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TEMPERATURE MEASUREMENTS IN FULL-SCALE INSULATED AND
NON-INSULATED (1x2) GYPSUM BOARD PROTECTED WALL ASSEMBLIES
WITH STEEL STUDS

ABSTRACT

This report presents the ternperature measurements from 5 full-scale fire resistance
tests conducted at the National Fire Laboratory on insulated and non-insulated full-scale
gypsum board protected wall assemblies. Asymmetrical gypsum board installations 1x2
(one layer of 12.7 mm thick gypsum board on the exposed side and two layers of gypsum
board on the unexposed side) on light steel studs were evaluated. The insulations used
were glass, mineral and cellulose (wet sprayed) fibres. Tests were conducted to determine
the effects of the insulation type in the wall cavity and the insulation tightness between the
studs on the fire resistance rating of gypsum board wall assemblies. The temperatures
measured on the gypsum board surface and on the studs are presented.




TEMPERATURE MEASUREMENTS IN FULL-SCALE INSULATED AND
NON-INSULATED (1x2) GYPSUM BOARD PROTECTED WALL ASSEMBLIES
WITH STEEL STUDS

1.0 INTRODUCTION

Changes included in the 1990 edition of the National Building Code of Canada
(NBCC) [1] increased the sound transmission classification between dwelling units from
STC 45 to STC 50. As well, changes included in the 1991 CAN/CSA-A82.27-M91
Standard [2] "Gypsum Board-Building Materials and Products" removed minimum density
requirements for gypsum board. Either or both of 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 involving the Institute for
Research in Construction (IRC), the National 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 5 full-scale fire tests conducted at the National
Fire Laboratory, IRC, NRCC, as part of the Joint Research Project. These tests were
conducted to determine the effect of different insulations in the wall cavity and the
insulation tightness between steel studs on the fire resistance performance of non-load-
bearing (1x2) gypsum board wall assemblies. The temperatures measured on the gypsum
board surfaces and on the studs are presented.

2.0 DESCRIPTION OF TEST ASSEMBLIES

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

Five full-scale assemblies were constructed, 3048 mm high by 3658 mm wide and
128.1 mm deep. The specific dimensions for Assemblies F-07, F-09, F-10 and F-11 are
given in Figures 2 to 5 respectively. Assembly F-10B had the same dimensions as
Assembly F-10.
2.2  Materials

Materials used in assemblies were as shown in the following sections.
221 Gypsum Board

Type X gypsum board conforming to the requirements of CAN/CSA-A82.27-M91
[2] was used. The gypsum board used in the assemblies was 12.7 mm thick.

2.2.2 Framing Materials

The steel studs used were light C sections 90 mm wide by 30 mm deep by
0.46 mm thick, manufactured in accordance with CAN/CGSB-7.1-M86 [31.




2.2.3 Insulation

Three types of insulation were used: glass fibre-R12 (supplied by Fiberglas
Canada Inc., Willowdale, Ontario with a mass per unit area of 1.08 kg/m®), mineral fibre-
R13 (supplied by Roxul Inc., Milton, Ontario with a mass per unit area of 2.78 kg/m’) and
cellulose (wet sprayed) fibre (supplied by Thermo-Cell Insulation Ltd., Orleans, Ontario
with a mass per unit area 5.25 kg/m ). All insulations used conformed to CSA A101-M83

[4].
2.3 Fabrication

The full-scale assemblies were constructed in accordance with CAN/CSA-A82.31-
M91 [5]. Details on assemblies are presented in Table 1. AH assemblies were constructed
by the same contractor using the same construction practices.

