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TEMPERATURE MEASUREMENTS IN SMALL-SCALE GYPSUM 
WALLBOARD ASSEMBLIES WITH AND WITHOUT RESILIENT CHANNELS 

ABSTRACT 

This report presents the temperature measurements from fire resistance tests 
conducted at the National Fire Laboratory on small-scale, non-insulated, gypsum 
wallboard protected assemblies with and without resilient channels. Assemblies with 
resilient channels include the installation of channels between the wood studs and the 
gypsum wallboard on the exposed side, on the unexposed side and on both the exposed 
and unexposed sides. Gypsum wallboard arrangements studied were 1x1 (one layer of 
board on both the exposed and unexposed sides) and 2x2 (two layers of board on both the 
exposed and unexposed sides). The average temperature distribution on the unexposed 
surface as well as on the inner-surfaces are presented. 



TEMPERATURE MEASUREMENTS IN SMALL-SCALE GYPSUM 
WALLBOARD ASSEMBLIES WITH AND WITHOUT RESILIENT CHANNELS 

1 INTRODUCTION 

A number of recent changes to the 1990 edition of the National Building Code of 
Canada (NBCC) and to CANJCSA-A82.27-M91 Standard "Gypsum Board-Building 
Materials and Products" may have an effect on the fire performance of insulated and non- 
insulated gypsum wallboard assemblies. One of the major issues is that the requirement 
for weight per unit area for gypsum board products has been removed. As well, there 
have been changes in the NBCC to increase the sound transmission ratings (STC) 
between dwelling units. These changes may have an impact on the fire resistance of both 
wall and floor assemblies referenced in Parts 3 and 9 of the NBCC, as well as the 
calculation methods in Chapter 2 of the Supplement to the NBCC. 

As a result of these changes, a Joint Research Project between IRCmRCC and 8 
industry partners has been conducted with the primary objective of determining the 
impact that the various changes to the codes and standards may have had on the fire 
resistance ratings of insulated and non-insulated gypsum board wall assemblies. A number 
of full-and small-scale tests have been conducted to studv the effect of different . 
parameters, such as the installation of resilient channels, insulation in the wall cavity, 
gypsumboard types and symmetrical and asymmetrical gypsumboard installations. 

This report presents the results of the fire tests conducted the National Fire 
Laboratory, National Research Council Canada as part of that Joint Research Project to 
determine the effect of the installation of resilient channels on the fire performance of non- 
insulated small-scale assemblies. Other reports will deal with other issues in this project. 

2 DESCRIPTION OF TEST ASSEMBLIES 

The small-scale test assembly furnace set-up is shown in Figure 1. 

2.1 Dimensions 

Eight assemblies were constructed 914 mm high by 914 rnm wide with various 
depths depending on the number of layers of gypsumboard. The specific dimensions of 
each assembly are given in Figures 3 to 10. 

2.2.2 Gypsum Board 

Type X gypsum board conforming to the requirements of CANICSA-A82.27-M91 
[I] was used. The 12.7 mm thick Type X gypsum board had a masslunit area of 7.83 
kg/m2. 



2.2.3 Framing Materials 

The wood framing members were nominal 2x4's (38 mm thick by 89 mm deep) and 
conformed to CSA 0141-1970 [2]. 

2.2.4 Resilient Channels 

The resilient channels used in the assemblies consisted of sections of 0.18 mm 
thick galvanized steel. These channels consisted of a 34 mm web and one flattened 18 rnm 
flange lip (see Figure 11). The flange between the web and flattened lip was perforated 
with 36 mm oblong holes. 

2.3 Fabrication 

The small-scale assemblies were constructed using similar construction practices to 
those employed for full-scale fire test assemblies. All small-scale tests were non-load 
bearing. 

