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3684 (RP-515) 

GUARDED HOT BOX MEASUREMENTS OF 
THE DYNAMIC HEAT TRANSMISSION 
CHARACTERISTICS OF SEVEN WALL 
SPECIMENS-PART II 
W.C. Brown 

ABSTRACT 

ASIIRAE Research Project 515 had the goal of 
producing measured dynamic heat transmission character­
istics of walls. 17le work was undertaken utilizing a 
guarded hot box facility. The measured dynamic heat 
transmission characteristics are used to confiml the data 
and procedures provided in the ASHRAE Hand­
book-Fundamentals for predicting dynamic heat transfer. 
The steady-state (themral resistance) and dynamic heat 
transmission characteristics of seven wall specimens were 
measured. The test specimens represented wall types 
ranging in construction from an insulated steel stud wall 
with stucco finish to ari insulated concrete block wall with 
brick veneer finish. 

For all specimens, the measured frequency response 
compared quite well with the predicted frequency response. 
On the other hand, the measured themwl resistance varied 
from 45% to 90% of the predicted them1al resistance. It is 
concluded that, within the constraints imposed OIJ the 
equations and data and assuming actual assembly themwl 
resistance, heat flux predicted using the Handbook z­
transfer function coefficients will be accurate enough for 
practical purposes. 

INTRODUCTION 

ASIIRAE Res~arch Project 515 was undertaken to 
produce measured dynamic heat transmission character­
istics of walls. 

The first objective of the project was designed to 
determine whether the dynamic heat transmission 
characteristics of nonhomogeneous walls differ signifi­
cantly from the response that would be predicted using 
methods from the 1989 ASIIRAE /laud­
book-Fundamentals (ASIIRAE 1989). The second 
objective, which was added after the project began, was 
designed to demonstrate that the measurement proce­
dure used with the seven generic walls (the original 
objective) provided accurate data. Both objectives are 

D.G. Stephenson, Ph.D. 

documented in the final contract report (Brown 1991). 
Most procedures for estimating dynamic heat transfer 

through, and temperature variations of, building walls 
and roofs are based on the z-transfer function data and 
procedures that are published in the ASHRAE Hand­
book. These were developed by Stephenson and Mitalas 
at the National Research Council of Canada (Mitalas 
1968; Stephenson and Mitalas 1971; Mitalas 1978). They 
pertain to walls and roofs made up of layers of homoge­
neous materials and have no allowance for thermal 
bridges, such as framing members or brackets that 
support cladding. TI1e Handbook only gives z-transfer 
function coefficients that relate the heat flux component 
·through the interior surface of the wall to the sol-alr 
temperature on the exterior. TI1is is sufficient to calcu­
late the rate of heat transfer at the interior due to a 
change in exterior conditions, but another set of coeffi­
cients is needed when calculating the component of heat 
transfer at the interior due to a change in interior 
temperature. The latter is required for the calculation of 
room thermal response. 

NRCC developed an experimental procedure for 
obtaining both sets of z-transfer function coefficients for 
a wall specimen. It uses test results obtained from a 
dynamically calibrated AS1M C-236 guarded hot box 
apparatus (AS1M 1991). TI1e testing and data reduction 
procedures and confirmation of their validity, the second 
objective of RP-515, are documented in a companion 
paper (Brown and Stephenson 1993). TI1is paper docu­
ments the ftrst objective and describes the construction 
of the seven generic test specimens, presents the z-trans­
fer function coefficients determined for the specimens, 
and comments on the implications of the results. 

TEST SPECIMENS 

Specifications for the seven generic test specimens 
were developed by the ASHRAE monitoring committee 
in. consultation with NRCC. Test specimens were 
constructed using building materials that were obtained 

William C. Brown is a senior researcher at the Institute for Research in Construction, National Research Council of ~anada, Ottawa, 
Ontario. Donald G. Stephenson is a private consultant who was formerly with the Institute for Research in Constructlon. 
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TABLE 1 
Summary of TesfSpecimen Descriptions, end "Measured" Thermal Transmittance (U-Factor) and Z-Trensfer Function 

Coefficients. Note that U-Factor and Z-Transfer Function Coefficients ere Reported for 0°C (32°F) Mean Temperature. 

Construction U-value 
1-,.~ 

- 0. Description n 0 

1 89 mm [3.5"] insulated 0.76 c 4.3823 
steel stud wall [0.134] b 0.1032 

w/25 mm fl "]stucco d 1.0000 

2 25 mm [1 "] extruded 1.01 c 3.6649 
polystyrene on [0.178] b 0.0015 

200 mm f8"i concrete slab d 1.0000 

3 200 mm [8"] concrete slab 1.02 c 10.1458 
on 25 mm [1"] [0.180] b 0.0014 

extruded oolvstvrene d 1.0000 

4 89 mm [3.5"] insulated 0.64 c 6.2455 
steel stud wall on [0.113] b 0.0173 

100 mm-f4;l concrete slab d 1.0000 

5 140 mm [6"] hollow CMU 0.43 c 10.6690 
w/50 mm [2"] ext. poly. [0.077] b 0.0002 

