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1. Introduction

The client, CCMC, requested that BE&S provide technical and experimental
input toward a technical guide that CCMC is preparing. The CCMC guide is titled
“Foundation Wall Systems with Low Emissivity Sheet Material and
Furred-Airspaces Assembly”. Specifically BE&S through this report, will provide
the required thermal and material evaluation procedures for a low emissivity
surfaced expanded polystyrene insulation sheet. In terms of thermal performance,
the product would be evaluated as both a material and as a thermallly resistant
component within a furred airspace insulated basement wall system.

2. Objective

The main objective of this report is to provide, through standard experimental
procedures supported by calculated technical data, the specific evaluation methods
& procedure to be followed in the proposed technical guide.

3. Material Evaluation

The thermal resistance and surface emissivity of the Low Emissivity Sheet
Material should be determined by testing the Low Emissivity Sheet Material in
combination with air spaces of 0 mm, 3 mm, 6 mm and 9 mm in a Heat Flow Meter
Apparatus (Figure 1.0). The thermal resistance of the insulation (and in
combination with the air spaces) should be determined in accordance with
ASTM C 177 or ASTM C 518.

3.1 Specimen Measurements

Before setting up for testing in the Heat Flow Apparatus, the following
measurements should be carried out and recorded on the low emissivity board
insulation specimen.

3.1.1 Thickness A thickness gauge should be used to measure the thickness of at
17 randomly spaced points marked on one of the specimen’s surface. The thickness
is the average of these 17 measured points (mm).

3.1.2 Mass -The mass of the specimen should be recorded (grams).

3.1.3 Area - The length and width of the specimen at several locations should be
and use the average of these measurements to calculate the area (cmz).

3.1.4 Volume - Using the average measured thickness and the area, calculate the
specimen’s volume (cm®).

3.1.5 Density - Using the volume and measured weight, calculate the specimen’s
density (kg/m”).



3.2 Heat Flow Meter Specimen Set Up
3.2.1 Specimen Placement

¢ A brush should be used in order to remove any dust or debris from the contact
areas of the heating and cooling plates.

e The specimen should be centered on the cooling plate (lower plate) the heating
plate should then be placed (upper plate) on the specimen, insuring that the
specimen remains centered over the heating and cooling plates (see Figure 1.0).
If the specimen does not cover the plates, a material of similar conductivity and
thickness should be used as a mask to completely cover the plates.

e For the emissivity testing, air space plate spacers should be utilized. They
should be placed between the heating plate and cooling plate at the corners of
the apparatus. Small pine pieces of 3 mm thickness and of identical heights
should be used for the respective tests of 3,6,9 mm airspaces.

3.2.2 Edge insulation

e Twenty-five mm thick strips of edge insulation (glass clad) should be placed
around the perimeter of the test specimen. The edge insulation should be cut
such that it fits tightly between the cooling and heating plates.

3.2.3 Uniform Contact

e To ensure an even contact between the heating/cooling plates and the test
specimen, the apparatus should be placed between ring clamps (at least one on
each side of the apparatus) or place weights of at least S Kg. on top of the
apparatus

3.2.4 Thickness Measurement

e Using a vernier, the thickness of the heating/cooling plates, plus the test
specimen at the four outside corner measuring pins of the HFM should be
measured.

e The specimen thickness should be calculated by means of the following equation:

20,1

L=
4

L = Specimen thickness
[, = measured thickness
l, = apparatus thickness

n

n = number of the outer corners (1, 2, 3, or 4)

o The variance of specimen thickness should be no more than £0.01 mm.



3.3 Heat Flow Apparatus Guard Placement

The entire test apparatus should be covered with an insulated cabinet or
environment box. During the entire test maintain the ambient temperature at the
mean temperature (Ty,) by heating or cooling the enclosed environment. If no T, is
specified, use the setting indicated in Table 1.
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Figure 1.0: Heat Flow Apparatus set up with Low Emissivity Insulation Material and airspace



3.4Test Procedure
3.4.1 Temperature Settings

The heating and cooling units of the eat Flow Apparatus should be set to the
standard test conditions as presented in Table 1.0.

