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Solutions for Mid-Rise Wood Construction:
Cone Calorimeter Results for Acoustic Membrane Materials Used in Floor Assemblies

M. Bijloos, G.D. Lougheed, J.Z. Su and N. Bénichou

1 INTRODUCTION

The acceptable solutions provided in the 2010 National Building Code (NBC) Division B [1]
limits the use of combustible (wood) construction based on building height. For example, for
Group C (Residential), Group D (Business and Personal Services) and Group E (Mercantile)
occupancies, combustible construction can be used up to 4 storeys, and up to 2 storeys for
Group A — Division 2 (Assembly) occupancies. In addition to the building height limitation, there
are also building area limitations in the 2010 NBC for the use of combustible construction for
these occupancies. For buildings that exceed the height and area requirements for combustible
construction, the prescriptive requirements in the 2010 NBC require that noncombustible
construction be used for the primary structural elements.

The prescriptive construction requirements for fire safety and protection of buildings, which are
dependent upon the building size and occupancy type, are provided in Subsection 3.2.2 of the
2010 NBC. This includes the identification of the buildings for which noncombustible
construction is required. The intent of the prescriptive requirements for noncombustible
construction as they relate to the NBC fire safety/fire protection of building objectives is “to limit
the probability that combustible construction materials within a storey of a building will be
involved in a fire, which could lead to the growth of fire, which could lead to the spread of fire
within the storey during the time required to achieve occupant safety and for emergency
responders to perform their duties, which could lead to harm to persons/damage to the
building”.

The 2010 NBC defines noncombustible construction as “that type of construction in which a
degree of fire safety is attained by use of noncombustible construction materials for structural
members and other building assemblies” [1]. Article 3.1.5.1 requires that a building or part of a
building required to be of noncombustible construction be constructed using noncombustible
materials. The intent of this requirement, as it relates to the NBC fire safety/fire protection of
building objectives, is “fo limit the probability that construction materials will contribute to the
growth and spread of fire, which would lead to harm to persons/damage to the building”.

The NBC does permit, as exceptions, an extensive use of combustible materials in buildings
otherwise required to have their primary structural elements to be of noncombustible
construction. The allowed materials and associated limitations are primarily provided in Articles
3.1.5.2 t0 3.1.5.21. Generally, the combustible elements permitted relate to interior finishes,
gypsum board, combustible roofing materials, combustible plumbing fixtures, cabling, protected
insulation, flooring, combustible glazing, combustible cladding systems, non-loadbearing
framing elements in partitions, stairs in dwellings, and trim and millwork, among others.

Divisions B of the NBC (the “acceptable solutions” portion of the Code) generally does not
permit combustible materials to be used for the primary structural elements in buildings required
to be of noncombustible construction. In the Scoping Study [2] for mid-rise and hybrid buildings,
it was suggested that an alternative solution using wood construction may be developed to meet
the intent of the prescriptive “noncombustibility” requirement for mid-rise (and taller) buildings.
As one approach, encapsulation materials could be used to protect the combustible (wood)
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structural materials for a period of time in order to delay the effects of the fire on the combustible
structural elements, including delay of ignition. In delaying ignition, any effects of the
combustion of the combustible structural elements on the fire severity can be delayed. In some
cases, and depending upon the amount of encapsulating material used (e.g. number of layers),
ignition of the elements might be avoided completely. This scenario would primarily depend
upon the fire event and the actual fire performance of the encapsulating materials used.

A research project, Wood and Wood-Hybrid Midrise Buildings, was undertaken to develop
information to be used as the basis for alternative/acceptable solutions for mid-rise construction
using wood structural elements. One of the Tasks in this project was to conduct large-scale
apartment fire tests using wall and floor assembly materials that would be typical of those that
would be used in the construction of mid-rise and taller buildings using wood as the structural
elements. This included the use of materials used to meet acoustic requirements. However,
there was no fire data available for acoustic membranes used in floor assemblies in the
Canadian market. This included acoustic membranes that would be used with a hardwood
flooring, as well as membranes for use between a concrete topping and a plywood or OSB
subfloor.