2.3.1 Wood Stud Assemblies 

The wood studs used were 38 mm by 89 mm (SPF No. 1 and No. 2, S-Dry, 
QLMA Mill Grade 149) and spaced at 400 mm O.C. To make up the required furnace 
width of 914 by 914 mm, an additional stud was added to each end (see Figures 3 to 10). 
The top and bottom plates were then added to complete the box assembly construction. 

For single layer construction assemblies without resilient channels,(one layer of 
gypsumboard on each of the exposed and unexposed sides), the wallboard was attached 
to studs with Type S drywall screws 41 mm long and spaced at 400 mm. O.C. The screw 
heads were covered with joint compound. Screw locations and gypsumboard joints are 
shown in Figures 12 to 16 [3]. The board joint was finished with fibre tape and joint 
compound. 

In the double gypsum layer construction without resilient channels, both the 
exposed and unexposed sides had two gypsum layers: base and face layers. The base layer 
was attached to wood studs with Type S drywall screws 41 mm long spaced at 400 mm 
O.C. along the edges and spaced at 600 mm O.C. in the field of the board. Screw 
locations and gypsumboard joints are shown in Figures 17 to 19 [3]. The face layer was 
attached to both the base layer and the studs with screws 51 mm long spaced at 400 mm 
O.C. Screw heads on both the exposed and unexposed faces were covered with joint 
compound. 

2.3.2 Resilient Channel Installation 

The resilient channels were attached to either the exposed or unexposed side of the 
wood studs, or both, with 25 mm long self drilling, self tapping steel screws spaced at 



300 mm O.C. The wallboard was attached to the channels with 32 mm long steel screws 
spaced at 300 mm O.C. Three rows of channels were installed horizontally, perpendicular 
to the studs, at 400 mm O.C. using similar construction practices to those specified in 
ULC Assembly U-311 [4]. At both ends, the channels were cut 39 mm shorter than the 
width of the assembly in order to avoid heat and flame transmission to the unexposed 
surface. The gaps created at the ends of the channels were filled with strips of 
gypsumboard facing screwed to the outer edge studs (see Fig. 10). 

2.4 Instrumentation 

Type K (20 gauge) chromel-alumel thermocouples, with a thickness of 0.91 mm, 
were used for measuring temperatures at a number of locations throughout an assembly. 
Inside cavities, the thermocouples were attached to 2 wire hangers installed midway 
between the studs and at mid depth of the studs at distances of 114 and 314 of the height of 
the wall. By providing tension to the hanger wire, the thermocouples were positioned 
flush with the surface of the wallboard. 

Thermocouples located on stud/wallboard faces and those located between 
wallboard layers were taped into position and then the wallboard was screwed to the stud 
or the face wallboard layer. 

A number of small holes, 12.7 mm diameter, were drilled through the studs to 
allow the thermocouple wiring to exit the assembly. 

The thermocouple locations are shown for each assembly in Figures 2 to 10. 

3 TEST APPARATUS 

The tests were carried out by exposing the assemblies to heat in a propane-fueled 
fire brick lined vertical furnace with an 810 by 810 mm opening. The assemblies were 
sealed at the edges against the furnace with ceramic fibre blanket. The furnace temperature 
was measured by two 20 gauge shielded thermocouples, located near the vertical 
centerline of the furnace and 300 mm from the exposed surface of the assembly. The 
average of these two temperatures was used to control the furnace temperature. 

4 TEST CONDITIONS AND PROCEDURES 

4.1 Fire Exposure 

The ambient temperature at the start of each test was approximately 22 '~ .  During 
the test, the wall assembly was exposed to heating on the exposed side, in such a way that 
the average temperature in the furnace followed a. closely as possible the CANIULC- 
S 10 1-M89 [5] standard temperature-time curve. 



4.2 Failure Criteria 

The failure criteria for the small-scale tests were drived from CANIULC-S101- 
M89 [5]. The assembly was considered to have failed if a single point thermocouple 
temperature reading on the unexposed face rose 180°C or the average temperature of the 
5 thermocouples readings under the insulated pads on the unexposed face rose 140°C 
above the ambient temperature or there was passage of flame or gasses hot enough to 
ignite cotton waste. The tests were run beyond the failure temperature referred to above 
to provide additional performance data. 

