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TEMPERATURE MEASUREMENTS IN FULLSCALE FIRE RESISTANCE 
TESTS ON NON-INSULATED REGULAR GYPSUM BOARD WALL 
ASSEMBLIES 

ABSTRACT 

This report presents the temperature measurements from (7) full-scale fire 
resistance tests conducted at the National Fire Laboratory on non-insulated, loaded and 
non-loaded, regular gypsum board wall protected assemblies. Assemblies were 1x1 (one 
layer of gypsum board on both the exposed and unexposed sides) using wood studs and 
2x2 (two layers of board on both the exposed and unexposed sides) using lightweight steel 
and wood studs. Three regular gypsum boards with different masses per unit area were 
evaluated: 7.82 kg/m2 with no glass fibre in the gypsum core, 7.35 kg/m2 with glass fibre 
in the gypsum core and 7.27 kg/m2 with no glass fibre in the gypsum core. Tests were 
conducted to determine the fire resistance rating of the assemblies. The temperatures 
measured on the gypsum board surfaces and on the studs are presented. 



TEMPERATURE MEASUREMENTS IN FULL-SCALE FIRE RESISTANCE 
TESTS ON NON-INSULATED REGULAR GYPSUM BOARD WALL 
ASSEMBLIES 

1.0 INTRODUCTION 

Changes included in the 1990 edition of the National Building Code of Canada 
(NBCC) [l] increased the sound transmission classification between dwelling units from 
STC 45 to STC 50. As well, changes incluced in the 1991 CANICSA-A82.27-M91 
Standard [2]"Gypsum Board-Building Materials and Products" removed minimum density 
requiremenis forgypsum board. Eithcr or both of thesc changes may have an impact on 
the firc resistance of both wall and floor asscmblics rcfcrcnccd in Pans 3 and 9 of thc 
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 involving the Institute for 
Research in Construction (IRC), the Nationd Research Council Canada (NRCC) and 
8 industry partners was conducted. The primary objective of the project was to determine 
the impact of the changes to the Code and Standard on the fire resistance ratings of 
insulated and non-insulated gypsum board wall assemblies. To evaluate these possible 
effects, a number of full-scale (22) and small-scale fire resistance tests (49) were 
conducted. 

This report presents the results of 7 full-scale fire resistance tests conducted at'the 
National Fire Laboratory, IRC, NRCC, as part of the Joint Research Project. These tests 
investigated the effects of glass fibre in the gypsum core (loadbearing), gypsum board 
mass per unit area (non-loadbearing) and stud types (non-loadbearing) on the fire 
resistance pe~formance of regular lightweight gypsum board wall assemblies . This report 
presents the results for each full-scale test including the temperatures measured on the 
gypsum board surfaces and on the studs as well as deflection results for loaded assemblies. 

2.0 DESCRIPTION OF TEST ASSEMBLIES 

The full-scale test assembly furnace is shown in Figure 1. 

2.1 Dimensions 

Seven full-scale assemblies were constructed, 3048 mm high by 3658 mm wide 
with various depths depending on the number of layers of gypsum hoard. The specific 
dimensions of each assembly are given in Figures 2 to 8. 

2.2 Materials 

Materials used in the assemblies were as shown in the following sections: 

2.2.1 Gwsum Board 

Regular gypsum board conforming to the requirements of CANICSA-A82.27-M91 
[I] was used. Three 12.7 mm thick regular gypsum boards yith different masses per unit 
area were investigated: 7.82 kg/m2 (approximate9 1.6 lb/ft )with no glass fibre in the 
gypsum core, 7.35 kg/m2 (approxiyately 1.5 lb/ft )with glass fibre in the gypsum core and 
7.27 kg/m2 (approximately 1.5 lbift )with no glass fibre in the gypsum core. 



2.2.3 Framing. Materials 

The steel studs used were light C sections 90 mm wide by 30 mm deep by 0.6 mm 
thick, manufactured in accordance with CANICGSB-7.1-M86 [2]. The wood studs used 
were nominal 2x4's (38 mm thick by 89 mm deep) and conformed to CSA 0141-1970 [3]. 