Table 1.0: Standard Test Conditions

Variable Temperature (°C) Measurement

Tolerance (°C)
Hot Plate Temperature (Ty,) 35.0 +0.1
Cold Plate Temperature (T;) 13.0 0.1
Mean Temperature (Tr) 24.0 +0.1
Temperature Difference (AT) 22.0 +0.1

3.4.2 Test Steady-State (Thermal Equilibrium)

A thermal steady-state condition is achieved when:
The heat flow meter outputs from the hot and cold sides are in equilibrium
The mean temperature is stable
The hot surface temperature and the cold surface temperature are stable
The thermal steady-state conditions are maintained for a minimum of 12
hours.

Table 2.0: Measured Test Conditions

Variable Units ASTM
Tolerances
Hot Surface Temperature (Th) °C +1 °C
Cold Surface Temperature (T;) °C +] °C
Temperature Difference (D) K -
Mean Temperature of the Test (Ty,) °C +1 °C
Heat Flux through the Specimen (q) W/m?* -




3.5 Reporting
3.5.1 Thermal Resistance of Low Emissivity Sheet Material

The following collected and calculated data should be provided in the test
report. For the test with no airspace in place (0 mm), where the thermal resistance

of the material itself is measured the data provided should be as outlined in Table 3.

Table 3: Reported Data for Specimen Thermal Resistance

Variable Symbol Units
Average thickness of tested specimen L mm
Density of specimen p kg/m’
Hot surface temperature Ty, °C
Cold surface temperature T, °C
Temperature difference (Th- Tc¢) AT K
Mean temperature of test ((Th+Tc)/2) Tm °C
Heat flux through the specimen q W/m?
Thermal conductance of the specimen C=q/AT C W/(m*K)
Thermal resistance of the specimen R m*K/W
Repec=AT/q
Thermal conductivity at the tested thickness A W/(m*K)
Aspec=L/R
Thermal resistance per unit thickness r meK/W
Rgpec=R/L




3.5.2 Thermal Resistance of Low Emissivity Sheet Material and Airspace(s)

The following collected and calculated data should be provided in the test
report. For the test with the respective (3,6,9 mm) airspaces in place where the

thermal resistance of the material and the airspace(s) are measured, the data

provided should be as outlined in Table 4.

Table 4: Reported Data for Specimen Thermal Resistance

Variable Symbol Units
Average thickness of tested specimen (no airspace) Ls mm
Average thickness of tested specimen and airspace Ls+a mm
Average thickness of airspace (Ls+a- Ls) La mm
Density of specimen p kg/m3
Hot surface temperature Th °C
Cold surface temperature T °C
Airspace exposed specimen surface temperature Ts °C
Temperature difference (Th- Tc) AT K
Mean temperature of test ((Th+Tc)/2) Tm °C
Mean temperature of airspace((Ts+Tc)/2) T °C
Heat flux through the specimen q W/m?*
Thermal conductance of the specimen C=q/AT C W/(m**K)
Thermal resistance of the specimen+ airspace R m*eK/W
R(s+a)=AT/q
Thermal conductivity at the tested thickness of A W/(m*K)

Specimen + airspace A(s+a)=L/R

Thermal resistance per proportioned unit thickness r m*K/W
Rgpec=R/L

3.6 Calculation of Emissivity

Plate 2, €,=0.9
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Figure 2.0: Two plane surfaces in space exchanging radiant heat




Consider two plane surfaces in space, set at an infinite distance of “Loo”
apart. A plane surface, Plate 2 (typical of the hot plate in the Heat Flow
Apparatus) emitting radiant heat “q” would have a known emittance of ¢, = 0.9
and a known steady state temperature of T>. The plane surface (Plate 1) in
parallel with the radiant heat emitting surface (Plate 2), would have an unknown
emissivity of ¢, and a known steady state surface temperature of T. If the two
plane objects of equal size were facing each other and if the plane surfaces were
large in relation to to the distance between them, then the net heat exchange
between the two surfaces would be by radiation only. Given that the heat
transfer would be occurring in a vacuum and that the distance between the
plates was infinity, it could be concluded that all heat transfer would occur as a
result of radiation. There could be no conductive or convective component to
the heat transfer.