4.3 Recording of Results 

The furnace and wall assembly temperatures were recorded at 1 minute intervals 
using LABTECH NOTEBOOK data acquisition software and a Fluke Helios-I data 
acquisition system. 

Individual thermocouple and average furnace temperature values for the 8 
assemblies are given in Tables 2.1.1, 2.1.2 (Test S-05); 3.1.1, 3.1.2 (Test S-06); 4.1.1, 
4.1.2 (Test S-07); 5.1.1,5.1.2 (Test S-08); 6.1.1,6.1.2 (Test S-35); 7.1.1,7.1.2,7.1.3, 
7.1.4,7.1.5, 7.1.6 (Test S-36); 8.1.1, 8.1.2, 8.1.3, 8.1.4, 8.1.5, 8.1.6 (Test S-37); 9.1.1, 
9.1.2,9.1.3, 9.1.4,9.1.5, 9.1.6 (Test S-38). The average surface temperature values are 
given in Tables 2.2.1 (Test S-05); 3.2.1 (Test S-06); 4.2.1 (Test S-07); 5.2.1 (Test S-08); 
6.2.1 (Test S-35); 7.2.1, 7.2.2,7.2.3 (Test S-36); 8.2.1, 8.2.2, 8.2.3 (Test S-37); 9.2.1, 
9.2.2, 9.2.3 (Test S-38). 

5 RESULTS AND DISCUSSION 

The results of the 8 small-scale fire tests are summarized in Table 1 in which the 
single point and average failure times are given for each assembly. 

The average surface and inner-surface temperature distributions recorded 
throughout the tests are presented in Subsection 2 of the Tables 2 to 9 and plotted in 
Figures 14 to 21. Detailed temperature distributions for all five thermocouples under the 
insulated pads on the unexposed surface are also presented in Tables 2 to 9 and plotted in 
Figures 14 to 21. 

Behavior of Non-Insulated Small-Scale Assemblies With Resilient Channels 

The baseline tests (without resilient channels) were Tests S-08 and S-35. In Test 
S-08, the gypsumboard had a horizontal joint at the mid height of the wall on the exposed 
side to represent horizontal gypsumboard applications (see Figure 15) and in Test S-35, 
the gypsumboard had a vertical joint at the mid width of the wall on the exposed side to 
represent vertical gypsumboard applications (see Figure 16). The temperature failure 
criterion was reached at 46 min for Test S-08 and at 49 min for Test S-35. The difference 
of 3 min is considered to be insignificant. For the purpose of comparison, however, Test 



S-08 was used as the baseline for the resilient channel investigations with a single layer of 
Type X board. 

Tests S-05, S-06 and SO7 were used to investigate the effect of installation of 
resilient channels on the fxe performance of non-insulated single layer protected 
assemblies. The temperature failure criterion was reached at 48 min for Test S-05, at 45 
min for Test S-06 and at 48 min for Test S-07. Results showed that in small-scale wall 
furnace tests, the installation of resilient channels, on either the exposed or the unexposed 
or both sides, did not have significant impact on temperature failure compared to base 
Test S-08. 

Tests S-36, S-37 and S-38 were used to investigate the effect of resilient channels 
on the fire performance based on temperature failure of small-scale non-insulated wood 
stud assemblies with two layers of Type X gypsum board on both sides. The temperature 
failure criterion, as shown in Table 1, was reached at 142 min for base Test S-36 (without 
resilient channels), at 141 min for Test S-37 (with resilient channels on the fire exposed 
side) and at 144 min for Test S-38 (with resilient channels on both, exposed and 
unexposed sides). Since there is no significant difference in the fire performance of 
assemblies in tests (S-36 to S-38), no attempt was made to conduct a test on a two 
layered assembly with resilient channels on the unexposed side. These results showed 
that, in small-scale wall furnace tests, the installation of resilient channels did not have a 
significant impact on the temperature failure compared to base Test S-36. 
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Table 1. Small-Scale Assembly Parameters and Fire Test Results 