2.3 Fabrication 

The full-scale assemblies were constructed in accordance with CANJCSA-A82.3 1- 
M91 [4]. Three tests were non-loadbearing and four tests were loadbearing. Details on 
these assemblies are presented in Table 1. 

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), spaced at 600 mm O.C. only in assembly F-04 and at 400 mm 
O.C. in all other wood stud assemblies. 

In single layer assemblies (1x1) with wood studs spaced at 400 mm O.C., one layer 
of 12.7 mm thick regular gypsum board was attached vertically to the wood studs with 
Type S drywall screws, 41 mm long, and spaced at 400 mm O.C. along the edges and in 
the field of the board. Screw locations and gypsum board joints are shown in Figures 14 
and 15 [4]. The screw heads on both the exposed and unexposed faces were covered with 
joint compound. Gypsum board joints were finished with fibre tape and covered with joint 
compound. 

In double layered assemblies (2x2) with wood studs spaced at 400 mm O.C., two 
layers of 12.7 mm thick regular gypsum board were applied vertically: base and face 
layers. The base layer was attached to wood studs with Type S drywall screws, 41 mm 
long, spaced at 600 rnm O.C. in the field of the board and along the edges. The face layer 
was attached to both the base layer and the studs with Type S drywall screws, 51 mm 
long, spaced at 400 mm O.C. along the edges and in the field of the board. Screw 
locations and gypsum board joints are shown in Figures 16 to 19. Screw heads on both 
the exposed and unexposed faces were covered with joint compound. Gypsum boar4 
joints were finished with fibre tape and joint compound. 

In double layered assemblies (2x2) with wood studs spaced at 600 mm O.C., two 
layers of 12.7 mm thick regular gypsum board were applied vertically: base and face 
layers. The base layer was attached to wood studs with Type S drywall screws, 41 mm 
long, spaced at 600 mm O.C. in the field of the board and along the edges. The face layer 
was attached to both the base layer and the studs with Type S drywall screws, 5 1 mm 
long, spaced at 300 mm O.C. along the edges and in the field of the board. Screw 
locations and gypsum board joints are shown in Figures 20 to 23 [4]. Screw heads on 
both the exposed and unexposed faces were covered with joint compound. Gypsum board 
joints were finished with fibre tape and joint compound. 

2.3.2 Steel Stud Assemblies 

The steel studs used were light C sections 90 mm by 30 mm by 0.46 mrn and were 
spaced at 600 mm O.C. 

In double layered assemblies (2x2) with steel studs spaced at 600 mm O.C., two 
layers of 12.7 mm thick regular gypsum board were applied vertically: base and face 
layers. The base layer was attached to the steel studs with Type S drywall screws, 25 mm 



long, and spaced at 300 mm O.C. along the edges and at 600 mm O.C. in the field of the 
board. The face layer was attached to both the base layer and the studs with Type S 
drywall screws, 41 mm long, spaced at 300 mm O.C. along the edges and in the field of 
the board. Screw heads on both the exposed and unexposed faces were covered with joint 
compound. Gypsum board joints were finished with fibre tape and joint compound. 
Gypsum board joints and screw locations are shown in Figures 19 to 22. 

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 the cavities, the thermocouples were attached to 6 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 gypsum board. Thermocouple locations for each assembly 
are shown in Figures 2 to 8. 

The unexposed surface temperatures were measured by nine Type K-20 gauge 
thermocouples as shown in Figure 23, installed under insulated pads in compliance with 
the requirements in CAN4-S 101-M89 [5]. 

The deflection at the unexposed surface was measured at different locations as 
shown in Figures 24 to 27 using the electro-mechanical method described in 
Reference [6]. 

2.5 Loadbearing 

The loading device used in this study is illustrated in Figure 1. Details on this 
device are presented in Reference [7]. This loading system uses two steel frames, located 
at the top and bottom of the assembly. There are 8 hydraulic jacks fitted at the top of the 
assembly to simulate a vertical structural load to the assembly. The loads used in this 
study are given in Table 1. These loads were calculated by the Canadian Wood Council in 
consultation with other partners. The loads used in Tests F-01 and F-02 were selected by 
the NRC. 