2.3.1 Steel Stud Assemblies

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

in asymmetrical gypsum board (1x2) wall assemblies with studs spaced at 600 mm
0.C,, the exposed side had one gypsum board layer and the unexposed side had two
gypsum board layers: base and face layers. All gypsum board was applied vertically to
the studs. The base layer on the unexposed side was attached to steel studs with Type S
drywall screws, 25 mm long, spaced at 600 mm O.C. in the field of the gypsum board and
at 300 mm O.C. along the edges of the board. The face layer was attached to both the
base layer and steel studs with Type S drywall screws, 41 mm long, spaced at 300 mm
O.C. along the edges of the gypsum board and in the field of the board. The gypsum
board layer on the exposed side was attached to steel studs with Type S drywall screws,
25 mm long, spaced at 300 mm O.C. along the edges of the gypsum board and in the field
of the board. Screw locations and gypsum board joints are shown in Figures 6 to 8 [5].
Screw heads on both the exposed and unexposed faces were covered with joint
compound. Gypsum board joints were also taped and covered with joint compound.

2.3.2 Insulation

Mineral fibre batts were supplied in different sizes: one sample was 90 mm thick
by 615 mm wide and 1220 mm long and the other was 90 mm thick by 584 mm wide and
1220 mm long. Giass fibre batts were supplied in samples 90 mm thick by 615 mm wide
and 1220 mm long. The cellulose fibre insulation was sprayed wet on the single gypsum
board layer side after the installation of the thermocouples.

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 instalied midway
between the studs and at mid-depth of the studs at distances of 1/4 and 3/4 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 5.

The deflection at the unexposed surface was measured at the centre of the wall as
shown in Figure 9 using the electro-mechanical method described in Reference [6].



3.0 TEST APPARATUS

The tests were carried 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 mum thick ceramic fibre blanket. The assemblies were sealed at the edges against
the furnace with ceramic fibre insulation. The furnace temperature was measured by nine
{20 gauge) shielded thermocoupies in accordance with CAN/ULC-5101-M89 [7]. The
average of the nine thermocouple temperatures was used to control the furnace
temperature.

40 TEST CONDITIONS AND PROCEDURES

4.1  Fire Exposure

The ambient temperature at the start of each test was approximately 22°C. 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 CAN/ULC-
S101 [7] standard temperature-time curve.

4.2 Failure Criteria

The failure criteria for the tests were from CAN/ULC-S101-M89 [7]. An
assembly was constdered to have failed if a single point thermocouple temperature reading
on the unexposed face rose 180°C above the ambient temperature or the average
temperature of the 9 thermocouple readings under the insulated pads on the unexposed
face (see Figure 10) 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.
In Test F-10B, due to a power failure at 65 min, all computer-stored data up to that time
was lost.

5.0 RESULTS AND DISCUSSION

The results of the 5 full-scale fire resistance tests are summarized in Table 1 in
which the failure times are given for each assembly.

Tabular data for each test is presented in the following:

Single Location Average Surface Deflection
Temperature Temperature Measurement

Test Tables Tables Tables
F-07 2 3 *okk
F-09 4 5 12

F-10 6 7 13
F-10B 8 9 14

F-11 10 11 15




The average temperatures on gypsum board surfaces and on the studs are plotted
in Figures 11 to 15. Detailed temperatures for all nine thermocouples under the insulation
pads on the unexposed surface are also plotted in the Figures.

The deflections measured at the unexposed surface are plotted in Figure 16.

5.1 Effects of Different Insulations in (1x2) Non-load-bearing Assemblies
(Figure 17)

Glass Fibre Insulation — Tests F-09 (insulated) and F-07 (non-insulated) were carried out
to investigate the effect of the installation of glass fibre insulation (GFI} in a wall cavity on
the fire resistance ratings of (1x2) asymmetrical installation of gypsum board wall
assemblies. The temperature failure criterion was reached at 65 min for Test F-09 and at
65 min for Test F-07. These results suggest that, in (1x2) assemblies, the 90 mm thick
glass tibre insulation in the wall cavity did not affect the fire resistance rating.

Mineral Fibre Insulation — Tests F-10B (insulated) and F-07 (non-insulated) were
conducted to investigate the effect of installation of mineral fibre insulation (MFI) in a wall
cavity on the fire resistance ratings of asymmetrical (1x2) gypsum board wall assemblies.
The temperature failure criterion was reached at 100 min for Test F-10B and at 65 min for
Test F-07. These results suggest that, in asymmetrical (1x2) assemblies, the installation of
90 mm thick mineral fibre in the wall cavity provided a 54% increase in the fire resistance
rating compared to a non-insulated assembly.