By plotting the results of section 3.5.2 in graphical form for data points of 3,6,9
mm airspaces (inverse) as shown in Figure 2.0, a linear equation could be
derived.

y=mx+b

Q/AT (W/m? “K)

1/L (m™)

Figure 3.0 : Plot of Q/AT vs. 1/L

The x-axis of Figure 3.0 represents the inverse of the distance between the plane
surfaces whereas the y-axis represents the heat transfer rate over the
temperature difference between both plates. The y intercept “b” represents the
total (i.e. radiant) heat transfer between both plates over the temperature
difference between both plates.



Heat transfer across air is by three modes namely conduction, convection and

radiation. By combining conduction and convection it can be expressed as:

QTo/al = Qcond-conv + QRad (eqn’ 10)
KT -T,) o(T*-T"
Oroa =%= ( IL Z)+[ 1 ' 1 2 J (eqn. 2.0)
—+—-1
& &
Where Qiotal = total heat flow, W

Qcond-conv= conductive-convective heat, W
g=total heat flow per unit area, W/m?
A= area of plates, m’

k= conductivity of air at mean temperature, W/ (m °K)
o= Stefan-Boltzman constant, 5.6697 x 10 W/(m? K%

T,;= surface temperature of Plate 1 (K)
T,= surface temperature of Plate 2 (K)
& = emissivity of Plate 1 surface facing Plate 2
& = emissivity of Plate 2 surface facing Plate 1

In the case of the Heat Flow Meter used as per section 3.5.2, although not in a

vacuum, the plates are quite close together and are oriented horizontally. This
would make the conductive-convective element of heat transfer negligible.
Therefore the conductive-convective component of equation 2.0 could be
dropped. The simplified equation could be expressed as:

ol\l* -T
%=—1(‘ ] 2) (eqn. 3.0)
—+—-1
& &

The equation could be further simplified and expressed as:

3
or/ _ od1?)
AT =T 1 (eqn 4.0)
& &
Where QOr = total heat flow(radiant), W

o= Stefan-Boltzman constant, 5.6697 x 10® W/(m2 K*)

AT ;= surface temperature difference between Plate 1 & 2
(K)

& =emisstvity of Plate 1 surface facing Plate 2

& = emissivity of Plate 2 surface facing Plate 1



Given that the emissivity of the heating plate in the Heat Flow Apparatus is of
known value, namely &= 0.9, equation 4.0 could be further simplified and
expressed in terms of ¢ by:

g = 1 (eqn 5.0)

4o(7,)

Or
AT

-0.1

The results collected from the Heat Flow Meter as outlined in section 3.5.2
should be plotted as in the configuration of Figure 2.0. The Y intercept Qr/AT
would represent the total heat flow over the mean temperature of the two planar
surfaces set at an infinite distance apart. There would be three data points, one
for each airspace. Ty is the mean air temperature is is of the 3,6 and 9 mm
airspaces. From equation 5.0, &, the emissivity of the low emissivity sheet
material could be determined.

4.0 Full Scale Modeled Thermal Evaluation
4.1 Field Applications

CCMC requested that the three possible field applications shown in Figures
4.0, 5.0 & 6.0, be examined for wall system thermal performance. If the systems
were to be evaluated in a Guarded Box, what test set-ups would be required? Would
all three field applications require experimental evaluation? Could the testing be
simplified and narrowed to one or two set-ups?

Il

Concrete foundation wall of 200 mm (8™) B Interior finishes meeting the NBC

thick, 3.2 m high
T— Furred Airspace

Backfilling up to 152 mm (6™)