3.0 TEST APPARATUS 

The tests were canied out by exposing the assemblies to heat in a propane-fired, 
vertical furnace as shown in Figure 1. The furnace was lined with fire brick covered with 
a 25.4 mm ceramic fibre blanket. The assemblies were sealed at the edges against the 
furnace with ccramie fibre blanket. The furnace temperature was mcasircd by nine 
(20 gauge) shielded thennocouolcs in accordance with CANNLC-SIOl-M89 151. Thc , - - .  
average of the nine thermocoul;le temperatures was used to control the furnace - 
temperature. 

4.0 TEST CONDITIONS AND PROCEDURES 

4.1 Fire Exposure 

The ambient temperature at the start of each test was approximately 22OC. 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 as closely as possible the CANAJLC- 
S 10 1 -M89 [5]  standard temperature-time curve. 



4.2 Failure Criteria 

The failure criteria for the hll-scale tests were from CANKJLC-S101-M89 151. 
An assembly was considered to have failed if a single point thermocouple temperature 
reading on the unexposed face rose above 180°C above the ambient temperature or the 
average temperature of the 9 thermocouple readings under the insulated pads on the 
unexposed face rose 140°C above the ambient temperature or there was passage of flame 
or gases hot enough to ignite cotton waste. 

4.3 Recording of Results 

The furnace and wall assembly temperatures were recorded at 1 minute intervals. 

5.0 RESULTS AND DISCUSSION 

The results of the 7 full-scale fire tests are summarized in Table 1 in which the 
single point and average failure times are given for each assembly. 

Tabular data for each test are presented in the following: 

The average temperatures measured on gypsum board surfaces and on the studs 
are plotted in Figures 28 to 34. Detailed temperatures for all nine thermocouples under 
the insulation pads on the unexposed sulface are also plotted in the Figures. 

The deflections measured at the unexposed surface are plotted in Figures 35 and 
36. 

Test 

5.1 Effects of Glass Fibre in the Gypsum Core of Loadbearing Regular 
Lightweight Gypsum Board Wall Assemblies 

Average Surface 
Temperature 

Tables 

Single Location 
Temperature 

Tables 

Two gypsum board assemblies amgements were studied: (1x1) one layer of 
gypsum board on each of the exposed and unexposed sides and (2x2) two layers of 
gypsum board on each of the exposed and unexposed sides. 

Deflection 
Measurement 

Tables 

Single Gvpsum Board Laver (1x1) Assemblies (Figure 37) 

Tests F-01 and F-OlB were carried out to investigate the effect of the presence of 
glass fibre in the gypsum core on the fire resistance rating of 1x1 gypsum board assemblies 
using a lightweight regular gypsum board (7.35 kg/m2). The structural failure and flame 
pcnetration criteria were reached at 33 min for Test F-01 (with glass fibre in the gypsum 



core) and at 26 min for Test F-OlB (without glass fibre in the gypsum core). These results 
showed that, Assembly F-01 provided a 27% increase in fire resistance compare to 
Assembly F-O1B. Therefore, the presence of glass fibre in regular lightweight gypsum 
board core did have an effect on the fire resistance performance of (1x1) regular gypsum 
board wall assemblies. 

Double Gv~sum Laver (2x2) Assemblies (Fi~ure 38) 

Tests F-02 and F-02B were conducted to investigate the effect of the presence of 
glass fibre in the gypsum board core on the fire resistance ratings of (2x2) gypsum board 
wall assemblies using a lightweight regular gypsum board (7.35 kgh?). The structural 
failure and flame penetration criteria were reached at 53 min for Test F-02 (with glass 
fibre in the gypsum core) and at 49 min for Test F-02B (without glass fibre in the gypsum 
core). These results showed that, Assembly F-02 provided a slight increase (8%) in fire 
resistance performance compared to Assembly F-02B. Therefore, the presence of glass 
fibre in regular lightweight gypsum board did not play a significant role in the fire 
resistance rating of double layer (2x2) assemblies. 