Tests F-10 (MFI, 584 mm wide, installed loose) and F-10B (MFI, 615 mm wide,
installed tight) were conducted to determine whether the width of the insulation batts
between the studs has an effect on the fire resistance performance of (1x2) gypsum board
wall assemblies. The temperature failure criterion, as shown in Figure 18, was reached at
60 min for Test F-10 and at 100 min for Test F-10B. To maximize the benefit of the
insulation on the fire resistance rating in (1x2) assemblies, it is important to have insulation
tightly instalied between the studs.

Cellulose Fibre Insulation — Tests F-11 and F-07 were conducted to investigate the effect
of wet sprayed cellulose fibre insulation (CFI) in the wall cavity on the fire resistance
ratings of (1x2) asymmetrical installation gypsum board wall assemblies. The temperature
failure criterion was reached at 62 min for Test F-11 and at 65 min for Test F-07. In
{1x2) assemblies with 90 mm thick wet sprayed cellulose fibre insulation in the wall cavity,
the cellulose fibre insulation slightly decreased the fire resistance rating compared to a
non-insulated assembly.

6.0 CONCLUSIONS

1. In non-loaded 1x2 gypsum board wall assemblies, the glass fibre insulation did not
affect the fire resistance performance of the assemblies while the cellulose fibre
insulation slightly decreased the fire resistance by 5% and mineral fibre insulation
increased the fire resistance performance by 54% compared to non-insulated
assemblies.

2. To maximize the benefit of the insulation on the fire resistance performance, it is
important to have insulation tightly installed between the studs.
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Table 1. Full-Scale Assembly Parameters and Fire Test Results

3|8|8|8|8

1x2 12.7

KKK

S|818(38| :

CF* 62 | Temp.

X - Gypsum Board Type X

GH - Glass Fibre Insulation

MFI - Mineral Fibre Insulation 584 mm wide

MFI* - Mineral Fibre Insulation 615 mm wide

Crl* - Cellulosic Fibre Insulation 615 mm wide (sprayed)
- Nult Value
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Table 3. Average Temperatures Measured in Full Scale Assembly F-07, Steel Stud, 1x2 Gypsum Board Layers, No Insulation

_ Legend: BL - Bas - Exposed Side, UnEx

e Layer, FL - Face Layer, Cay, - Cavig., $Sid. - Stes! Stud, WStd, - Wood Stud, Av - Average, Ex| - Unexposged Side
R E: Py L g p

7126 622.1




Table 3. Average Temperatures Measured in Full Scale Assembly F-07, Steel Stud, 1x2 Gypsum Board Layers, No Insulation (Cont.)

L!ef,!‘-'_l._ Ea Lay: c

Cavity

_SStd. - St

| Stud, WStd. - Wood

d:BL-B

§tud, Av - Average, Exp. - Exposed Side, | Unexposed Sid
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Table 5. Average Temperatures Measured in Full Scale Assembly F-09, Steel Stud, 1x2 Gypsum Board Layers, No Insulation (Cont.)

Unexp‘osad Slde

LS Et

Logend: BL - Base Layer, FL - Face Layer, Cav. - Cayity, $Std. - Steel Stud, WStd. - Wood Stud, Av - Average, Exp. - Exposed Side, UREX
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Table 8. Temperatures Measured in Full Scale Assembly F-10B, Steel Stud, 1x2 Gypsum Board Layers, Mineral Fibre Insulation (Cont.)