Cone calorimeter tests were conducted to select and characterize seven acoustic membranes.
The results of the cone calorimeter tests are provided in this report. These results were used to
select acoustic membranes for the floor assemblies used in the large-scale apartment tests.

2 ACOUSTIC MEMBRANES

Acoustic membranes can be used at various locations in a floor assembly as a means to isolate
floor elements and limit sound transmission through the assembly. For a floor assembly with
hardwood flooring and a poured concrete topping, a thin layer of acoustic membrane is typically
used between the hardwood flooring and the concrete topping. A thicker material is used
between the concrete topping and the plywood or OSB subfloor.

In this project, 5 acoustic membranes (AM-1 — AM-5) used between hardwood flooring and a
concrete topping were tested as well as 2 materials (AM-6 and AM-7) used between a concrete
topping and a subfloor. The materials were obtained from local suppliers and a brief description
is provided in Table 1.

3 TEST METHOD AND SETUP

The cone calorimeter tests were conducted using typical acoustic membrane materials. These
tests were conducted in general conformance with ISO 5660 [3] including the specimen holder
and the data measurements specified in the test standard.

The specimens were 100 mm x 100 mm and were exposed to a 50 kW/m?heat flux. The test
specimen was mounted on a layer of ceramic fibre insulation and a grid' was used in all tests. A
single test was conducted for all the acoustic membrane materials except AM-4, for which
duplicate tests were conducted.

T A common problem with fire test specimens is when they intumesce, either prior to ignition or during the
burning. For most cases, a wire grid placed on top of the specimen can be used to minimize the effect on
the measurements [4].

A1-100035-01.13 2 NC-CNRC



Table 1. Acoustic membranes tested.

Material Thickness | Use Description
(mm)

AM-1 7.0 Hardwood/topping | Felt on a blue plastic membrane

AM-2 4.0 Hardwood/topping | White foam between a blue and a
transparent plastic membrane

AM-3 2.0 Hardwood/topping | Polystyrene beads between green and
white plastic membranes

AM-4 2.0 Hardwood/topping | Green foam membrane

AM-5 3.1 Hardwood/topping | Black rubber nuggets on beige vinyl
membrane

AM-6 10.6 Topping/subfloor | Black rubber nuggets on black
polyethylene

AM-7 21 Topping/subfloor | Felt

4 RESULTS OF CONE CALORIMETER TESTS OF ACOUSTIC MEMBRANES

Cone calorimeter tests were conducted for seven acoustic membrane materials used in floor
assemblies. A single test with a 50 kW/m? exposure was conducted for 6 samples. For the
seventh sample (AM-4), duplicate tests were conducted.

Plots showing the heat release rate, sample mass, rate of smoke release and effective heat of
combustion are provided for each specimen in Appendix A and selected results are summarized
in Table 2. The heat release rates for the materials are shown in Figure 1.

The five acoustic materials for use between hardwood flooring and a concrete topping ignited
within 20 s, and flaming ceased in <200 s. l.e., the ignition time was < 20 s and the flameout
time was < 200 s). The shortest ignition time (4 s) was for AM-1, which was a felt material on a
blue plastic membrane. The thicker felt material (AM-7), which is to be used between a concrete
topping and a subfloor, also ignited quickly (7 s) and sustained a flame for a short duration

(206 s).

The other acoustic membrane material for use between a concrete topping and a subfloor (AM-
6) had the longest time to ignition (32 s). It also sustained flames for the longest time (647 s).

Materials AM-2, AM-3 and AM-4 each produced limited total heat outputs (each < 10 MJ/m?).

For comparison, the 2010 NBC [1] specifies that any building material can be used in a building
required to be of noncombustible construction, with no limits placed on quantity or location, if it
produces < 3 MJ/m? total heat release rate when tested in accordance with CAN/ULC S135 [5].
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Materials AM-1 and AM-5 had total heat releases of 23.5 and 64.6 MJ/m?, respectively. These
two materials also had the highest peak heat release rates (354.3 and 753.7 kW/m?,
respectively) of the five acoustic membrane materials for use beneath a hardwood floor.