5.2 Effects of Different Masses per Unit Area of Regular Gypsum Board 
Assemblies (Figure 39) 

Test F-03 (lightweight regular gypsum board with glass fibre in the gypsum core, 
7.35 kg/m2) and Test F-05 (heavy regular gypsum with no glass fibre in the gypsum core, 
7.82 kg/m2) were conducted to investigate whether the reduction in the mass per unit area 
of gypsum board has an effect on the fire resistance ratings of 2x2 assemblies. The 
temperature failure criterion was reached at 63 min for Test F-03 and at 69 min for 
Test F-05. These results showed that, in double layer assemblies (2x2), using heavier 
gypsum board provided a 10% increase in fire resistance performance compared to using 
lightweight regular gypsum board. 

5.3 Effects of Different Stud Types in Non-Loadbeariug Regular Lightweight 
Gypsum Board Wall Assemblies (Figure 40) 

Test F-03 and Test F-04 were conducted to investigate the effect of stud type 
(wood and steel) on the fire resistance ratings of double layer (2x2) gypsum board wall 
assemblies using a lightweight regular (7.35 kg@) gypsum board with glass fibre in the 
gypsum wallboard core. The temperature failure criterion was reached at 63 rnin for 
Test F-03 (steel studs) and at 65 min for Test F-04 (wood studs). The difference in the 
fire resistance rating is considered within the error for the test procedure. These results 
showed that, in double layer lightweight regular gypsum board assemblies, non- 
loadbearing, the type of stud was insignificant. 

6.0 CONCLUSIONS 

1. The presence of glass fibre in regular lightweight gypsum board affects the fire 
resistance performance of (1x1) lightweight regular gypsum board loaded wall 
assemblies but does not substantially affect the fire resistance rating of (2x2) 
lightweight regular gypsum board non-loaded wall assemblies. 

2. In (2x2) regular gypsum board non-loaded wall assemblies, heavy weight gypsum 
board provided a better fire resistance rating than lightweight gypsum board. 

3. In (2x2) regular gypsum board non-loaded wall assemblies, the type of stud was 
insignificant. 
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Table 2. Temperatures Measured in Full Scale Assembly F-01, Wood Stud, 1x1 Gypsum Layers, No Insulation, Loaded Assembly (Cont.) 



Table 2. Temperatures Measured in Full Scale Assembly F-01, Wood Stud, 1x1 Gypsum Layers, No Insulation, Loaded Assembly (Cont.) 



Table 2. Temperatures Measured in Full Scale Assembly F-01, Wood Stud, 1x1 Gypsum Layers, No Insulation, Loaded Assembly 



Table 1. Full-Scale Assembly Parameters and Fire Test Results 

RH - Low denslty regular gypsum board. no glass flbre In gypsum core (7.80 kg/rn2) 
RL - Low density regular gypsum board, wlth glass flbre In the gypsum core (7.35 kg/m2) 
RL' - Low denslty regular gypsum board no glass flbre In the gypsum core (7.27 kg/m2) 
"' - Null value 



Table 2. Temperatures Measured in Full Scale Assembly F-01, Wood Stud, 1x1 Gypsum Layers, No Insulation, Loaded Assembly (Cont.) 



Table 3. Average Temperatures Measured in Full Scale Assembly F-01, Wood Stud, 1x1 Gypsum Layers, No Insulation, Loaded Assembly 

Legend: BL - Base Laver. FL - Face Laver. Cav. - Cavity. SStd. - Steel Stud, WStd. - Wood Stud, Av - Average. Exp. - Exposed Side, UnExp. - Unexposed Side 
lln l(Fav) BL~SIO.(EX~.) BUav. (ESP.) HIO WSIL BLIWSta. (UnErp ) nucar. (UnElp.) UnExe 
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48,47,W,SI,S2) W.S7.P.S9.60.61) 48.49.SY.w.55) 
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Tablc 4. Tcmpcraturcs Mcasurcd in Full Scalc Assembly F-OlB, Wood Stud, 1x1 Oypsu~li Layers, No Insulaliun, Loaded Assembly 



Table 4. Temperatures Measured in Full Scale Assembly F-OlB, Wood Stud, 1x1 Gypsum Layers, No Insulation, Loaded Assembly (Cont.) 





