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Quicker Measurement of Walls’ Thermal Resistance Following an
Extension to ISO 9869 Average Method

Arash Rasooli"", Laure Itard"

!OTB: Research for the Built Environment, Delft University of Technology, Julianalaan 134, Delft, the Netherlands

Abstract. Determination of the thermo-physical characteristics of the buildings’ components is crucial to
illustrate their thermal behavior and therefore their energy consumption. Along the same line, accurate
determination of the thermal resistance of the building walls falls into one the most important targets.
Following the difference between in-lab, and on site thermal performance of walls, in-situ measurements
have been highly recommended. The most well-known practice for in-situ measurement of walls’ thermal
resistance is the Average Method of ISO 9869, using one heat flux meter and two thermocouples. The
method, in comparison with other existing methods is quite straight-forward and therefore, is applied widely
in large scale. Despite its simplicity, this method usually needs a relatively long time to reach an acceptable
result. The current paper deals with a modification to the ISO 9869 method, making it in many situations
much quicker than its original state. Through simulation of walls of different typologies, it is shown in
which cases the measurement period becomes longer than expected. It is demonstrated how the addition of a
heat flux meter to the aforementioned equipment can lead to a much quicker achievement of the thermal

resistance, following the rest of the instructions of the standard method.

1 Introduction

Thermal resistance of the buildings’ exterior walls is a
key parameter to determine the thermal behavior of the
whole building as well as its energy demand. As a result,
numerous researches and studies have been dedicated to
this area, to measure and validate the correct thermal
resistance R -value of the existing walls. Efforts have
been made to improve the stability, robustness, and
accuracy of the results of R.-values and other thermo-
physical characteristics of walls [1-4]. Besides the In-lab
methods [5-9], In-situ methods [10-15] have been of a
higher preference due to the well-known difference in
the walls’ thermal performance in controlled (e.g. in-lab)
conditions vs actual climatic (in-situ) conditions. The in-
situ conditions including large temperature drifts [16]
and wind velocity [17] make a significant difference in
the results of heat flux and temperature measurements.
Along the same line, ISO 9889 [12], ASTM 1155-95
[11], and 1046 [10] standards have been developed and
applied widely [13, 14, 18, 19] to measure this parameter
in-situ with a quite straight forward procedure. The
specific method being used in large scale campaigns [18,
20] is the “Average Method” by ISO 9869 [12], referred
to as “Summation Method” in ASTM [10, 11]. The
method is based on the definition of the long-term
average (cumulative) R¢-value. In this method, the heat
flux at one side (indoor side due to a more stable
temperature) and the surface temperature at two sides of
a wall are monitored for a relatively long period of time.
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Accordingly, the average thermal resistance can then be
determined as follows:

R = iATf /iq" 1)
=0 =0

Where AT is the temperature gradient of the two sides,
q is the heat flux, measured at one side (usually indoor),

and ¢ is time. The index m is the minimum number of
time intervals (e.g. one hour) required to fulfill the
criteria for reporting the R.-value. The magnitude of this
number (duration of the measurement) is a well-known
practical obstacle [18] associated with the method.
Measuring the heat flux and temperature profiles, an R.-
value is generated at every time interval (typically 0.5 h
to 1 h). The cumulative R.-value profile converges
within time, and, may be reported if the following
criteria [12] are fulfilled:

1- Minimum duration of 72 h for the measurements.

2- The loggings are the average of the measurements of
shorter intervals.

3- The departure of the two last R .-values are within 5%.
4- The analysis of last and first certain days results in
two R¢-values which do not differ by more than 5%.

Generally, in unstable climatic conditions and high
thermal mass, the above criteria are fulfilled hardly or at
a considerably late time. As a result, the duration of the
measurement becomes too long and therefore

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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problematic in practice. In this study, an extension [21]
to the ISO 9869 [12] method is investigated, to shorten
the aforementioned measurement time. The effect of
using a second heat flux meter at the opposite side of the
wall (Fig. 1), on the required measurement duration is
illustrated. The proposed extension is based on the
conservation of energy, and therefore, the fact that the
sums of the cumulative heat fluxes at two sides of the
wall are equal in long term:

> ('), =24, o

Accordingly, there is always a point in time where the
cumulative R.-value is the same if either of the sides is
chosen for the measurement of the heat flux. Then:

m

iAT’ D AT
Ri=fi——=R,=77— 0
@), (),

Where R, and R , are the R values derived from

(1), and based on the heat fluxes from indoor side and
outdoor side respectively.
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Fig. 1. The set-up of the proposed extension to the ISO 9869
average method: ¢ is the heat accumulation rate.

Due to the different performances of the homogeneous
and heterogeneous walls, a new value, the average of the
two R.-values is derived from the two heat fluxes and
calculated as follows:

AT AT
=0

R = (R, ‘;RCZ) _ %[ R 1 @)
2(a), 2(4),

The heat flux is measured at both sides separately,
following the ISO 9869 [12] instructions, and the R.-
value curves are generated based on (1). Based on (4),

the third curve is generated and referred to as R...v.. The
benefit of using this curve in certain cases is studied.

2 Heat Transfer Simulations

To study the effect of two-sided heat flux and R .-value
measurements following ISO 9869 [12] instructions,
simulations have been carried out in COMSOL
Multiphysics [22] to illustrate the thermal behavior of
the walls. The details and the boundary conditions
applied to these simulations are in accordance with
ISO9869 [12]. Six typologies are studied in which
homogeneous and heterogeneous walls are simulated
under climatic conditions.