Temperature at Thermocouple Number
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Table 8. Temperatures Measured in Full Scale Assembly F-10B, Stweel Stud, 1x2 Gypsum Board Layers, Mineral Fibre Insulation (Cont.)

s wen =T Y e war wan ) ae TS e asn wee ann =) e BT )
) ) ane o) e Y e aen e Y ) e BT e e P ) )
LILd -k LLL] e Ll Lis} aw 1] Laly adn e RI1] ALt -k ek 1Y L1 LI}
aw LI thd . LLL] e ary ARE LLLY i LLLY LLL) ke ELT) LL1) .k Lisl aewx
o) wen aee wan ) e e Y e v - Y ey e I e ) er
L1 ars Ll LT LIl L1 are LLL] ey LiL) ard LLE] ey bk Lil] LT LiL RIL]
LLL] LLL] LLLJ LIS LLL} ang Ll LLL] LTS LLL] ik LLL) LLL) LLL L1} LLT) LT L]

419.2 605.9 89t.2 159.0 2857 1223.8 1727 766.4 807.9 737.2 749.7 407.8 344.8 422.8 207.8 3028 4674 -

428.7 619.9 803.3 1554 281.3 820.9 776.0 768.8 B12.0 7304 7521 413.8 350.9 427.6 240.5 385.0 501.7 -

428.4 634.5 807.3 153.7 276.2 705.2 7794 7734 814.8 7417 754.6 4209 357.9 433.1 2017 3884 E06.8 -

745.9 549.6 865.9 161.8 2m.2 £68.1 783.1 777.8 B19.2 744.5 751.3 428.1 3664 439.5 3359 3626 513.0 -

7482 8650 804.1 151.8 2683.5 653.8 786.7 782.4 822.9 471 760.2 436.9 3763 446.8 407.7 594.1 520.3 e

750.7 680.0 800.8 153.0 287.4 646.4 700.5 784.5 824.8 7501 763.4 446.3 2871 455.6 473.8 404.4 527.9 s

T53.4 6643 8008 154.3 250.5 6477 7943 7682.5 8304 7532 TE6.6 456.5 397.9 465.5 539.7 410.4 535.1 e

756,68 707.2 802.8 158.7 244.8 655.6 7679 780.5 8450 756.0 760.8 457.3 408.4 477.5 6942 415.5 541.8 -

761.0 718.0 0136 165.2 2453 664.6 801.8 789.9 B873.6 758.6 7734 A476.6 4184 491.5 s 418.7 547.5 .-

768.0 7261 9374 1635 4.8 6744 B40.4 T88.7 918.2 T781.0 7768 AB43 431.0 506.9 e 4237 5613 s

7828 733.0 843.6 168.4 240.8 6a1.7 818.3 784,2 937.4 763.4 JBG.5 510.8 446.2 520.5 e 428.0 564.1 s

80319 738.2 8582 155.2 245.0 £86.2 830.3 77166 958.1 765.6 7845 529.7 4614 560.1 il 4324 556.4 e

833,2 745.0 847.3 150.5 2523 £592.4 835.5 766.8 g7r.2 767.8 788.5 549.9 4732 587.0 o 4370 558,2 -

870.8 5.7 953.5 147.2 2645 685.3 843.9 758.2 985.9 769.9 792.3 570.6 4841 £23.2 787.0 441.4 562.7 e

943.0 757.1 9453 149.6 282.8 700.7 850.4 754.1 1006.3 7120 786.0 590,98 4958 641.3 788.8 445.8 566.3 e

541.0 753.3 955.8 148.1 218.2 705.3 858.7 750.8 1010.8 7741 768.7 610.8 508.0 655.1 717.7 445.9 E69.7 -

g72.7 760.1 681.3 148.1 364.2 202.6 890.2 748.8 1044.3 776.4 803.2 £28.1 0252 655.8 8301 454.5 573.0 b

1006.0 7739 975.8 148.9 385.3 807.3 877.6 748.2 1021.8 7787 8071 £49.9 £87.9 6774 626.1 450.6 577.0 i

964.8 777186 868.1 ja52 | 4015 813.0 B64.3 T48.0 1023, 1 7811 810.1 667.1 8645 Bar.7 678.6 465.2 E81.5 il

854.2 780.7 957.8 148.0 452.8 155 858.2 747.3 087.8 7834 8128 574.9 904.1 754.7 658.4 4711 586.4 e