Table 5. Average Temperatures Measured in Full Scale Assembly F-OIB, Wood Stud, 1x1 Gypsum Layers, No Insulation, Loaded Assembly 

Leaend: BL - Base Lavu. FL - Face Layer, Cav. - Cavltv. SStd. -Sled Stud. WStd. -Wood Stud. Av - Average. Em.. Exposed Slde. UnExp. - Unexposed Slde 
~ l m  T ( F ~ J  h w s t d  IExp.1 euuv. ( ~ x p )  H a WSM srmsta .  p ~ n ~ x p . 1  BUUV. IUnExpJ Unmp. 
IM~I  VCI Av(24.15 14 Av(36,37.38. A~(lV,l7,ILlO, Av(30,31.31.93,34.35) r v ( s . u . u . ~ s . l s . o ]  A~IL,~.4,SA.7.8.O1 
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Table 6. Temperatures Measured in Full Scale Assembly F-02, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly 



Table 6. Temperatures Measured in Full Scale Assembly F-02, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont) 



Table 6. Temperatures Measured in Full Scale Assembly F-02, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont) 



Table 6. Temperatures Measured in Full Scale Assembly F-02, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont) 



Table 6. Temperatures Measured in Full Scale Assembly F-02, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont.) 



Table 6. Temperatures Measured in Full Scale Assembly F-02, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cant.) 



Table 6. Temperatures Measured in Full Scale Assembly F-02, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cant.) 



Table 6. Temperatures Measured in Full Scale Assembly F02, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont.) 



Table 7. Average Temperatures Measured in Full Scale Assembly F-02, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly 

Legend: BL - Base Laver. FL - Face Laver. Cav. - Cavltv. SStd. - Steel Stud. WSld. - Wood Stud. Av - Averape, Exp. - Exposed Stde. UnExp. - Unexposed Slde 
Tlnv 1 ( fn )  B W L i k V l  IIVWSId IEXD) E&r. (Exp) Mld. W a d  lIVCa. (UnEip.) EWsld.(unExp.) B W L  (UnETpj UnElp. 
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Table 7. Average Temperatures Measured in Full Scale Assembly F-02, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly 
(Cont.) 



Table 8. Temperatures Measured in Full Scale Assembly F-02B, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly 



Table 8. Temperatures Measured in Full Scale Assembly F-02B, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont.) 



Table 8. Temperatures Measured in Full Scale Assembly F-02B, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont.) 

-- - 



Table 8. Temperatures Measured in Full Scale Assembly F-02B, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont.) 



Table 8. Temperatures Measured in Full Scale Assembly F-02B, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont.) 



Table 8. Temperatures Measured in Full Scale Assembly F02B, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont.) 



Table 8. Temperatures Measured in Full Scale Assembly F-02B. Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont.) 



Table 8. Temperatures Measured in Full Scale Assembly F-02B, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont.) 



Table 9. Average Temperatures Measured in Full Scale Assembly F-02B, Wood Stud, 2x2 Gypsum Layers, No Insulation, 
Loaded Assemblv 

Leqend: EL. Base Laver, FL - Faca Layer. Cav. - Cavltv. SStd. -Steel Shld. WSU. - Wood Stud, Av - Averaae, EXD. - Exoosed Side. UnExo. -Unexposed Side 
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Table 9. Average Temperatures Measured in Full Scale Assembly F-02B, Wood Stud, 2x2 Gypsum Layers, No Insulation, 
Loaded Assembly (Cont.) 





Table 9. Average Temperatures Measured in Full Scale Assembly F-02B, Wood Stud, 2x2 Gypsum Layers, No Insulation, 
Loaded Assemblv (Cant.) 



Table 10. Temperatures Measured in Full Scale Assembly F-03, Steel Stud, 2x2 Gypsum Layers, No Insulation 



Table 10. Temperatures Measured in Full Scale Assembly F-03, Steel Stud, 2x2 Gypsum Layers, No Insulation (Cont.) 



Table 10. Temperatures Measured in Full Scale Assembly F03, Steel Stud, 2x2 Gypsum Layers, No Insulation (Cont.) 



Table 10. Temperatures Measured in Full Scale Assembly F-03, Steel Stud, 2x2 Gypsum Layers, No Insulation (Cont.) 