Insulation board with low emissivity facer

below top of foundation wall

Figure 4.0: Full Basement Wall System



Concrete foundation wall of 200 mm (8™)
thick, 3.2 m high

Backfilling up to 152 mm (6™)
below top of foundation wall

Insulation board with low emissivity facer

Furred Airspace

Figure 5.0: Partial Basement Wall System

L"Q Insulation board with low emissivity facer
Furred Airspace
¢ Interior finishes meeting the NBC
. ]
Y
Concrete foundation wall of 200 mm (8“) No back.ﬁllmg hlgher than the slab

thick, 3.2 m high

Figure 6.0: Full Basement Wall System with no backfill
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Given that the principle objective of a full scale evaluation would be to
determine the thermal resistance of a low emissivity faced insulated board-furred
airspace assembly basement wall system under different boundary conditions, the
differing boundary conditions would have to established and considered. Would the
varying weatherside conditions shown in Figures 4.0,5.0 & 6.0 have any great effect
on thermal performance of the wall system when evaluated in a Guarded Box ?
BE&S first decided to undertake one-dimensional thermal modeling for the three
field applications. The basic premise of this exercise was to determine the thermal
resistance of the low emissivity sheet insulation and furred airspace assembly
within the wall system under the three field applications.

A parallel-path isothermal-plane model developed by BE&S and
experimentally validated was used to carry out the analysis. This model provided
the various thermal resistance components throughout the wall system as well as the
total thermal resistance. Also provided were the various interstitial temperatures.

4.2 Model Theory

The one-dimensional thermal model developed by BE&S combines both the
isothermal plane and the parallel path approach. The average of the two approaches
is the modeled thermal resistance of the wall system.

4.1.1 Isothermal Plane Methodology

The isothermal plane approach to thermal modeling assumes that each
interstitial layer of a wall system has a resultant thermal resistance and uniform
interstitial plane temperatures. Using an electrical analogy (Fig 7.0) the various wall
element thermal resultant resistances are added in series. The basic thermal
resistances of the wall materials are found in IRC publications and the ASHREA
Handbook. Figure7.0 below shows the thermal circuit of the isothermal-plane
applied methodology.

Ra

ngpsum
Ri Reconcrete

Rs

Figure 7.0: Isothermal plane thermal circuit of Basement Wall System with Low
Emissivity Sheet Insulation and Furred-Airspace.
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Where Ri = Thermal resistance of inside film coefficient, 0.12 m? "K/W
Rgypsum = Thermal resistance of 12 mm gypsum, 0.079 m? ’K/'wW
Rfuming = Thermal resistance of 19 mm furring, 0.179 m? 'K/w
Rairspaces = Thermal resistance of 19 mm airspace, 0.597 m? ‘K/w
Rinsul = Thermal resistance of 50 mm low ¢ sheet insulation, 1.799 m? "K/w
Reconcrete= Thermal resistance of 200 mm concrete, 1.799 m? "K/w
R.,= Thermal resistance of weatherside film coefficient, 0.03 m? ‘K/w

4.1.2 Parallel Path Methodology

The parallel plane approach to thermal modeling outlines that each thermal
path within a wall system has a total thermal resistance. Each path also has a
surface area that is a portion of the total wall specimen area. In the most basic
terms, the various path thermal resistances are multiplied by their respective
percentile areas in relation to total specimen wall area. The portional values are
then summed. Using an electrical analogy as shown in Figure 8.0, the various wall
element thermal resultant resistances are added in series. The basic thermal
resistances of the wall materials are found in IRC publications and the ASHREA
Handbook. Figure 6.0 below shows the thermal circuit of the Isoplanar applied
methodology.

- R, Raixspaecs Ri
Path A 888 v y <
s3> wvw*wwww
8§8 =
2024 Rconcrete Rinsul Reyp
B
o
8§8 % R, R furrin
093 " AR
5951
Path B 059 WWM % W
OOO
g _» R
a2 Og Reoncrete Rinsul P

Figure 8.0: Parallel-Path thermal circuit of Basement Wall System with Low
Emissivity Sheet Insulation and Furred Airspace.

12



4.2 Model Boundary and Construction Conditions.
4.2.1 Full Basement Wall System

The weatherside boundary conditions of the full basement wall system (Figure 4.0)
would first have to be established in view of testing such an assembly in a Guarded
Box Facility with a 2438mm X 2438 mm specimen area. Given the geometry of the
test area as well as the consideration for area weighed surface instrumentation (i.e.
surface thermocouple locations) BE&S concluded that the test wall would be
divided into five horizontal sections of 488 mm high (19" each). The top section
would be above grade and would be exposed to the cold air climate. The four
descending below grade sections would be at temperatures based on real data
collected at CCHT.