853.2 785.8 B60.4 147.2 538.0 2150 B57.3 744.7 1015,2 7856 8148 883.5 863.5 768.4 7214 477.1 5914 el

885.2 750.3 961.0 1710 533.8 817.7 560.8 757.6 $953.7 787.8 8161 816.8 8921 783.5 680.6 482.7 5964 b

560.7 7.7 070.3 167.6 £36.9 819.1 8653 773.7 969.8 789.8 8173 783.7 ;M13 823.2 E64.4 458.0 8011 b

850.9 8113 737.2 168.3 8317 820.8 874.5 788.2 963.8 791.7 8184 1068.2 £23.2 £85.6 554.6 493.4 605, 1 bl

9346 Bi7.0 842.4 1774 7314 B25.9 899.1 802.4 £89.0 793.6 B19.4 10051 832.0 i 543.8 498.9 £08.0 ree

851.0 Bi9.6 862.2 1734 7411 831.4 921.6 814.4 9802 | 7952 8204 8a7.7 917.8 E) 7632 504.2 6123 -

043.8 B21.3 665.6 1717 721.9 837.9 940.2 8183 968.5 795.7 B21.3 804.7 933.3 bk 8738 500.4 6154 -

0521 823.7 565.4 176.9 B95.0 847.8 850.2 g24.4 §60.7 798.2 822.5 e 928.2 e 695.2 514.4 6184 .-

9619 827.0 558.2 177.5 786.3 870.8 055.6 830.7 9411 788.7 823.8 i 2927.0 b £33.0 519.0 6212 bl

950.7 B31.2 550.0 1781 B05.3 $35.5 ) 832 955.0 B1.3 825.8 B86.0 930.5 BT 7912 523.2 624.0 s
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Table 9. Average Temperatures Measured in Full Scale Assembly F-10B, Steel Stud, 1x2 Gypsum Board Layers, Mineral Fibre Insulation

Leqqnd BL . Base Lavgr.__F_L - F ce Layer, c;av. - c.a.ylg, S51id. - Stesl Sh_xd Wstd. - Wood Stud Av - Ave od Side
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Table 9. Average Temperatures Measured in Full Scale Assembly F-10B, Steel Stud, 1x2 Gypsum Board Layers, Mineral Fibre Insulation (Cont.)

Legend: BL, - Base Layer, FL - Face Layer, Cav. - Cavl d Wood Stud, Av - Average, Exp. - Exposed Side, UnExp. - Unexposed Side
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Table 10. Temperatures Measured in Full Scale Assembly F-11, Steel Stud,1x2 Gypsum Board Layers,Cellulosic Fibre Insulation(wet spray)(Cont.)