Table 10. Temperatures Measured in Full Scale Assembly F-03, Steel Stud, 2x2 Gypsr~m T.ayers, No Insulatign (Cont.) 



Table 10. Temperatures Measured in Full Scale Assembly F-03, Steel Stud, 2x2 Gypsum Layers, No Insulation (Cont.) 



Table 10. Temperatures Measured in Full Scale Assembly P03, Steel Stud, 2x2 Gypsum Layers, No Insulation (Cont.) 



Table 10. Temperatures Measured in Full Scale Assembly F03, Steel Stud, 2x2 Gypsum Layers, No Insulation (Cont.) 





Table 11. Average Temperatures Measured in Full Scale Assembly F-03, Steel Stud, 2x2 Gypsum Layers, No Insulation (Cont.) 



Table 12. Temperatures Measured in Full Scale Assembly F-04, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly 



Table 12. Temperatures Measured in Full Scale Assembly F-04, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont) 



Table 12. Temperatures Measured in Full Scale Assembly F-04, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont) 



Table 12. Temperatures Measured in Full Scale Assembly F-04, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont.) 



Table 12. Temperatures Measured in Full Scale Assembly F-04, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont) 



Table 12. Temperatures Measured in Full Scale Assembly F-04, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont.) 



Table 12. Temperatures Measured in Full Scale Assembly F-04, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont.) 



Table 12. Temperatures Measured in Full Scale Assembly F-04, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly (Cont.) 



Table 13. Average Temperatures Measured in Full Scale Assembly F-04, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly 

Lwend: BL - Base Laver. FL - Face Laver. CaV. -Cavity. SSld. - Sted Stud. WSM. - Wood Stud. Av -Avuaae. EXD. - Exwsed Slde. UnExp. - Unexrrosed Slde 
nm 
1mb1 I BLFL (ep. )  
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8,ld.O) 



Table 13. Average Temperatures Measured in Full Scale Assembly F-04, Wood Stud, 2x2 Gypsum Layers, No Insulation, Loaded Assembly 

Leaend: BL - Base Laver. FL -Face Laver, Cav. - Cavltv, SStd. - Steel Shld. WSM. -Wood Stud. Av - Averaae. Exp. -Exposed Slde, UnExc.. . Unexposed Slde 
llma 

1mln1 
T(Fw) 
('c) 

86.57.44.45.44) 

EL~FL l a p . )  
AV(lO,l?,l428,2#, 
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Table 14. Temperatures Measured in Full Scale Assembly F-05, Steel Stud, 2x2 Gypsum Layers, No Insulation (Cont.) 



Table 14. Temperatures Measured in Full Scale Assembly F-05, Steel Stud, 2x2 Gypsum Layers, No Insulation (Cont) 



Table 14. Temperatures Measured in Full Scale Assembly F-05, Steel Stud, 2x2 Gypsum Layers, No Insulation 



Table 14. Temperatures Measured in Full Scale Assembly F-05, Steel Stud, 2x2 Gypsum Layers, No Insulation (Cont.) 



Table 14. Temperatures Measured in Full Scale Assembly F-05, Steel Stud, 2x2 Gypsum Layers, No Insulation (Cont.) 



Table 14. Temperatures Measured in Full Scale Assembly F05, Steel Stud, 2x2 Gypsum Layers, No Insulation (Cont.) 



Table 15. Average Temperatures Measured in Full Scale Assembly F-05, Steel Stud, 2x2 Gypsum Layers, No Insulation 

Lwend: EL - Base Layer. FL - Face Laver, Cav. - Cavltv. SStd. - S t d  Shld. WSU. - Wood Stud. Av - Avuwe. Exa - Exmad Slde. UnExD. - Unexwsed Slde 
Tlrm 1IF.v) 8 W L  ( P p )  EUSSld  (Elp.) BLEW. (ExP.) Mld. 881d BVCav. (UnExp.) swsla (UnExp) BWL(UnUp. )  u n ~ r p .  
lmlnl I'C) Av(76,17,24,26, AV.V(~O,I~..W a7) AV(7419.46.47) AYIL2D.M.JD) AV12011 48.491 Av(3081.(0, Ar(l?,?bW;(a, A~ll ,* ,%4.h 
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Table 15. Average Temperatures Measured in Full Scale Assembly F-05, Steel Stud, 2x2 Gypsum Layers, No Insulation (Cont) 