Figure 9.0 below,the plot of CCHT Ground Temperature vs. Depth, provides an
actual ground temperature readings at and near a basement wall located under the test
house. From this graph, BE&S established the soil and weather side temperature
profile for a 2438mm X 2438mm Guarded Box test wall.

Figure 10.0 shows the area weighed level zones with their respective average zone
temperatures. The mean area weighed weather-soil side temperature was -2.16 °C.
The roomside temperature was 20 °C.

CCHT Ground Temperature VS Depth

e S tete

= Tbesidewa| (*C)
.\ # T pesideconcr ele(inaide)
. Poly. (T besidewall (*C)) L see-

\ e Poly. (T beai de cancr els (i nai de))
s,

Ground
Temperature
°C)

Ground Depth (mm)

Figure 9.0;: CCHT Ground Temperature vs. Soil Depth.
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F Ti=-28.7 °C l j
Level 1 = -20. o
Level 2 > T2=1.8 °C s
Level 3 - T3=3.8°C 487 2438
Level 4 — Ta=5.1°C i
Level 5 > Ts=7.2°C w

Figure 10.0: Profile of 2438mm X 2438 mm test wall with horizontal area weighed level zones
and respective average zone temperatures.

For modeling purposes:

e The airspace surface emissivity of the low emissivity surface board
insulation was set at 0.05, which is based on the ASHREA handbook
standard for bright aluminium (Table 2B pg 23.5, 1985).

e Horizontally oriented 17 X 3” furring set on 24” centers was the
strapping set-up.

4.2.2 Partial Basement Wall System

As per Section 4.2.1
4.2.3 Full Basement Wall System With no Backfill

The weather and room side boundary conditions of the full basement wall
system with no backfill (Figure 6.0) would follow the ASTM 1363 Standard for

Wall Testing in Guarded Hot Boxes, namely a roomside temperature of 20 °C and a
weatherside temperature of 35 °C.

14



For modeling purposes:

e The airspace surface emissivity of the low emissivity surface board
insulation was set at 0.05, which is based on the ASHREA handbook
standard for bright aluminium (Table 2B pg 23.5, 1985).

e Horizontally oriented 1” X 3” furring set on 24” centers was the
strapping set-up.

4.3 Modeling Results

4.3.1 Full Basement Wall System

Rwan=2.55 RSI

Teold=-2.2 °C Thot= 20 °C
000l ==———| T1=19.1°C
Gypsum 12 mm S
5051 To=-1.9°C
Furred Airspace 19 mm o2 Teone= 0.1 °C

Low Emlssu'/lty 2>§8 % Tix= 13.8 °C
Sheet Material SSofy
o
0osl |
L_> OOO S — [o]
Concrete 403 mm ool U Tmean= 16.1 °C
o0&~
0% Tgypz 18.4°C

Figure 11: Interstitial temperature profile (airspace path) and thermal resistance for Full
Basement Wall System

The Full Basement Wall system was modeled (Figure 4.0). The wall thermal
resistance was 2.55 m* °K/W. The thermal resistance of the airspace was

0.599 m? °K/W. The resultant thermal resistance of the furred-airspace was

0.423 m? °K/W, which accounts for 16.5 % of the total thermal resistance.

Figure 11.0 shows the interstitial temperature profile (airspace path) across the wall.
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4.3.2 Partial Basement Wall System

Based partially on the results of section 4.3.1, the Partial Basement Wall
system had a calculated thermal resistance of 1.33 m? °K/W. This is due to the fact
that only the top 1083 mm of the concrete wall is insulated as per Figure 10 and the
bottom 1355 mm of the wall is insulated with a 70 mm airspace and 12 thick
gypsum board.

When the low emissivity surface of the airspace is removed, the thermal resistance
Of the wall system drops to 1.26 m* "K/W.