& 89 mm f3.5"l clay brick d 1.0000 

6 89 mm [3.5"] insulated 0.53 c 7.2460 
steel stud wall [0.094] b 0.0048 

w/89 mm [3.5"1 clav brick d 1.0000 

7 150 mm [6"] solid CMU 0.56 c 17.0794 
w/100 mm rrJ ext poly. [0.099] b 0.0005 

& 25 mm 1"1 J!ranite d 1.0000 

from local sources. All specimens were 8 ft x 8 ft (2440 
mm x 2440 mm), the size required by the test appara­
tus. The concrete slabs of specimens #2/#3 and #4 
were cast by a local precast company and delivered to 
the laboratory within a few days of casting. Concrete 
block and clay brick components of specimens were 
constructed in specimen test frames by a local masonry 
contractor. Steel stud frames were built in-house for 
those specimens that required them. Other fmishing 
touches, such as the installation of gypsum board and 
insulation, were also performed in-house. 

General d~ptions of all test specimens are given 
in Table 1. Specific details of the test specimens are 
given in individual· specimen reports that follow. All 
specimens were constructed at about the same time. The 
frrst specimen ( #1) was tested after it had been left to 
age (cure) for a month in the laboratory. The elapsed 
time between construction and testing of the remaining 
specimens was six weeks or longer. 

1\venty thermocouples were installed to monitor 
temperatures within the test calorimeter. A 4-by-4 grid 
of 16 thermocouples was mounted on the interior and 
exterior surfaces of specimens to measure surface 
temperatures at the insulated sections. Thermocouples 
were also mounted on the interior and exterior surfaces 
to measure surface temperatures at the thermal bridges. 
Additional thermocouples were mounted on and within 
the specimens to monitor temperatures at other points 
of interest. For example, a string of four thermocouples 
was mounted over one of the steel studs in those 
specimens that contained steel studs. This thermocouple 
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Coefficients c
11

, b11, d,. 

n-1 n 2 n 3 n 4 n 5 

-5.0281 1.2659 
0.4179 0.0976 0.0014 

-0.3849 0.0050 

-7.3151 4.9626 -1.3787 0.1397 
0.0257 0.0371 0.0087 0.0003 

-1.2364 0.3481 -0.0405 0.0021 

-16.6276 7.2687 -0.6731 -0.0711 
0.0183 0.2022 0.0029 

-1.4836 0.5981 -0.0728 o.oou 
-11.3309 6.5383 -1.4812 0.2302 

0.1218 0.0598 0.0029 
-0.8380 0.0404 -0.0006 

-28.9969 29.0165 -12.9742 2.2935 
0.0032 0.0040 0.0006 

-2.1653 1.5048 -0.3349 0.0034 

-14.4387 9.9135 -2.8831 0.3485 
0.0722 0.0907 0.0179 0.0006 

-1.0340 0.2414 -0.0221 0.0009 

-32.4576 19.6809 -4.4393 0.1829 
0.0118 0.0246 0.0088 0.0005 

-1.7326 1.0032 -0.2490 0.0252 0.0006 

string and a matching string on the insulation were 
duplicated at various interfaces through the specimen. 
'I)'pically, a specimen was instrumented with more than 
100 thermocouples. With these temperature measure­
ments, it was possible to determine temperature gradi­
ents through both the insulation and the thermal 
bridges. Such information provided increased confidence 
in the accuracy of the thermal measurements. 

T~ST RESULTS 

Test data and results for the seven test specimens 
are recorded in individual specimen reports that are 
appended below. Values of thermal resistance and 
z-transfer function coefficients determined for all 
specimens are given in Table 1. 

The individual specimen reports follow a standard 
format. Each report contains the following information: 

1. a brief description of the test specimen and a 
discussion of the test program and results; 

2. the time constants, Tn, and z-transfer function coeffi­
cients, dn, bn, and en, measured for the specimen; 

3. the material properties that were used to predict the 
response of the specimen; 

4. numerical and graphical presentation of measured, 
calculated, and predicted thermal resistance; 

5. numerical and graphical presentation of measured, 
calculated, and predicted 1/B and D/B responses. 
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The following definitions of "measured," "calculat­
ed," and "predicted" values are used in the summary 
reports: 

"Measured" values were determined directly from 
experimental data. 

"Calculated" values were determined indirectly from 
the experimental data, e.g., Rw was not "measured" at 
Tm=24°C (75°F) but was "calculated" from the Rw vs. 
T m relationship determined from the experimental data; 
liB and D!B were "calculated" from the z-transfer 
function coefficients that were themselves determined 
from the experimental data. 

"Predicted" values were determined from "book" 
material property data and the governing equations; 
models of . the specimens did not include thermal 
bridges. Z-transfer function coefficients were "predict­
ed" by the same program that was used to generate the 
Handbook coefficients (Mitalas and Arsenault 1972) and 
were normalized to the "predicted" thermal resistance. 

The "book" material property data for the seven 
generic specimens were obtained from manufacturers' 
information if they were available. Failing that, the data 
were usually available from Chapter 22 of the Hand­
book. 