The total heat release and peak heat release rate measured for acoustic membrane material
AM-5 were significantly higher than the other four materials for use between hardwood flooring
and a concrete topping. This material was selected for use in the large-scale apartment tests.

For the two acoustic membrane materials to be used between a concrete topping and a
subfloor, material AM-6 had a significantly higher total heat release than AM-7 (159.2 and 21.2
MJ/m?, respectively). It was selected for use in the large-scale apartment tests.

Table 3 shows cone calorimeter results for other typical materials used in floor assemblies [6,
7]. The total heat release and peak release rates for these materials are compared to those for
the acoustic membrane materials in Figure 2 and Figure 3.

All the acoustic membrane materials except AM-5 and AM-6 had lower total heat release than
the other flooring materials. Acoustic membrane material AM-5 had a total heat release
comparable to nylon carpets. Material AM-6 had a total heat release which was higher than the
OSB and comparable to the other wood-based flooring materials.

Most of the acoustic membrane materials had peak heat release rates that were higher than the
wood-based flooring materials and comparable to that produced by the carpets. However,
materials AM-5 and AM-6 had considerably higher peak heat release rates than all of the
flooring materials except that AM-6 was lower than the carpet underpad. These two acoustic
membranes also had the highest total smoke release.
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Table 2. Cone calorimeter results acoustic membrane materials*.

Sample Heat Flux | Thickness | Mass Lost/ Ignition/ HRR Total Total Smoke EHC Fuel
Initial Mass | Flameout | Mean/Peak HR Release Mean/Peak Load
(kW/m?) (mm) (9) (s) (kW/m?) (MJ/m?) (m?m?) (MJ/kg) (MJ/kg)

AM-1 50 7.0 7.5/10.0 4/159 151.4/354.3 23.5 394.9 27.7/50.0 20.8

AM-2 50 4.0 1.7/2.0 15/200 51.8/343.2 9.6 63.2 49.2/30.5 43.36

AM-3 50 2.0 1.4/1.7 10/129 55.1/271.8 6.6 132.5 42.3/24.9 34.7

AM-4a 50 2.0 3.2/7.0 12/74 40.5/351.1 9.3 103.6 25.2/27 1 11.7
AM-4b 50 2.0 3.1/6.7 11/77 126.6/336.5 8.4 100.6 24.2/13.0 11.1
AM-5 50 3.1 16.9/19.1 19/175 73.4/753.7 64.6 2084.6 33.8/49.7 29.9

AM-6 50 10.6 37.4/46.4 32/679 88.4/598.9 159.2 5188.4 37.7/49.9 30.4

AM-7 50 21.0 11.0/12.0 7/213 102.9/272.5 21.2 406.0 17.1/33.4 15.6

HRR — Heat release rate
*Measured values are for time period with flaming combustion between the specimen ignition and flameout times.

A1-100035-01.13

HR — Heat release

EHC — Effective heat of combustion

NC-CN\RC




Table 3. Cone calorimeter results for flooring materials.

Sample Heat Flux | Thickness | Mass Lost/ Ignition/ HRR Total Total Smoke EHC
Initial Mass | Flameout | Mean/Peak HR Release Mean/Peak
(kW/m?) (mm) (9) (s) (kW/m?) (MJ/m?) (m?m2) (MJ/kg)
Vinyl flooring [7] 50 1.5 14.0/18.7 | 12.5/108.5 | 16.9/214.4 30.4 984.5 16.94/214.4
Laminate Flooring [7] 50 7.8 55.1/61.0 92/508.5 | 58.1/315.5 101.9 2413 58.1/315.5
60 oz nylon carpet [7] 50 20 21.9/28.8 62.5/405 NA/459.5 78.7 890.5 NA/459.5
40 oz nylon carpet [7] 50 175 18.3 /241 55/254.5 NA/384.8 60.3 855.1 NA/384.8
Carpet [6] 50 10 20.3/28.1 63.5/280.5 | NA/417.0 48.4 1081.5 NA/417.0
Underpad [6] 50 18 14.1/14.6 9.8/206.8 NA/699.4 40.9 687.4 NA/699.4
Hardwood [7] 50 32 NA/212.1 54/1469 NA/186.1 194.3 147 1 NA/186.1
Parquet [7] 50 29 NA/165.5 53/2233 NA/277.3 181.0 214.9 NA/277.3
OSB [6] 50 15.0% 81.3/87.5 34/747 73.2/220.4 130.2 374.7 73.2/220.4