4.3.3 Full Basement Wall System With No Backfill

Rwan= 2,63 RSI Thot= 20 °C
Teod= -35 °C
G 1 oo | Ti=177°C
m 12 mm 0594
ypsu 0a0 To=-34 4 °C
OgO
0008
Furred Airspace 19 mm 5\2‘; Trane= =79 4 °C
o
Low Emissivity | 500k
Sheet Material ?83 =/ Tins= 4.8 °C
oS0 <§ ——
OOO .
OL0
- é.> o |4 el _
Concrete 403 mm §8§ I~ Tmean=10.5 °C
Sl S
= Tey= 16.2 °C

Figure 12: Interstitial temperature profile (airspace path) and thermal resistance for
Full Basement Wall System with no backfill.

The Full Basement Wall System without backfill was modeled (Figure 6.0). The
wall thermal resistance was 2.63 m” °K/W. The thermal resistance of the airspace
was 0.609 m?°K/W. The resultant thermal resistance of the furred-airspace was
0.428 m?°K/W, which accounted for 16.2 % of the total thermal resistance.
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4.3.4 Full Basement Wall System With High Emissivity
Sheet Insulation

In order to estimate the contribution of the low emissivity surface towards the
thermal resistance of the wall system, BE&S modeled the Full Basement Wall
System fitted with the same sheet insulation without it’s low emissivity surface.
The substituted emissivity was 0.9.

Rwan = 2.25 RSI _hno
Teold= -2.2 °C Thot= 20 °C
B 0% - o
Gypsum 12mm |- gogz_/ Ti=18.9 °C
=~ s
050 T2=-19°C
Furred Airspace 19 mm %’;j Teone= 0.3 °C
Low Emissivity 898 %
Sheet Material ?@g = Tins=16.6 °C
OOO 54\
ogo é/ B _ o
Concrete 403 mm - 050l 7= Tmean=13.6 °C
RS
= Tgyp: 18.2 °C

Figure 13: Interstitial temperature profile (airspace path) and thermal resistance for
Full Basement Wall System with no backfill and a high emissivity surfaced sheet

insulation.

The Full Basement Wall System without the low emissivity surface in the
airspace was modeled (Figure 6.0). The wall thermal resistance was 2.25 m? ’K/W.
The thermal resistance of the airspace was 0.1633 m? 9K/W. The resultant thermal
resistance of the furred-airspace was 0.166 m? °K/W, which accounted for 7.4 % of
the total thermal resistance.
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4.3.5 Full Basement Wall System With No Backfill & High Emissivity
Sheet Insulation

In order to estimate the contribution of the low emissivity surface towards the
thermal resistance of the wall system, BE&S modeled the Full Basement Wall
System with no backfill fitted with the same sheet insulation without it’s low
emissivity surface. The substituted emissivity was 0.9.

Rwaii=2.29 RSI —900°
Teold= -35 °C " Thoe= 20 °C
- sl < ——| Ti=17.3°C
Gypsum 12 mm 8954 |
O 5054 | T2=-34.3 °C
Furred Airspace 19 mm 5ol Teone= 29.0 °C
Low Emissivity o 000k
Sheet Material 15008 Tins=11.6 °C
Concrete 403 mm T R Tmean=13.6 °C
000y B
808 :5: Tgyp= 155 OC

Figure 14: Interstitial temperature profile (airspace path) and thermal resistance for
Full Basement Wall System with no backfill and a high emissivity surfaced sheet
insulation,

The Full Basement Wall System without backfill and without low emissivity
surface in the airspace was modeled (Figure 6.0). The wall thermal resistance was
2.29 m*°K/W. The thermal resistance of the airspace was 0.1751 m* ’K/W. The
resultant thermal resistance of the furred-airspace was 0.176 m* °K/W, which
accounted for 7.7 % of the total thermal resistance.
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4.3.6 Contribution of Low Emissvity Surface Towards Thermal Resistance
of the Full Basement Wall System

Comparing the results of Sections 4.31 and 4.3.4, the low emissivity surface
in the furred airspace raised the thermal resistance of the wall assembly from
2.25 m*°K/W to 2.55 m? °K/W. Therefore it’s contribution to total thermal
resistance was 0.30 m? °K/W (11.8 % of total).