A comparison between "measured" and "predicted" 
values of specimen thermal resistance, R5, should take 
the sensitivity of insulation thermal resistance to mean 
temperature, T m> into account. However, while specimen 
Rs was "measured" at Tm=O± 10°C (32± 18°F), "book" 
values of insulation therm~l resistance are normally 
quoted for Tm=24°C (75°F). Specimen Rs can, there­
fore, only be "predicted" with confidence at Tm=24°C 
(75°F). The way around this conundrum is to determine 
the dependence of specimen Rs on T m from the experi­
mental data (a linear relationship ge·nerally serves for 
temperature extremes experienced by buildings) and to 
"calculate" specimen Rs at Tm=24°C (75°F). The 
individual specimen reports list values ofRs "measured" 
at Tm=0°C (32°F), "calculated" from experimental 
data, and "predicted'.' from "book" data for Tm=24°C 
(75°F). 

The values of 1/B and D!B were determined from 
interior environmental conditions to exterior environ­
mental conditions. They therefore have built into them 
the interior and exterior surface heat transfer coeffi­
cients that were in effect during the tests. Since the 
values of 1/B and D!B are very sensitive to the surface 
coefficients, it was decided that the test surface coeffi­
cients would be the "book" surface coefficients used in 
"predicting" values of 1/B and D/B. 

The values of 1/B and D!B determined in this 
project were "measured" at discrete periods. Z-transfer 
function coefficients en, bn, and dn were then determined 
from these, experimental data through a series of 
mathematical steps. The question of whether these 
coefficients . reproduced the "measured" values is 
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addressed by a tabulation of the "measured" and 
"calculated" values in the individual reports. A second 
question of how well these "calculated" values compared 
to "predicted" values is addressed by a graphical presen­
tatiOJ . of the "measured," "calculated," and "predicted" 
values at the discrete test periods and of the "calculat­
ed" and "predicted" frequency response for the range 
from steady state to the shortest test period. 

CONCLUSIONS 

Measurement of the dynamic heat transmission 
characteristics of a homogeneous wall specimen and of 
seven generic wall specimens has provided a number of 
insights into the dynamic thermal performance of "real" 
walls and how well that performance could be predicted 
from the data and procedures in the ASHRAE Hand­
book-Fundamentals. The following conclusions are 
drawn from this project. 

1. Measured overall thermal resistance (steady-state 
performance) was significantly different from pre­
dicted values if thermal bridges were not accounted 
for in the prediction. For the seven generic wall 
specimens in this project, the measured thermal 
resistance varied from 45% of "book" value to 90% 
of "book" value. 

2. Measured 1/B frequency response was in close 
agreement with that predicted for the specimens, 
even though thermal bridges were not included in 
the prediction. It is hypothesized that the favorable 
comparison between measured and predicted 
response is a consequence of the fast response of 
the thermal bridges; all were of steel. 

3. Measured D!B response was of a shape similar to 
that predicted for the specimens. However, while 
the measured and predicted phase shifts were 
generally in good agreement, the measured and 
predicted amplitudes were not. The difference 
appears to be primarily due to the difference be­
tween measured and predicted thermal resistance; 

4. Since the predicted liB frequency response was in 
such good agreement with the measured response, 
it can be concluded that the Handbook equation and 
coefficients will predict heat fluxes that are in good 
agreement with the "real" solution. There are two 
cautions that must accompany this conclusion. The 
first is that the good agreement was based on 
coefficients normalized to the corresponding ther­
mal resistance. Hence, load and energy calculations 

__ will only be as good as the accuracy of the thermal 
resistance. The second caution is related to the fact 
that, since the Handbook equation assumes a con­
stant interior temperature, the accuracy of the D/B 
frequency response is not important to its solution. 
Only under this condition is the difference between 
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the calcuhited and predicted D/B amplitudes not 
important. 

S. While not directly represented by the data present­
ed in this report, it was noted, probably not for the 
first time, that the dynamic response of a wall 
system is quite sensitive to the magnitudes of the 
interior and exterior fdm coefficients. The z-transfer 
function coefficients should, therefore, be used with 
caution when the actual film coefficients differ from 
the test film coefficients. 
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TEST SPECIMEN #1 

Description 
Specimen #1 consisted of a 25 rom [1 "] thick stucco exterior fmish mounted to an insulated, heavy gauge steel stud 

wall. The studs were 89 mm [3-112"] deep and located 406 mm [16"] on center. The insulation was RS/-2.1 [R-12] friction 
fit glass fiber batts. The specimen was fmished on the warm side with 12 mm [1/2"] gypsum board. 

Test Results 
The thermal resistance, R:;. determined at Tm=24°C [75°F] was 51% of that predicted from the sum of the resistances 

through the insulation. This indicates that the studs were acting as a significant thermal bridge for this wall design. The 
frequency response was measured at ~ods of 24 h, 12 h and 6 h and the values of VB and DIB were detennined from 
these measurements. The c,. coefficients Wel'e determined from a fit to the data measured at 12 h period. The D/B 
response of this specimen was typical of that exhibited by all specimens with gypsum board interior fmish. 

TABLE1-1 
Time constants and z-tran.sfer function coefficients 

determined from measured data. 't11 are in hours, and 
b,., c,. and d,. are dimensionless and based on A = 1 h. 