Table 16. Centre Deflections Measured in Full-Scale Assembly F-01, Loaded Assembly 

Table 17. Deflection Measurements in Full Scale Test F-OlB, Loaded Assembly 

Table 18. Centre Deflections Measured in Full-Scale Assembly F-02, Loaded Assembly 



Table 19. Deflection Measurements in Full Scale Test F-02B, Loaded Assembly 

hird Stud From Left Un ed Face. Centre Deflection 

Sixth Stud From Lefi U 



Table 20. Centre Deflections Measured in Full-Scale Assembly F-03, Unloaded Assembly 

Table 21. Centre Deflections Measured in Full-Scale Assembly F-04, Unloaded Assembly 

Table 22. Centre Deflections Measured in Full-Scale Assembly F-05, Unloaded Assembly 
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(a) Section (b) Front Elevation With Test Assembly Removed 

Figure 1. Full-Scale Test Assembly Furnace 
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Figure 2. Thermocouple Locations in Full-Scale Test F-01 
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Figure 3. Therm6couple Locations in Full-Scale Test F-02 
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Figure 4. Thermocouple Locations in Full-Scale Test F-03 
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Figure 5. Thermocouple Locations in Full-Scale Test F-04 
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Figure 6. Thermocouple Locations in Full-Scale Test F-05 
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Figure 7. Thermocouple Locations in Full-Scale Test F-01 B 
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Figure 8. Thermocouple Locations in Full-Scale Test F-02B 
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Figure 9. Screw Locations For Wood Stud, 1x1 Gypsum Board Layers, 
Full-Scale Assembly, Base Layer Gypsum Board, 
Fire Exposed Face 
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Figure 10. Screw Locations For Wood Stud, 1x1 Gypsum Board Layers, 
Full-Scale Assembly, Base Layer Gypsum Board, 
Unexposed Face 
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Figure 11. Screw Locations For Wood Stud, 2x2 Gypsum Board Layers, 
Full-Scale Assembly, Base Layer Gypsum Board, 
Fire Exposed Face 
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Figure 12. Screw Locations For Wood Stud, 2x2 Gypsum Board Layers, 
Full-Scale Assembly, Face Layer Gypsum Board, 
Fire Exposed Face 
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Figure 13. Screw Locations For Wood Stud, 2x2 Gypsum Board Layers, 
Full-Scale Assembly, Base Layer Gypsum Board, 
Unexposed Face 
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Figure 14. Screw Locations For Wood Stud, 2x2 Gypsum Board Layers, 
Full-Scale Assembly, Face Layer Gypsum Board, 
Unexposed Face 
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Figure 15. Screw Locations For Wood Stud (600 mm O.C.), 2x2 Gypsum 
Board Layers, Full-Scale Assembly, Base Layer Gypsum Board, 
Fire Exposed Face 
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Figure 16. Screw Locations For Wood Stud (600 mm O.C.), 2x2 Gypsum 
Board Layers, Full-Scale Assembly, Face Layer Gypsum Board, 
Fire Exposed Face 
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Figure 17. Screw Locations For Wood Stud (600 mm O.C.), 2x2 Gypsum 
Board Layers, Full-Scale Assembly, Base Layer Gypsum Board, 
Unexposed Face 
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Figure 18. Screw Locations For Wood Stud (600 rnm O.C.), 2x2 Gypsum 
Board Layers, Full-Scale Assembly, Face Layer Gypsum Board, 
Unexposed Face 
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Figure 19. Screw Locations For Wood Stud (600 mm O.C.), 2x2 Gypsum 
Board Layers, Full-Scale Assembly, Base Layer Gypsum Board, 
Unexposed Face 
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Figure 20. Screw Locations For Wood Stud (600 mm O.C.), 2x2 Gypsum 
Board Layers, Full-Scale Assembly, Face Layer Gypsum Board, 
Unexposed Face 
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Figure 21. Screw Locations For Steel Stud, 2x2 Gypsum Board Layers, 
Full-Scale Assembly, Base Layer Gypsum Board, 
Fire Exposed Face 
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Figure 22. Screw Locations For Steel Stud, 2x2 Gypsum Board Layers, 
Full-Scale Assembly, Face Layer Gypsum Board, 
Fire Exposed Face 
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Full-Scale Tests 