4.3.7 Contribution of Low Emissvity Surface Towards Thermal Resistance
of the Full Basement Wall System

Comparing the results of Sections 4.31 and 4.3.4, the low emissivity surface
in the furred airspace raised the thermal resistance of the wall assembly from
1.26 m?°K/W to 1.33 m**’K/W. Therefore it’s contribution to total thermal
resistance was 0.07 m* "K/W (5.3 % of total).

4.3.8 Contribution of Low Emissvity Surface Towards Thermal Resistance
of the Full Basement Wall System With no Backfill.

Comparing the results of Sections 4.32 and 4.33, the low emissivity surface in
the furred airspace raised the thermal resistance of the wall assembly from
2.29 m*°K/W to 2.63 m® "K/W. Therefore it’s contribution to total thermal
resistance was 0.34 m”> "K/W (12.9 % of total).
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4.3.9 Summary of Modeled Results

Table 5.0 Summary of Thermal Modeling Results

Wall System TRoomside | Tweatherside | Thermal
(°0C) (°0O) Resistance
(m’ °K/W)
Full Basement Wall 20.0 2.1 2.55
System (Fig 4.0)
Full Basement Wall 20.0 -2.1 2.25
System with (Fig 4.0)

with no foil surface on
sheet insulation.

Partial Basement Wall 20.0 2.1 1.33
System (Fig 5.0)
Partial Basement Wall 20.0 2.1 1.27

System with (Fig 5.0)
and with no foil surface
on sheet insulation.

Full Basement Wall 20.0 -35.0 2.63
System with no backfill

(Fig 6.0)

Full Basement Wall 20.0 -35.0 2.29

System with no backfill
(Fig 6.0) and with no
foil surface on sheet
insulation.

4.3.10 Discusion of Modeled Results

The weatherside temperature differences barely affected the thermal
resistances of the fully insulated test wall. The variance was only 0.08 m?°K/W, or
about 3 % of the total thermal resistance of the wall system. Given that the error of
a typical Guarded Box is in the order of 6 %, these differences would not likely be
detected.

In the case of the Partial Basement System where only the top half of the wall
is insulated, the experimenter would likely confuse results by introducing two
different walls into one specimen.

4.3.11 Conclusions of Modeled Results
Based on modeled results of little variance, BE&S concludes that only one of

the three field applications needs to be evaluated. The simplest wall to evaluate
would be the Full Basement Wall System with no backfill (Fig 6.0).
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5.0 Full Scale Experimental Thermal Evaluation

5.1.1 Specimen Construction

A 2438 mm X 2438 mm test specimen that includes a 200 mm thick concrete
slab would be both difficult to build and to mount in a Guarded Box. If a lighter
material of similar thermal resistance to that of concrete could be substituted, it
would simplify the experiment. A concern however was that two-dimensional heat
transfer might occur in the concrete slab during testing thereby nullifying the
validity of the one-dimensional thermal model used for analytical purposes.

BE&S has determined that two dimensional heat transfer would not be a concern if
the weatherside temperature was constant over the weatherside surface of the
specimen. This was verified by concrete wall tests carried out by IRC for ASHREA
a number of years ago. Given that BE&S concludes that only one wall system needs
to be evaluated, namely the Full Basement Wall System with no backfill (Fig 6.0),
then the weatherside temperature would be uniform and thus two dimensional heat
transfer through the concrete slab would not occur in any measurable quantity. For
this reason, 30 mm thick plywood could be used in place of the concrete slab.
Figure 15.0 below shows the typical test wall profile. The orientation of the
strapping could be vertical or horizontal.
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Fig 15.0: Full Basement Wall System profile
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The Full Basement Furred-Airspace Test Wall would be a layered 2.44 m X
2.44 m assembly consisting of 200 mm low emissivity board insulation affixed to a
30 mm thick layer of plywood. 19.1 mm furred airspace would be created by
affixing nominal 1 X 3” pine strapping (either vertically or horizontally) spaced at
either 406 or 610 mm over the board insulation. A 12 mm layer of gypsum would
then be affixed over the strapping.