HRR — Heat release rate
*Measured thickness

A1-100035-01.13
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5 SUMMARY

A project, Wood and Wood-Hybrid Midrise Buildings, was undertaken to develop information to
be used as the basis for alternative and acceptable solutions for mid-rise and taller building
construction using wood structural elements. As part of this project, cone calorimeter tests were
conducted to characterize seven acoustic membrane materials. The results of the cone
calorimeter tests are provided in this report. These results were used to select acoustic
membrane materials for the floor assemblies used in the large-scale apartment tests.
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8 APPENDIX A - CONE CALORIMETER DATA FOR ACOUSTIC MEMBRANE
MATERIALS

Cone calorimeter tests were conducted for seven acoustic membrane materials. For all except
one material (Sample AM-4) a single test was conducted with a radiant exposure of 50 kW/m?.
For acoustic membrane AM-4, two specimens were tested, both with an exposure of 50 kW/m?.

In this Appendix, selected data plots are shown for each test:

1. Heat release rate (kW/m?),
2. Specimen mass (g),

3. Rate of smoke release ((m?/s)/m?), and

4. Effective heat of combustion (MJ/kg).

The effective heat of combustion is determined by dividing the heat release rate by the mass
loss rate. Once the specimen mass reaches steady or near steady conditions, this can result in
a small value being divided by a second small value, which can produce erroneous results. The
data is included in the plots. However, the results after the test specimen reaches a steady or

near steady mass should not be used.

The list of the figures showing the data plots for each of the acoustic membrane samples are

provided in Table A-1.

Table A-1. Figures showing plots for the acoustic membrane samples.

Sample Figures
AM-1 Figures A-1, A-2, A-3 and A-4
AM-2 Figures A-5, A-6, A-7 and A-8
AM-3 Figures A-9, A-10, A-11 and A-12
AM-4a Figures A-13, A-14, A-15 and A-16
AM-4b Figures A-17, A-18, A-19 and A-20
AM-5 Figures A-21, A-22, A-23 and A-24
AM-6 Figures A-25, A-26, A-27 and A-28
AM-7 Figures A-29, A-30, A-31 and A-32
A1-100035-01.13 10 NC-CNC
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Figure A-19. Rate of smoke release - Sample AM-4b.
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Figure A-18. Specimen mass - Sample AM-4b.
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Figure A-20. Effective heat of combustion - Sample AM-4b.
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Figure A-21. Heat release rate - Sample AM-5.

Figure A-22. Specimen mass - Sample AM-5.
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Figure A-23. Rate of smoke release - Sample AM-5.
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Figure A-24. Effective heat of combustion - Sample AM-5.
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Figure A-25. Heat release rate - Sample AM-6.

Figure A-26. Specimen mass - Sample AM-6.
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Figure A-27. Rate of smoke release - Sample AM-6. Figure A-28. Effective heat of combustion - Sample AM-6.

A1-100035-01.13

17 NIC-CNC



500 ————————————————————————————— 20 [

-
[¢)]
L
L

Heat Release Rate (kW/m2)
Specimen Mass (g)
>

0 + + + + L + + + + L + + + + L + + + + L + + + + 0 I I I I I 1 I I I I 1 I I I I 1 n 1

0 100 200 300 400 500 0 100 200 300 400 — 500
Time (s) Time (s)
Figure A-29. Heat release rate - Sample AM-7. Figure A-30. Specimen mass - Sample AM-7.
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Figure A-31. Rate of smoke release - Sample AM-7. Figure A-32. Effective heat of combustion - Sample AM-7.
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