X - Type X Gypsum Wallboard (7.83 kg/m2) 
E - Exposed Side U - Unexposed Side 

'** - Null Value 

1 - Single Layer Test With Vertical Joint 
2 - Double Layer Test With Horizontal Joint 



Figure 1. Small-Scale Test Assembly Furnace 
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Figure 3. Thermocouple Locations in Small-Scale Test S-05 
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Figure 4. Thermocouple Locations in Srnall-Scale Test S-06 
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Figure 5. Thermocouple Locations in Small-Scale Test S-07 
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Figure 6. Thermocouple Locations in Small-Scale Test 5-08 
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Figure 7. Thermocouple Locations in Small-Scale Test S-35 
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Figure 8. Thermocouple Locations in Small-Scale Test S-36 
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Figure 9. Thermocouple Locations in Small-Scale Test S-37 
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Figure 10. Thermocouple Locations in Small-Scale Test S-38 
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Figure 11. Resilient Channel Installation Detail 
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Figure 12. Screw Locations For Wood Stud, 1x1 Gypsum Layers, 
Srnall-Scale Assembly S-05 
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Figure 13. Screw Locations For Wood Stud, 1x1 Gypsum Layers, 
Small-Scale Assembly S-06 
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Figure 14. Screw Locations For Wood Stud, 1x1 Gypsum Layers, 
Small-Scale Assembly 5-07 
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Figure 15. Screw Locations For Wood Stud, 1x1 Gypsum Layers, 
Small-Scale Assembly S-08 
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Figure.16. Screw Locations For Wood Stud, 1x1 Gypsum Layers, 
Small-Scale Assembly S-35 
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Figure 17. Screw Locations For Wood Stud, 2x2 Gypsum Layers, 
Small-Scale Assembly S-36 



Face Layer 

Base Layer 

Resilient Channel 

Unexposed Side 

(a) Base Layer 

-4 400 rnrn 

914 rnrn 

600 rnrn 
400 rnrn 

4 

(a) Base Layer 

4 400 rnrn & 

(b) Face Layer (b) Face Layer 

914 rnrn 

400 rnrn 

914 rnrn ----A 

-4 400 rnrn k 

400 rnrn 

914 rnrn --4 

(i) Fire Exposed Side (ii) Unexposed Side 

Drawing not to scale 

Figure 18. Screw Locations For Wood Stud, 2x2 Gypsum Layers, 
Small-Scale Assembly S-37 
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Figure 19. Screw Locations For Wood Stud, 2x2 Gypsum Layers, 
Small-Scale Assembly 5-30 
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Figure 20. Temperature Distributions For Small Scale Test Assembly S-05 
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Figure 21. Temperature Distributions For Small Scale Test Assembly S-06 



(a) Average Face Temperature Distribution 

- ULC Furnace Temp. 
- - - BLMlStd (Exp.) 
-----  BUCav. (Exp.) 
.......... Mid WStd, 

. - _ _ - -  
......... _ _ - -  BLMlStd. (UnExp.) - 

Failure Criterion 1 
(Rm. Temp. + l39'C) 

Time (min.) 

Time (min.) 