TABLE 1·2 
Physical properties used to predict thermal response. 

l - thickness - rom [in.] 
A- thC%mal conductivity- W/(m·K) [Btu/(h·ft· 0 F)] 

p - density - kg/m3 (lb/~3] 
Cp - specific heat- kJ/(kg·K) [Btu/(lb·0 F)] 

Material l A p 

Gypsum board 12 0.160 800 
(interior) fl/21 £0.0921 £50] 

Glass fiber 89 0.042 14.5 
batt insulation £3-1/21 £0.0241 £0.9] 

Gypsum board 12 0.160 800 
(exterior) [1121 (0.0921 rsm 

Stucco 25 0.720 1856 
fll [0.426] £116] 

Heat transfer coefficients: 
Interior - 0.078 m2.KJW [0.44 h·ft2·°F/Btu] 
Exterior- 0.033 m2·KIW [0.19 h·ft2·°F/Btu] 
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Cp 

1.09 
ro.261 

0.71 
£0.171 

1.09 
£0.261 

0.84 
[0.20] 

I'\ I Steel track top and bottom plates (16 ga) 
I I 32x95x2438 [1.25"'x3.75"x96"] 

I I I 
L H Wood framing - both sides 
~ 19x92x2438 [0.75"'x3.625"x96"] 

\_ H Steel bridging (16 ga) 
19x38x2388 [0.75"x1.5"x94"] 

I I I 

H Punched steel studs (16 ga) 
I' 41 x92x2438 [1.625"x3.625"x96"J 

SECTION A-A 

7////#/#//#////.&W/h: W/#/.&¥#/////ff///##//.&W#AW//////////#M ·--·--------- ---
·.· .,,:.,,,,;_, ... :.::':<\ ;:;.,_,;_:::l t: .'· :·: .. :·. :::::;}:i:t::~::::~;:::~;;~:1:::; ::;,::::.·:·.'.:.'.:_:': ·,:·::: 

Stucco on wire mesh 25 [11 (3 coats) 

Asphalt Impregnated felt paper 

Exterior gypsum sheathing 12 [0.5"] 

Punched steel studs 89 [3.5"] (16 ga) 
w/ RSI-2.1 (R-12] glass fiber insulation 

89x406x1219 (3.5"x16"x48"] 

Polyethylene sheet 0.03 [6 mil] 

Interior gypsum board 12 [0.51 

FIGURE 1-1 Elevation and cross sectional views of the 
specimen from the calorimeter (interior). 
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Tm oc 
f0 Fl 

R, m'l·KJW 
lb·ft2·F/Btul 

R.~ ml]{/W 
lb·ft2·F/Btu] 

R m2·KJW '-
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lb·ft2·F1Btu] 

12 
6 

Measured 
f 0 

[32] 
0.078 
ro.441 
1.21 

[6.85] 
- 0.033 

[0.19] 

.. 

0.93L-23° 
0.85L-45° 
0.65L-82° 

.... 

.. .. 
. . 

TEST SPECIMEN 11 (con't) 

Steady State Response 

Calculated Predicted 
24 24 

[75] 1751 

1.17 2.27 
[6.66] [13.08] 

0.96L-24° 
0.85L-46° 
0.60L-82° 

liB Response 

DIB Response 

MEAN TEMPERAT'URE. Clf= 

a 15 25 as -41 55 85 7& as es 
4 

·• · MeaiU'8d R. 
· 0 · Predlct8d R. 
.•. MeaiU'8d At 

t- ·• · PrediCted At 
0 
0 

..... _. :::=; "== . 

0 0 
~~ ~ o 5 m ~ m 25m$ 

MEAN TEMPERA11JRE. ere 

110" 

270" 

.• Measured 
·+ C8lculated 
· IC Predicted 
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TEST SPECIMEN #2 

Description 
Specimen #2 consisted of 25 mm [1 "]of exttuded polystyrene insulation (RSI-0.1 [R-5]) mounted with light gauge 

steel furring to the warm side of an 200 inm [8"] thick precast concete slab. The furring was located 6 i 0 mm [24 "] on 
cenler. The specimen was finished on the warm side with 16 mm [5/8"] gypsum board. 

Test Results 
Tb.e thermal resistance, Rs- determined at Tm=24°C [75°F] was 77% of that predicted from the sum of the resistances 

through the insulation. The frequency response was measured at periods of 48 h, 24 h, 12 h and 6 h and the values of 1/B 
and D/B were determined from these measurements. The c,. coefficients were determined from a fit to the data measured 
at 24 b and 6 h periods. The D/B response of this specimen was typical of that exhibited by all specimens with gypsum 
board interior finish. 

TABLE2-l 
Time constants and z-transfer function coefficients 

determined from measured data. t,. are in hours, and 
b,., c,. and d,. are dimensionless and based on A= 1 h. 