Temperature at Thermocouple Number
3 Az

7304 | 7045 | 7212 | 9.5 | 7307 | 7End 6794 | 7402 [ 7252

7338 | 742 | 7248 | voma 7333 | v656 | 6893 | 732 | 7280 | 7667 | 769.2 | 7288 | 7332 | 7248 | 7210 | 6783 113.6
7166 | 7247 | wees | 731 7328 ) 7502 | eo3s | 7340 | 7288 | 7e06 | 7402 | 720 { 718 | 7338 | vese | eetd 113.7
7000 | 7285 | 7265 | 73se | 7304 7463 | 6516 | 7408 | 7evo | 7e42 | vese K vevo { veey | vaes | vzve | vova 113.5
6969 | 7310 | 7258 | 7378 | 7274 | 7433 | 6884 7410 | 7242 | 7eek | 7i12 | 7258 | 7218 | 7414 | va7 1 7167 113.5
6659 | 7040 | 7244 | 7374 | 7248 | 7430 | 6640 | 7426 | 7212 ] 7686 | 7006 | 7277 | 717.8 | 7450 | 7284 | 7255 1134
8064 | 7384 | 7232 | vaee | 7238 | 7444 6808 | 7443 | 7180 | 7744 6950 | 7307 1 7147 | 7470 | vz | 7ass 113.6
608.0 | 7438 | 722t | 7428 | 7235 | 7467 | 6700 | vave | 770 | 7989 Y 6997 | 756 | 7123 | 7515 | 7ers | 7429 114,0
8908 | 7407 | 7213 | 7486 | 7235 | 7509 | ervs | 7522 | 757 { 7840 | 6900 | 7410 | 7108 | 7555 | 7272 | 7508 114.6
701.7 | 7532 | 7210 { 7804 | 7244 7625 | 6v73 | 7ee2 | 7140 | 7884 | esmd 7425 | 710.4 7668 | 7217 | 7515 115.3
7038 | 7621 | 7207 | 7476 | va48 | 7494 6765 | 7558 | 7130 | 7ee2 | esso | 7ass | 7ee0 | 7537 | 7278 | 7680 1158
706,1 7493 | 7211 7448 | 7260 | 7432 | 6768 | 7538 | viae | 7882 | essa | 7344 7087 | 7488 | 7283 | ve0. 116.5
7000 | 7483 | 7214 | 7439 7267 | 7383 | 6784 7508 | 7137 | 7856 | eso3 | 7204 | 7088 | 7438 | v2e0 | 7se4 1175
7007 | 7434 | 7220 | 7420 | vere | va46 | 6800 | 7464 | 7144 | 7820 | 6806 | 7ead 709.2 7394 | 7205 | 7585 18,0
7110 § 7439 | 7210 | 7420 | 7280 | 7340 [ ea15 | 7486 | 7144 | 7830 | €918 | 7189 | 7002 | 7302 | 7266 | 7575 118.5
7ite | 7403 | 7218 | 7520 | 7284 | 7324 | es26 | vsar | viaS | vo1e | eoa2 | 7190 | 7090 | 7e42 { 7206 | 7654 119.5
7133 | 7631 | 7223 | 7574 | vzpa | 7427 | es44 | 7e60 | 7152 | sos4 | eped 7306 | 7087 | 7540 | 7303 | 7785 121.8
7151 7764 | 7233 | 7608 | 7a1.3 | 7519 | 6870 | vveo ]| 7185 | si52 ) es07 | 7ese | mie | 7584 | 73t3 | 7933 125.0
7174 | 7880 | 7248 | 7er.3 | 7337 | 7500 | egos ] voos | 7ies | s223 [ veas | vas7 | 7129 | 76t 7327 | 8120 128.4
7196 | 8042 | 7263 | 7788 | 7350 | 7704 1 6p41 | 8033 | 7208 | 8454 | voze ) 7577 | 7147 | 7753 | 7838 | ezra 1335
7222 | mi27 | 7e84 | vsi2 738.7 | 778.9 { 6081 | @139 | 7228 | oo | miz2 | ress | 7174 7652 | 7355 | 830.0 140.3
7243 | 8122 | 7209 | vsse 7410 | 777.1 701,56 | 8121 7249 | 1966 | 7159 | 7887 | 7180 { 7625 | 7366 | s205 45,3
7268 | 8066 | 71.9 | v7g2 | 7438 | yri2 | 7054 | 8038 | 727 | 7eo.s | 7200 | veas | yeia | 76ty | 7380 | si07 1748
7202 | 7074 | 7333 | 70 746,14 7624 | 7080 | 7eea | 7302 [ 7811 7246 | 7548 | 7227 | 7530 | 7as2 | iecae 19,6
7320 | 7ees5 | 7350 | 784.1 7485 | 7520 | 7124 7786 | 7327 | 7720 | 7294 | va45 | 7284 7469 | 7400 | 7875 220.9
7339 | 7734 | 78ra | 7542 | 7512 | 7380 | 7159 ] 7657 | vaso | 7ea7 | 7338 | var? | 7ee2 | 7416 | 7416 | 1718 250.7
7861 | 7624 | 7395 | 7448 | 7540 | 7200 | 7164 | 7574 | vapo | 7s0.2 { 7307 | 7188 | 7307 | 7348 | 7425 | 7689 2022 |
7372 | 7637 | 7414 | 73849 7568 | 708 | r228 | 7518 | 2t | 7854 7463 | 71000 | 7330 | 7278 | 7494 | 7e28 330.9