" 400 V 

g! 
3 
C 

2 
al a 

200 

Figure 22. Temperature Distributions For Small Scale Test Assembly S-07 
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Figure 23. Temperature Distributions For Small Scale Test Assembly S-08 
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Figure 24. Temperature Distributions For Small Scale Test Assembly S-35 
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Figure 25. Temperature Distributions For Small Scale Test Assembly S-36 



(a) Average Face Temperature Distribution 
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Figure 26. Temperature Distributions For Small Scale Test Assembly S-37 



(a) Average Face Temperature Distribution 
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Figure 27. Temperature Distributions For Small Scale Test Assembly S-38 



Table 2.1.1. Temperatures Measured in Assembly S-05, Wood Stud, 1x1 Gypsum Layers, Resilient Channel on Exposed Side 



Table 2.1.2. Temperatures Measured in Assembly S-05, Wood Stud, 1x1 Gypsum Layers, Resilient Channel on Exposed Side 



Table 2.2.1. Average Temperatures Measured in Assembly S-05, Wood Stud, 1x1 Gypsum Layers, Resilient Channel on Exposed Side 



Table 3.1.1. Temperatures Measured in Assembly S-06, 1x1 Gypsum Layers, Wood Stud, Resilient Channel on Unexposed Side 



Table 3.1.2. Temperatures Measured in Assembly S-06, 1x1 Gypsum Layers, Wood Stud, Resilient Channel on Unexposed Side 



Table 3.2.1. Average Temperatures Measured in Assembly S-06, 1x1 Gypsum Layers, Wood Stud, Resilient Channel on Unexposed Side 

Legend: BL - Base Layer, FL Face Layer. Cav. - Cavity. WStd. -Wood Stud. Av - Average, Exp. - Exposed Side, UnExp. - Unexposed Side 
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Table 4.1.1. Temperatures Measured in Assembly S-07, Wood Stud, 1x1 Gypsum Layers, No Resilient Channels 



Table 4.1.2. Temperatures Measured in Assembly S-07, Wood Stud, 1x1 Gypsum Layers, No Resilient Channels 



Table 4.2.1. Average Temperatures Measured in Assembly S-07, Wood Stud, 1x1 Gypsum Layers, No Resilient Channels 



Table 5.1.1. Temperatures Measured in Assembly S-08, Wood Stud, 1x1 Gypsum Layers, No Resilient Channels 



Table 5.1.2. Temperatures Measured in Assembly S-08, Wood Stud, 1x1 Gypsum Layers, No Resilient Channels 



Table 5.2.1. Average Temperatures Measured in Assembly S-08, Wood Stud, 1x1 Gypsum Layers, No Resilient Channels 

Legend: BL - Base Layer, FL - Face Layer. Cav.. Cavity, WStd. - Wood Stud. Av - Average, Exp. - Exposed Slde. UnExp. - Unexposed Side 
nme 

lmnl 

Tffsvl 

(%I 

BVWSld.lE.p.1 

Au(l4.15) 

BUCau. l&p) 

AvllO.ll.18.19) 

BVWSld. (UnExp) 

Avll8.171 

BUCav.(UnErp.l 

Av(l2.13 20.211 

LnErp 

Av(1.2.3.451 



Table 6.1.1. Temperatures Measured in Assembly S-35, Wood Stud, 1x1 Gypsum Layers, No Resilient Channels 



Table 6.1.2. Temperatures Measured in Assembly S-35, Wood Stud, 1x1 Gypsum Layers, No Resilient Channels 



Table 6.2.1. Average Temperatures Measured in Assembly S-35, Wood Stud, 1x1 Gypsum Layers, No Resilient Channels 



Table 7.1.1. Temperatures Measured in Assembly S-36, Wood Stud, 2x2 Gypsum Layers, No Resilient Channels 



Table 7.1.2. Temperatures Measured in Assembly S-36, Wood Stud, 2x2 Gypsum Layers, No Resilient Channels 



Table 7.1.3. Temperatures Measured in Assembly S-36, Wood Stud, 2x2 Gypsum Layers, No Resilient Channels 



Table 7.1.4. Temperatures Measured in Assembly S-36, Wood Stud, 2x2 Gypsum Layers, No Resilient Channels 



Table 7.1.5. Temperatures Measured in Assembly S-36, Wood Stud, 2x2 Gypsum Layers, No Resilient Channels 