TABLE2-2 
Physical properties used to predict thermal response. 

l - thickneSs - mm [in.] 
A.- thermal conductivity- W/(m·K) [Btul(h·ft·0 F)] 

p - density - kglm3 [lblft3] 
Cp- specific heat- kJ/(kg·K) [Btul(lb·0 F)] 

Material l 1 p 

Gypsum board 16 0.160 800 
(imerior) £5/81 [0.092] [50] 

Ext polystyrene 25 0.029 28.8 
insulation 1U [0.0181 [1.81 

Reinforced 203 1.728 2240 
concrete slab [8] [1.0] [140] 

Heat transfer coefficients: 
Interior - 0.078 m2.KfW [0.44 h·ft2·°F/Btu) 
Exterior- 0.051 m2.KfW [0.29 h·ft2·°F/Btu) 

ASH RAE li'ansactions: Research 

Cp 

1.09 
[0.261 

1.22 
ro.291 

0.92 
[0.22] 

~ Steel furring (26 ga) 
22lc67x2438 [0.875"x2.625"x96"] 

A~ 
fJ\ 

610 
[24"] 

t 
A~ 

SECTlONA-A 

Interior gypsum board 12 [0.5"] 

Polyethylene sheet 0.03 [6 mil] 

Steel furring 25 [1"] (26 ga) fastened 
to concrete w/ "tapcon• anchors 
6x32@ 610 oc [0.25"x1 .25" @ 24" oc] 
wl RSI..0.7 [R-5] ext. polystyrene 25 [1"] 

Precast concrete slab 203 [8"] 
w/ 15m [#5] re-bar @ 457 [181 oc 

FIGURE 2-1 Elevation and cross sectional views of the 
specimen from the calorimeter (interior). 
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Measured 

Tm oc 0 
roFJ [321 

R1 m2·KJW 0.078 
[h·ft2·F/Btu] [0.44] 

R.~ m2·KJW 0.86 
fb·ft2·F/Btul r4.89l 

R'). m2KJW 0.051 
fb·ft2·F/Btul [0.291 

Period Measured 
h AmpLPhase 

48 0.64L -63° 
24 0.38L -91° 
12 - 0.19L-127° 
6 O.OSL-177° 

Period Measured 
h AmpLPhase 

48 1.24L17° 
24 1.40L27° 
12 1.88L39° 
6 3.03L46° 
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TEST SPECIMEN #2 {con't) 

Steady State Rt -sponse 

Calculated Predicted 

24 24 
1751 [75] 

-
0.84 1.08 

[4.741 [6.121 

liB Response 

Calculated 
AmpLPhase 

0.64L -62° 
0.38L -91° 
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TEST SPECIMEN.#3 

Description 
Specimen #3 was Specimen #2 reversed, i.e., the 200m n (8"] concrete was located to the interior and the 19 mm 

[5/8"] gypsum board was located on the exterior. (Note that while the wall specimen was reversed. the surface heat 
lransfer coefficients were not. and it cannot therefore be assumed that the same VB response will be measured for both.) 

Test Results 
The thermal resistance, RSt determined at T,.=24°C [750f1 was 77% of that predicted from the sum of the resistances 

through the insulation. The frequency response of Specimen #3 was measured at periods of 48 h, 24 h, 12 h and 6 h and 
the valu~ of liB and DIB were determined from these measurements. The c11 coefficients were determined from a tit to 
the data measured at the 24 h and 6 h periods. The DIB response of this specimen was of a shape typical of that exhibited 
by specimens with a concrete interior fmish. 

TABLEJ-1 
Time constants and z-transfer function coefficients 

determined from measured data. 't11 are in hours, and 
b,., c,. and d,. are dimensionless and based on A = 1 h. 

TABLEJ-2 
Physical properties used to predict thermal response. 

l- thickness- mm [in.] 
A- thermal conductivity- W/(m·K) [Btul(h·ft·0 F)] 

p - density - kglm3 [lblft3] 

Cp- specific beat- kJ/(kg·K) [Btul(lb·0 F)] 

Material I A p 

Reinforced 203 1.728 2240 
concrete slab [81 [1.01 fl401 

Ext. polystyrene 25 0.029 28.8 
insulation [ll [0.0181 . fl.8l 

Gypsum board 16 0.160 800 
(interior) - [5/81 [0.0921 [501 

Heat transfer coefficients: 
Interior - 0.078 m2.KfW [0.44 h·ft2·°F/Btu] 
Exterior- 0.043 m2·KIW [0.24 h·ft2·°F/Btu] 
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Cp 

0.92 
f0.221 

1.22 
[0.291 

1.09 
[0.2~ 

~ Steel furring (26 ga) 
22x67x2438 [0.875"x2.625"x96"] 

A~ 
lj\ 
610 
[24"] 

\it 
A~ 

SECTION A-A 

Precast concrete slab 203 [8"] 
w/15m [#5] re-bar @ 457 [18"] oc 

Steel furring 25 [1"] (26 ga) fastened 
to concrete w/ "tapcon• anchors 
6x32@ 610 oc [0.25"x1.25"@ 24" oc] 
w/ RSI-0.7 [R-5] ext polystyrene 25 [1"] 

Polyethylene sheet 0.03 [6 mil] 

Interior gypsum board 12 [0.5"] 

FIGURE 3-1 Elevation and cross sectional views oft he 
specimen from the calorimeter (interior). 
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,. J 