5.1.2 Base Case Wall

An objective of the experiment is to experimentally determine the specific
thermal resistance of the furred airspaces with one low emissivity surface.
In order to carry this out, a wall similar to that profiled in Figure 15.0,except that
the low emissivity surface of the sheet insulation would not be in place. This could
be called the Base Wall System.
By subtracting the thermal resistance of BaseWall System from that of the Full
Basement Wall System, the thermal resistance contribution of the low emissivity
surface (in a furred airspace) would be determined.

5.1.3 Furring Details

There are two variants in the furring details of the test walls

e Furring Spacing: The furring strips could be spaced typically 406 mm (16”) or
610 mm (24”) apart.
e Furring Orientation: The furring strips could be oriented either vertically or
horizontally.
» Vertical Orientation: Convective heat transfer within the airspace would

be more likely if the furring were mounted vertically. Considering the
field applications (see figures 4.0 to 6.0) where the floor (typical 1/2”
space at bottom of gypsum) and ceiling (1/2”X 16” or 24” openings
between strapping) details are open, a vertical heat path would be
created up through the furred airspace(s). In this case, two-dimensional
heat flow might occur and a one-dimensional thermal might not be valid
for analysis. Two dimensional heat flow could be experimentally
determined by instrumenting the center airspace with thermocouples
from top to bottom and observing if any significant thermal gradient
exists. Given that edges are sealed for Guarded Box specimen, these top
and bottom opening details would have to be included in the test
specimen. Vertical orientation of strapping would require that slots of 19
mm X 2438 mm at the top, and 25 mm X 2438 mm at the bottom be cut
on the roomside of the specimen in order to allow for any vertical
thermal gradient that might occur.

» Horizontal Orientation: Convective heat transfer within the airspace
would not be likely if the furring were mounted horizontally. In this case
two dimensional heat flow would not be likely and the one-dimensional
thermal model could be used for analysis.
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5.1.4 Test Method

The standard test method for determining the thermal performance of walls is
ASTM C-1363. For the purposes of this test, this method should be followed. The
weatherside temperature would be maintained at -35 °C. The roomside temperature
would be maintained at 20 °C. The heat resistance value would be measured and
calculated from roomside wall surface to soil-weatherside wall surface.

5.15 Instrumentation

Twenty temperature measuring thermocouples would be affixed to the
respective outer wall surfaces in an area weighed layout in order to determine the
thermal resistance of the basement wall assembly (Fig 16.0). Additional
thermocouples would also be mounted in the interstitial layers of the wall assembly
(Figs 11.0 to 14.0). In order to provide temperature profiles across the wall at five
different vertical levels, the wall would be divided into five horizontal level zones
of 484 mm deep. The interstitial thermocouples would be mounted in the middle of
each level. Strapping orientation would not alter thermocouple locations.

2419

Level 1 1C-01 1C-02 1C-03 1C-04
eve 483
(above grade) + + —+— +
- TC-06 - ~
Level 2 TC—+£)5 +0 TC—+P7 YC_{EB 84
JC-09 TC-10 TC-11 TC-12
Level 3 + + + + 484 2419
TC-13 TC-14 TC-15 TC-16
Level 4 + + + + 484
1C-17 1C-18 1C-19 1c-20
Level 5 + + 484
+ +
&AMJ J
910
1510
2120

Fig 16.0: Instrumented Full Basement Wall System
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6.0 Conclusions

e Two full scale walls should be evaluated in a Guarded Hot Box under the
following conditions: The weatherside temperature should be set at =35 °C
and the roomside temperature should be set at 20 °C (ASTM C-1363).

e The concrete slab should be replaced with 30 mm plywood sheathing

e One wall (Full BasementWall System) should be fitted with the low
emissivity sheet insulation.

e The other wall (Base Wall System) should be fitted with the same sheet
insulation without it’s low emissivity surface.

¢ The thermal resistance created by the low emissivity surface within the furred
airspace can be determined by subtracting the thermal resistance of the Base
Wall from the thermal resistance of the Full Basement Wall System.

e Airspace strapping could be oriented vertically or horizontally but
instrumentation should be set up in order to detect two-dimensional heat flow.

e Vertical orientation of strapping will require that slots of 19 mm X 2438 mm
at the top, and 25 mm X 2438 mm at the bottom be cut on the roomside of the
specimen.
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