7388 | 7475 | 7435 | 7289 | 7s9p | vo29 | 7266 | 7470 | 7458 | 7546 | 7533 | 7027 | 7a58 | 7227 | 7445 | 7887 377.6
7447 | 7432 | 7453 | 7294 | 7638 | 6673 | 7817 { 74836 | 7503 | 767.0 | 7620 | 6087 | 7367 | 71a8 | 7488 | 7568 443.2
7492 | 7419 | 7468 | 7218 | 7666 | 6950 | 7346 | 7438 | 738 | 7eow | 7702 | sors | 7434 7165 | 7458 | 7585 515.3
7540 | 7428 | 7477 | 7218 | 7664 | 546 | 7avi 7458 | 757.2 | ve53 | 7700 | 608t | 7466 | 7158 | 7462 | 7e2s 585.5
7ee8 | 7463 | 7487 | 7247 | 7716 | 6960 | 7387 | 7486 | 7605 | 7722 | 7e7.2 jo06 | 7560 | 7474 | 7443 | rerE | e 645.4
7634 | 7530 | 7480 | 7301 7733 | 7006 | 7300 | 7552 | 7824 | 7805 | 70556 | vose | 7530 ] venq | 7a2s | 7740 661.0
7682 | veor | 7402 | vaso | v7as | vome | 7408 | 7628 | 7638 ]| 7000 | aoas | r2z | vssa 7245 { 7408 | 7817 y22.1
7743 | me | vase | 7438 | 7749 | 7203 | 7405 | 78 | 7eaz | sodav | et2s | vees | 77 | 7aet | 7ama | 7082 745.6
7860 | 7805 | 7523 | 7502 7784 | 7354 | 7474 7780 | 7676 | 8147 | saca | 7318 | 7es4 | 7421 | 7425 | 8109 762.2
8023 | 7915 | 7578 | 7ee6 | veey | 7426 [ 7evo | vaso | vrdo | m2e7 | e487 | maza | 7va | 752 | 7s04 8246 776.6
817.7 | 8070 | 7874 | 7758 ] 7066 | 7509 | v7i4 | 039 | 7874 | eazs | ses6 | 7587 | 7veos ] 7ess | 7643 | 430 787.0
8315 | ses3 | 77e3 | 718 | eoas | vray | 7a7o | sto4 | eotz | eses | eea7 | 7rsv | ec27 | vve7 | 7784 | 514 784.8
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Table 11. Average Temperatures Measured in Full Scale Assembly F-11, Steel Stud, 1x2 Gypsum Layers, Cellulosic Fibre Insulation (wet spray)

Legend: Bl - Bage La or Fl- F_a_ce Layer, Cav. - G_avim SStd. - Stesl Stud wstd

- Wood Stud, Av - A Exp. - Exposed Side, UnE

od Sid
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Table 12. Centre Deflections Measured in Full-Scale Assembly F-09, Unloaded Assembly

20 | 62

Table 13, Centre Deflections Measured in Full-Scale Assembly F-10, Unloaded Assembly
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Figure2.  Thermocouple Locations in Full-Scale Test S-07
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Figure 3. Thermocouple Locations in Full-Scale Test S-09
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Fig.ure 4.  Thermocouple Locations in Full-Scale Tests S-10 and 10B
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Figure 11. Temperature Distributions For Full Scale Test Assembly F-07
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Figure 12. Temperature Distributions For Full Scale Test Assembly F-09
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Figure 13. Temperature Distributions For Full Scale Test Assembly S-10
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Figure 14. Temperature Distributions For Full Scale Test Assembly F-10B
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Figure 15. Temperature Distributions For Full Scale Test Assembly F-11
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Figure 16. Measured Deflections For Full-Scale Assemblias
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Figure 16. Measured Deflections For Full-Scale Assemblies (Cont.)
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