Measured 
T.., oc 0 

roF] f321 
R, m 2"1UW -"- 0.078 

lh·ft2·FIBtuf f0.441 
Ro~ m2oKJW 0.86 

lh·ft2·F/Btu] [4.88] 
R m2-IUW '- 0.043 

fb·ft2·F/Btul f0.241 

Period Measured 
h AmpLPhase 

48 0.53L -68° 
24 0.31L-100° 
12 O.lSL-135° 
6 0.06L-187° 

... -

1:: 

Period Measured 
b AmpLPbase 

48 7.52L31° 
24 

~ 

8.69L20° 
12 - 9.45Ll4° 
6 10.56Ll0° 
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TEST SPECIMEN #3 (con't) 

Steady State Response 

Calculated Predicted 

24 24 
[75] [75] 

0.83 1.08 
[4.73] [6.12] 
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AmpLPbase 

0.55L -70° 
0.30L-100° 
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TEST SPECIMEN #4 

Description 
Specimen #4 consisted of an insu '!ated steel stud wall mounted to a 100 mm [4"] thick reinforced concwte slab. The 

studs were 89 mm [3-1/2"] deep and located 406 mm (16"] on center. The insulation was RSI-2.1 [R-12] friction fit glass 
fiber batts. The specimen was fmished on the interior with 16 mm[S/8"] gypsum board. 

Test Results 
The thermal resistance, Rso determined at Tm=24°C [75°F] was 58% of that predicted from the sum of the resistances 

through the insulation. This indicates that the steel studs were acting as a significant thermal bridge for this wall design. 
The frequency response was measured at periods of 48 h, 24 h, 12 hand 6 hand the values of liB and DIB were 
determined from these measurements. The c,. coefficients weze determined from a fit to the data measured at the 24 h and 
6 h periods. The DIB response of this specimen was of a shape typical of that exhibited by specimens with gypsum board 
interior fmish. 

TABLE4-1 
Time constants and z-transfer function coefficients 

determined from measured data. 't
11 

are in hours, and 
b,., c,. .and d,. are dimensionless and based on 4 = 1 h. 

TABLE4-2 
Physical properties used to predict thermal response. 

1- thickness- mm [in.] 
A- thermal conductivity- W/(m·K) [Btul(h·ft·0 F)] 

p - density - kglm3 [lblft3] 

Cp- specific heat- kJ/(kg·K) [Btu/0b·0 F)] 

Material I A p 

Gypsum board 16 0.160 800 
(interior) . [5/81 [0.0921 [501 

Glass fiber 89 0.042 14.5 
batt insulation [3-1/2] [0.024J [0.9] 

Reinforced 102 1.728 2240 
concrete slab _[4] [1.0] [140] 

Heat transfer coefficients: 
Interior - 0.079 m2.KJW [0.45 h·ft2.oF/Btu] 
Exterior- 0.054 m2.KJW [0.31 h·ft2·°F/Btu] 
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CD 

1.09 
[0.261 

0.71 
[0.17] 

0.92 
[0.22] 

Steel track top and bottom plates (20 ga) 
I~ I 

30x95x2438 [1.1875"x3. 75"x96"] 

I I I 
~ j Wood framing - both sides r - ~ 19x92x2438 [o.7s"x3.a2s"x9a"J 

"' w A A 

\_ H Steel bridging (20 ga) 
12x38x2388 (0.5"x1.5"x94"] 

I I I 

H Punched steel studs (20 ga) 
I' 32x92x2438 (1.25"x3.625"x96"] 

k 40Eh .. 
~'[16"] ..... 

SECTION A-A 

Precast concrete slab 101 [4"] 
w/15m [#5] re-bar @ 305 [12"] oc 

Punched steel studs 89 [3.5"] (20 ga) 
w/ RSI-2.1 [R-12] glass fiber insulation 

89x406x1219 (3.5"x16"x48"] 

Polyethylene sheet 0.03 [6 mil] 

Interior gypsum board 16 [0.625"] 

FIGURE 4-1 ElevaJion and cross sectional views of the 
specimen from the calorimeter (interior). 
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Measured 
T,.. oc 0 

roFJ [32] 

- ~-r-_ 
R1 m 2'K/W __ - 0.079 

[h·ft2·F/Btu] [0.45] 
R m 2'K/W !\ 1.43 

fh·ft2·F/Btu1 f8.131 
R"- m2J(/W 0.054 

fh·ft2·F/Btul [0.311 

Period Measured 
b AmpLPhase 

48 0.85L -34° 
24 0.66L -59° 
12 0.41L -89° 
6 0.21L-128° 

'' 

Period Measured 
b AmpLPbase 

48 l.30L30° 
24 11.71L45° -
12 2.83L56° 
6 . 5.11L56° 
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TEST SPECIMEN H (con't) 

Steady State Response 
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24 24 
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TEST SPECIMEN #5 

Description 
Specimen #5 consisted of a hollow concrete ·block wall with 51 mm [2"] exttuded polystyrene attached to the exterior 

and a 22mm {7/8"] furreu air space to the interior. The specimen was fmished on the exterior \l'ith 89 mm [3-1/2"] clay 
brick and on the interior with 16 mm [5/8"] gypsum board. 