Table 7.2.1. Average Temperatures Measured in Assembly S-36, Wood Stud, 2x2 Gypsum Layers, No Resilient Channels 
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Legend: EL - Ease Layer. FL - Face Layer, Cav. - Cavlly, WStd. -Wood Stud, Av . Average, Exp. - Exposed Slde, UnExp. - Unexposed Slde 
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Table 7.2.2. Average Temperatures Measured in Assembly S-36, Wood Stud, 2x2 Gypsum Layers, No Resilient Channels 

Legend: BL - Base Layer, FL - Face Layer, Cav. - Cavlly, WSld. Wood Stud. Av - Average, Exp. - Exposed Side. UnExp. - Unexposed Side 
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Table 7.2.3. Average Temperatures Measured in Assembly S-36, Wood Stud, 2x2 Gypsum Layers, No Resilient Channels 

Legend: BL - Bass Layer, FL - Face Layer, Cav. - Cavity, WSld. - Wood Stud, Av - Average. Exp. -Exposed Side, UnExp. - Unexposed Side 
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Table 8.1.1. Temperatures Measured in Assembly S-37, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on Exposed Side 



Table 8.1.2. Temperatures Measured in Assembly S-37, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on Exposed Side 



Table 8.1.3. Temperatures Measured in Assembly S-37, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on Exposed Side 



Table 8.1.4. Temperatures Measured in Assembly S-37, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on Exposed Side 



Table 8.1.5. Temperatures Measured in Assembly S-37, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on Exposed Side 



Table 8.1.6. Temperatures Measured in Assembly S-37, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on Exposed Side 



Table 8.2.1. Average Temperatures Measured in Assembly S-37, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on Exposed Side 

Legend: BL - Base Layer, FL - Face Layer, Cav. - Cavity, WStd. - Wood Stud, Av - Average, Exp. - Exposed Slde. UnExp. - Unexposed Slde 
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Table 8.2.2. Average Temperatures Measured in Assembly S-37, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on Exposed Side 

Legend: EL - Baae Layer, FL - Face Layer, Cav. -Cavity. WSld. - W w d  Stud, Av - Average. Exp. - Exposed Side, UnExp. - Unexposed Slde 
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Table 8.2.3. Average Temperatures Measured in Assembly S-37, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on Exposed Side 

Legend: BL - Base Layer, FL - Face Layer, Cav. - CavlIy. WStd. - Wood Stud, Av - Average, Exp. - Exposed Slde, UnExp. - Unexposed Slde 
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Table 9.1.1. Temperatures Measured in Assembly S-38, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on ExposedIUnExposed Sides 



Table 9.1.2. Temperatures Measured in Assembly S-38, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on ExposedNnExposed Sides 



Table 9.1.3. Temperatures Measured in Assembly S-38, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on Exposed/UnExposed Sides 



Table 9.1.4. Temperatures Measured in Assembly $38, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on Exposed/UnExposed Sides 



Table 9.1.5. Temperatures Measured in Assembly S-38, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on ExposedlLTnExposed Sides 



Table 9.1.6. Temperatures Measured in Assembly S-38, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on ExposedlIJnExposed Sides 



Table 9.2.1. Average Temperatures Measured in Assembly S-38, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on ExposedRJnExposed 
Sides 

Legend: EL - Base Layer, FL - Face Layer, Cav. -Cavity. WStd. - Wood Stud, Av - Average, Exp. - Exposed Side, UnExp. - Unexposed Side 
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Table 9.2.2. Average Temperatures Measured in Assembly S-38, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on Exposed/UnExposed 
Sides 
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Table 9.2.3. Average Temperatures Measured in Assembly S-38, Wood Stud, 2x2 Gypsum Layers, Resilient Channels on Exposed/UnExposed 
Sides 

Legend: BL - Base Layer. FL - Face Layer, Cav. - CavlIy, WSId. - Wood Stud. Av - Average, Exp. - Exposed Side, UnExp. - Unexposed Side 
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