Fire Exposed Side 

Unexposed Side 

/-- Gypsum Board Joint 

Omwing Not To Scole 

@ Attatchment Point For Measurement of Deflection During Test 

Figure 24. Deflection Attatchment Points For Full-Scale Tests (F-01, F-02) 
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Figure 25. Deflection Attatchment Points For Full-Scale Tests (F-03, F-05) 
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Figure 26. Deflection Attatchment Points For Full-Scale Tests (F-OlB) 
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Figure 27. Deflection Attatchment Points For Full-Scale Tests (F-02B) 
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Figure 28. Temperature Distributions For Full Scale Test Assembly F-01 
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Figure 29. Temperature Distributions For Full Scale Test Assembly F-01 B 
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Figure 30. Temperature Distributions For Full Scale Test Assembly F-02 
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Figure 31. Temperature Distributions For Full Scale Test Assembly F-02B 
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Figure 32. Temperature Distributions For Full Scale Test Assembly F-03 
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Figure 33. Temperature Distributions For Full Scale Test Assembly F-04 
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Figure 34. Temperature Distributions For Full Scale Test Assembly F-05 



(a) Deflection Measurements For Loaded Full-Scale Assemblies F-01, F-02 
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(b) Deflection Measurements For Unloaded Full-Scale Assemblies F-03. F-04. F-05 

Time (min.) 

A 

E 0 0 - 
K 
0 .- - 
0 
w 
e 
w -5 n 

. ~ n  

L 

_____...---.___ _..- .- 
---.-=..---------.--== -;-;;- - 

- - 
- Assembly F-03, Mid Stud Deflection, Stud 4 - Assembly F-04, Mid Stud Deflection, Stud 6 - . - - - - - Assembly F-05, Mid Stud Deflection, Stud 4 

I I I 

Time (min.) 

(c) Deflection Measurements For Loaded Full-Scale Assembly F-01 B 
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Figure 35. Measured Deflections For Full-Scale Assemblies 
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Deflection Measurements For Loaded Full-Scale Assembly F-02B 
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Figure 36. Measured Deflections For Full-Scale Assembly F-02B 



(Ixl,12.7 mm, Type RL Gypsum Board) 

RL - Regular Lightweight Gypym Board with Glass Fibre in 
Gypsum Core (7.35 kglm ) 

R< - Regular Lightweight Gypym Board with no Glass Fibre in 
Gypsum Core (7.27 kglm ) 

Figure 37. Effect of Glass Fibre in Lightweight Regular Gypsum 
Core on the Fire Resistance Ratings of Loadbearing 
(1x1) Assemblies 



(2x2,12.7 mm, Type RL Gypsum Board) 

53 min 49 min 

RL - Regular Lightweight Gypsum Boa$ with Glass 
Fibre in Gypsum Core (7.35 kg/m ) 

RC - Regular Lightweight Gypsum Boqd with no Glass 
Fibre in Gypsum Core (7.27 kglm ) 

Figure 38. Effect of Glass Fibre in Lightweight Regular Gypsum 
Core on the Fire Resistance Rating of (2x2) Assemblies 



(2x2,12.7 mm, Type RL and RH Gypsum Board) 

63 min 69 min 

RL - Regular Lightweight Gypym Board with Glass Fibre in 
Gypsum Core (7.35 kglm ) 

RH - Regular Gypsu~Board with no Glass Fibre in Gypsum 
Core (7.80 kglm ) 

Figure 39. Effects of Different Mass Per Unit Area of (2x2) Regular 
Gypsum Board Wall Assemblies 



(2x2,12.7 mm, Type RLGypsum Board) 

63 min 65 min 

RL - Regular Lightweight Gypsum Board (7.35 kg/m2) 

Figure 40. Effect of Stud Types (Wood and Steel) on the Fire 
Resistance Rating of Non-Load bearing (2x2) 
Lightweight Regular Gypsum Board Wall Assemblies 