Test Results 
The thermal resistance, Rso determined at Tm=24°C [75°F] was 90% of that predicted from the sum of the resistances 

through the insulation. This indicates that the steel furring and 'ttuss-type' brick ties were not acting as significant thermal 
bridges for this wall design. The frequency response was measured at periods of 48 h, 24 h, 12 h for both z-transfer 
function coefficients and at the 6 h period for the DIB response (the liB response at the 6 h period was below the 
sensitivity of the test apparatus). The c, coefficients were determined from a fit to the data measured at the 24 h and 6 h 
periods. The DIB response of this specimen was similar to that exhibited by specimens with a concrete interior fmish. 

TABLES-1 
Time constants and z-transfer function coefficients 

determined from measured data. 't
11 

are in hours, and 
b,, c, and d, are dimensionless and based on 6. = 1 h. 

TABLES-2 
Physical properties used tO predict thermal response. 

l- thickness- mm [in.] 
A- thermal conductivity- W/(m·K) [Btul(h·ft·0 F)] 

p - density - kgtm3 [lbfft3] 
Cp- specific heat- kJ/(kg·K) [Btul(lb·0 F)] 

Material l A p 

Gypsum board 16 0.160 800 
(interior) r5t81 ro.0921 f501 

Air space RSI-0.16 
[R-0.91} 

Hollow concrete 140 0.737 1215 
masonry units [5-1/2] [0.43] [76j 

Ext polystyrene 51 0.029 28.8 
insulation [2] [0.018] [1.8] 

Burned clay brick 89 0.780 1920 
[3-1/21 [0.451 fl20] 

Heat transfer coefficients: 
Interior -0.078 m2.KfW [0.44 h·ft2.oF/Btu] 
Exterior- 0.055 m2.KfW [0.31 h·ft2·°F/Btu] 
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c, 

1.09 
f0.261 

0.92 
[0.221 

1.22 
ro.291 

0.79 
[0.19] 

~ Steel furring (26 ga) 
22x67x2438 [0.875"x2.625"x96"] 

IT' ..v 'V 610 

A A [24"] 

~ 

SECTION A-A 

Bumed clay brick 57x89x190 [2.25"x3.5"x7.5"] 
fastened wlblok-loc heavy duty tri-wire 248 [9.75"] 

RSI-1.4 [R-1 0) extruded polystyrene Insulation 51 (2"] 

Hollow concrete block 140x190x390 [5.5"x7.5"x15.25"] 
(w/some voids filled with cement mortar and 
15m re-bar @ 1219 oc both directions [#5 @ 48"]) 

Polyethylene sheet 0.03 [6 mil] 

Air space 22 [0.875") & steel furring (26 ga) fastened 
wrtapcon• anchors 6x32 @ 61 o oc (0.25"x1.25" @ 16"] 

Interior gypsum board 16 [0.625"] 

FIGURE 5-1 Elevation and cross sectional views of the 
specimen [rom the calorimeter (interior). 
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Measured 

T,. oc 0 
roFJ (321 

R, m2·KJW 0.078 
lh·ft1·F/Btul (0.441 

R m2·KJW ... 2.14 
[b·ft2·F/Btu 1 (12.17] 

R m2·KJW ?. 0.055 
[b·ft1·F/Btu) [0.31] 

Period Measured . 
h AmpLPhase 

48 5.15L21° 
24 6.28L23° 
12 7.10L26° 
6 8.91L32° 
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TEST SPECIMEN #5 (con't) 

Steady State Response 

Calculated Predicted 

24 24 
(751 (75] 
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[11.73] [12.99] 
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TEST SPECIMEN #6 

DescripUon 
Specimen #6 consisted of an insulated steel stud wall finished on the exteriM with 89 mm [3-1/2"] burned clay brick. 

The studs were 89 mm [3-U2"] deep and located 406 mm [16"] on center. The insulation was RS/-2.1 [R-12] friction fit 
glass fiber batts. The specimen was finished on the interior with 16 mm [5/8"] gypsum board. 

Test Results 
The lhennal resistance, RS> detetmined at Tm=24°C (75°F] was 63% of that predicted from the sum of lhe resistances 

through the insulation. This indicates that the combination of steel studs and brick ties were acting as a significantlhermal 
bridge for this wall design. The frequency response was measured at periods of 24 h, 12 band 6 h and the values of 1/B 
and DID were determined from these measurements. The c,. coefficients were determined from a fit to the data measured 
at the 24 b and 6 h periods. The DIB response of this specimen was of a shape typical of ~t exhibited by specimens witb 
gypsum board interior fmish. 

TABLE6-1 
Time constants and z-transfer function coefficients 

determined from measured data. 't11 are in hours. and 
b,., c,. and d,. are dimensionless and based on A = 1 h. 

