure 31 Exposed side view of penetrations without steel 

sleeve 

 
Figure 32 Support of penetrations with intumescent strips 

and steel sleeves installed, and ready for mineral wool  
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Figure 33 After 2-hr fire exposure 

 
Figure 34 After hose stream test 

 
Figure 35 Result of flaming under the copper pipe insulation 

(top left penetration) 

 
Figure 36 Result of flaming under the copper pipe insulation 

(viewed from the rear furnace wall side) 
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Figure 37 Penetration H (PEX with no sleeve) 

 
Figure 38 Penetration G (PEX with steel sleeve) 

 
Figure 39 Penetration C3 (PVC with steel sleeve) 

 
Figure 40 Penetration C2 (PEX with steel sleeve) 

 
Figure 41 Penetration A (PEX with steel sleeve) 

 
Figure 42 Penetration I (PEX without steel sleeve) 
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Figure 43 2-inch PEX with 2 layers of intumescent wrap in a 

steel sleeve 

 
Figure 44 2-inch PVC with 2 layers of intumescent wrap in a 

steel sleeve 

 
Figure 45 1-inch PVC with 2 layers of intumescent wrap in a 

steel sleeve 

 
Figure 46 2-inch PEX with 2 layers intumescent wrap in a 

steel sleeve 

 
Figure 47 1-inch PEX with 1 layer of intumescent wrap (no 

steel sleeve) 

 
Figure 48 Comparison of failures for firestops using steel 

sleeve: PEX-PEX-PVC-PVC-PEX 
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Figure 49 Comparison of failures for firestops without steel 

sleeve: PEX-PEX-PEX 
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Appendix – Plastic Firestop Design and Fabrication 
The following were the firestop fabrication instructions for the plastic pipe penetrations larger than 

nominal 2” in diameter: 

 𝐵𝑜𝑟𝑒𝑡𝑒𝑠𝑡𝑒𝑑 = 𝑃𝑖𝑝𝑒𝑂.𝐷. + 2 ∙ (𝑁𝑙𝑎𝑦𝑒𝑟𝑠 𝑜𝑓 𝑤𝑟𝑎𝑝 ∙ 𝑇ℎ𝑖𝑐𝑘𝑒𝑠𝑠𝑤𝑟𝑎𝑝 + 𝐴𝑛𝑛𝑢𝑙𝑎𝑟𝑆𝑝𝑎𝑐𝑒) 

 For the larger diameter plastic pipes (defined in these tests as nominal 2”): 

 Position a band of 2 layers of 1¾” wide intumescent wrap 1” below the exposed face of the CLT.  

If specified, position another band of 2 layers of 1¾” wide intumescent wrap so its bottom edge 

is at the theoretical level of char after 2 hrs of fire exposure (Figure 22).  Maintain the position of 

the bands of intumescent wrap along the pipe with air duct aluminium foil tape. 

 Obtain a piece of 30 gauge sheet steel that is sufficiently wide to wrap around the pipe and wrap 

strips with about 1” of overlap.  The length of the sheet steel should be equal to the CLT panel 

thickness (e.g. 175 mm) plus the expected distance between the perimeter of the steel sleeve 

and a point where the sleeve will be fastened to the unexposed face of the CLT (Figure 23). 

 Secure the steel sheet with two gear clamps, one centred over each band of intumescent wrap.  

Tighten so that the steel sleeve is snug against the intumescent wrap. 

 Measure from the exposed side of the steel sleeve 1” plus the thickness of the CLT panel (e.g. 25 

+ 175 mm).  From the unexposed end of the steel sleeve, cut the steel sleeve into strip 

approximately 1” wide (Figure 23). 

 Insert the firestop assembly in the borehole so that the steel sleeve protrudes 1” past the 

exposed face of the CLT panel (the ends of the cuts in the steel sleeve should align with the 

unexposed face of the CLT panel). 

 Centre the firestop assembly and pipe in the borehole.  Pack the annular space between the CLT 

and the steel sleeve with mineral wood from the exposed face of the CLT to within ½” of the 

unexposed face of the CLT (Figure 24 to Figure 26).  Fill the remaining ½” of the annular space 

with intumescent caulking (Figure 27). 

 Bend the cut strips in the firestop assembly down so that they radiate out from the firestop 

assembly (Figure 28).  Fasten the strips to the CLT face (e.g. with staples). 

 Fill the annular space between the plastic pipe and the steel sleeve with intumescent caulking 

(Figure 29).  Where 2 layers of intumescent wrap were used, the gap may be too wide to 

prevent the caulking from bridging the gap.  If so, loosely pack the annular space with mineral 

wool to provide support to the caulking.  The caulking here is to provide smoke control and is 

not expected to provide insulation against heat. 

For the smaller diameter plastic pipes (defined in these tests as less than nominal 1½” in diameter), the 

following instructions were followed: 

 𝐵𝑜𝑟𝑒𝑡𝑒𝑠𝑡𝑒𝑑 = 𝑃𝑖𝑝𝑒𝑂.𝐷. + 2 ∙ (𝑁𝑙𝑎𝑦𝑒𝑟𝑠 𝑜𝑓 𝑤𝑟𝑎𝑝 ∙ 𝑇ℎ𝑖𝑐𝑘𝑒𝑠𝑠𝑤𝑟𝑎𝑝) + (2 𝑡𝑜 3 𝑚𝑚) 

 Position a band of 1¾” wide intumescent so that its bottom edge is even with the exposed face 

of the CLT.   Use one layers of intumescent wrap strip for nominal 1” or smaller pipes, and two 

layers for larger diameter plastic pipes between 1” and 2”. 
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 Position another band of 1¾” wide intumescent wrap so its bottom edge is at the theoretical 

level of char after 2 hrs of fire exposure (Figure 22).  Use the same number of layers of 

intumescent wrap strip as the first band. 

 Maintain the position of both bands of intumescent wrap along the pipe with air duct aluminium 

foil tape. 

 Insert the firestop assembly in the borehole so that the bottom edge of the low band of 

intumescent wrap is aligned with the exposed face of the CLT panel (Figure 30 and Figure 31). 

 Centre the firestop assembly and pipe in the borehole, and fill the gap between the plastic pipe 

and CLT with intumescent caulking.    

 