TABLE6-2. 
Physical properties used to predict thermal response. 

l- thickness- mm [in.] 
A.- thermal conductivity- W/(m·K) [Btul(b·ft·0 F)] 

p - density - kg/m3 [lb/ft3] 

Cp- specific heat- kl/(kg·K) [Btul(lb·0 F)] 

Material l i.. p 

Gypsum board 16 0.160 800 
(interior) . [5/8) [0.092] [50] 

Glass fiber 89 0.042 14.5 
batt insulation [3-1/2] [0.024] [0.9] 

Gypsum board 12 0.160 800 
(exterior) [112] [0.092] [50] 

Air space RSI-0.21. 
[R-1.19] 

Burned clay brick 89 0.780 1920 
[3-1/2 .[0.451 fl20l 

Heat transfer coefficients: 
Interior -0.078 m2·KIW [0.44 b·ft2·°F/Btu] 

Exterior- 0.051 m2-KIW [0.29 b·ft2·°F/Btu] 
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ell 
1.09 

[0.26] 

0.71 
[0.17] 

1.09 
[0.26] 

0.79 
f0.19l 

I'\ 1 Steel track top and bottom plates (20 ga) 
! I 30x95x2438 £1 .1a7s"x3.75"x961 

I I I 
~ '.J Wood framing - both sides 
~"' I 19x92x2438 [0. 75"x3.625"x961 

\_H Steel bridging (20 ga) 
12x38x2388 [0.5"x1.5"x941 

I I I 

H Punched steel studs (20 ga) 
32x92x2438 [1 .25"x3.625"x96"] 

v406, 
'[16"] .... 

SECTION A-A 

Burned clay brick 57x89x90 [2.25"x3.5"x7.5"] 
wlbrick ties 25x200 0 406 oc [1"x7.875" @16"] 

Nr space 25 [11 

Asphalt Impregnated paper 

Exterior gypsum sheathing 12 [0.5"] 

Punched steel studs 89 [3.5") (20 ga) w/RSI-2. 1 [R-12] 
glass fiber batt Insulation 89x406x1219 [3.5"x16"x48"] 

Polyethylene sheet 0.03 [6 mil] 

Interior gypsum board 16 [0.6251 

FIGURE 6-1 Elevation and cross sectional views of the 
specimen from the calorimeter (interior). 
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TEST SPECIMEN #7 

Description 
Specimen #7 consisted of a solid concrete block will with 100 mm (4"] extruded polystyrene, a46 mm [1-3/4"] air 

space and 27 mm [1 "]granite attached to the exterior. 

Test Results 
The thermal resistance. RS> determined at Tm=24°C [75°F] was 45% of that predicted from the sum of the resistances 

through the insulation. This indicates that the steel anchors that held the granite to the block are acting as significant 
thermal bridges for this wall design. The frequency response was measured at periods of 48 h, 24 h, 12 h and 6 h and the 
values of VB and DIB were detennined from these measurements. The c,. coefficients were determined from a fit to the 
data measured at the 24 h and 6 h periods. The DIB response of this specimen was of a shape typical of that exhibited by 
specimens with a concrete interior finish. The large discrepancy between the calculated and predicted response is due in 
large part to the difference between measured and predicted R-value. 

TABLE7-1 
Time constants and z-transfer function coefficients 

determined from measured data. 't11 are in hours, and 
b11, c,. and d11 are dimensionless and based on 4 = 1 h. 

TABLE7-2 
Physical properties used to predict thermal response. 

l - thickness - mm [in.] 
A- thermal conductivity- W/(m·K) [Btu/(h·ft·0 F)] 

p - density - kgtm3 [lblft3] 

Cp- specific heat- kJ/(kg·K) [Btui(Ib·0F)) 

Material I A p 

Solid concrete 140 1.728 2100 
masonry units [5-1/2] [1.00] [131] 

Ext polystyrene 100 0.029 28.8 
insulation [4] [0.018] [1.8] 

Air space RSI~.22· 

[R-1.25] 

Exterior granite 27 2.600 2600 
veneer [1] f1.50] [1621 

· . Heat transfer coefficients: 
Interior - 0.079 m2.KJW [0.45 h·ft2·°F/Btu] 

Exterior- 0.043 m2.KJW [0.24 h·ft2·°F/Btu] 
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c, 
0.92 

[0.22] 

1.22 
[0.29] 

0.88 
[0.211 

SECTION A-A 

Solid concrete block 
140x190x390 [5.5"x7.5"x15.251 

Blb.lthene air barrier material 

Steel angle supports fastened 
w/anchors M12-1.75x70 [0.5"-13x2.75"] 

RSI-2.8 [A-20] ext. polystyrene 200 [4"] 

Vari-strut channel (12 ga) & 
galvanized custom steel butterfly 

Air space 46 [1.81 

Granite veneer 27x395x500/900 
[1.06"x15.6"x19.6"135.5"] 

FIGURE 7-1 Elevation and cross sectional views of the 
specimen from the calorimeter (interior). 
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Measured 

Tm oc 0 
roF] [32] 

R1 m2K./W 0.079 
[h-ft2·F/Btul £0.45] 

R,._ m2·KJW 1.66 
fb·ft2·F/Btu] [9.93] 

R m2·KJW 7. 0.043 
[b·ft2·F/Btu] [0.24] 

Period Measured 
h AmpLPhase 

48 0.71L -64° 
24 0.42L-101° 
12 0.21L-149° 
6 0.05L-221° 

Period Measured 
h AmpLPhase 

48 11.66L45° 
24 14.70L27° 
12 16.79Ll7° 
6 18.23Lll0 
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TEST SPECIMEN #7 (con't) 

Steady State Response 

Calculated Predicted 

24 24 
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-
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AmpLPhase 
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