2.1 Constructions and Typologies

The homogeneous wall is a common brickwork wall.
The heterogeneous walls include two two-layered
insulated walls of brick and Polyurethane, once placed
inside, and once outside. Similarly, two three-layered
walls with insulation and air in the middle (symmetric)
and a four-layered cavity wall are modelled. In Fig.2, the
six types are shown.
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Fig. 2. The construction of the six typologies of simulated
walls: single, double, triple, and four-layered fagades

The details of the constructions of the simulated walls
including their layers and materials as well as their
theoretical R -values (R.") are summarized in Table 1.

Table 1. Construction and materials used in the simulated
walls. The estimated R -value is based on thermal properties.

Type Typology Material(s) R m*KW']
1 Homogeneous L1: Common Brick 0.91
-si L1-L2: Brick
23 | Onesided = 4.00
Insulation L2-L1: Polyurethane
i L1-L3: Brick
4 Middle — 4.00
Insulation L2: Polyurethane
5 3-Layered L1-L3: Brick 0.62
Cavity Wall L2: Air Cavity )
L1: Facing Brick
4-Layered L2: Air Cavity
6 . 5.31
Cavity Wall L3: Polyurethane
L4: Wood-Cement

The thermal properties of the materials in each layer are
given in Table 2.
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Table 2. Material properties of different layers in the simulated
walls: thickness (/), thermal conductivity (k), density (p), and
specific heat capacity (C) of each layer are presented.

l k C
Type | Laver | o | itk | g | ke K7
1 L1 0.55 0.6 2400 840
L1-L2 0.2 0.9 2000 840
2,3 L2-L1 0.08 0.021 35 1320
4 L1,L3 0.2 0.9 2000 840
L2 0.08 0.021 35 1320
5 L1,L3 0.2 0.9 2000 840
L2 | 004 | k=KT) | p=n(D) | C=C(T)
L1 0.10 0.900 2087 87
12 | 004 | k=KT) | p=n(T) | C=C(D)
6 L3 0.10 0.021 35 1320
L4 0.09 0.350 1250 1470

2.2 Boundary Conditions

The walls’ boundary conditions include convective heat
transfer coefficient 25 Wm™2K™ for the outdoor air and
7.5 Wm™ K 'for the indoor air. The Infrared radiation is
lumped in forced and natural convection heat transfer
phenomena. The lateral sides are insulated and the initial
condition is an average temperature of 291 K for all solid
domains. In accordance with the instructions of ISO
9869 [12] (protecting the wall’s exterior surface via
screening), solar radiation, rain, snow, and wind are
excluded. The effect of solar radiation is investigated in
[21]. In Fig. 3, the boundary conditions applied to the
walls, exposed to heat convection (surface resistance o)
with indoor and outdoor air (temperature T”) are shown.
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Fig. 3. Boundary conditions applied to the simulations: indoor
and outdoor air temperatures and convective resistances

The air temperature profiles include outdoor temperature
from reference climate year deBilt 64-65 (a typical
climate year in the Netherlands) and the indoor air
temperature of 293 K (heating season) and 296 K
(cooling season) with a white noise of +£2 K magnitude.

3 Results and Discussion

The results of the simulations are presented in this
section. The first result refers to the homogeneous wall.
In addition to the high thermal mass in this construction,
the homogeneity of this construction results in a quite

stable symmetrical heat flux profile at two sides and
therefore, symmetrical curves of R.-values for inside and
outside surfaces. Accordingly, the average of the two
profiles, as derived in (4), converges much more quickly
to an accurate R.-value. This phenomenon is shown in
Fig 4. In all figures red and blue curves refer to R.-
values derived from indoor and outdoor heat fluxes
respectively. The dashed black curve is the average of
the two. Curves Rc-in and Rc-out are R and R, in (3).

Type 1: Common Brickwork

Rc-in
Rc-out
I Rc-ave
; R.2=0.91 m?KW-!
g A
m&)
R=0.93 mXKW-!
0
0 20 40 60

Day
Fig. 4. The simulation results for the homogeneous wall

Note that in case of a thin homogeneous wall, the chance
of finding symmetric profiles is lower. In such cases,
with no problem of the measurement duration, the indoor
heat flux results in a more stable R._value. In terms of the
thermal resistance measurement, the behavior of the
common brickwork wall (Fig 4) is similar to the ones of
red brick and concrete, reported in [21].

After the homogeneous wall, the heterogeneous walls are
modelled [21]. Two two-layered walls of brick and
insulation in which the insulation is once placed outside
(type 2) and once inside (type 3) are presented. In Fig. 5
and Fig. 6, the results of these two cases are depicted.

Type 2: Insulation Qutside

R =4 m?KW-!

— 4 —Ti ----------

=

&é R.=3.99 m?KW-!

b Rc-in

24 Re-out

------- Re-ave
2
0 10 20 30 40 50
Day

Fig. 5. The simulation results of the two-layered wall with
insulation placed on the outside surface

As seen in Fig. S, in contrast with conventional
suggestions (measuring the heat flux at indoor side), the
results based on outdoor heat flux measurements are
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more stable and therefore lead to a quicker achievement
of the R.-value.

Type 3: Insulation Inside
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Fig. 6. The results of the simulation of the two-layered wall
when insulation placed on the inside surface

The case of placing the insulation at the indoor side of
the wall (Fig. 6) results in an opposite behavior. The
indoor heat flux results much more quickly to the R.-
value.

As seen in Figs. 5 and 6, the location of the insulation
layer has shown a significant influence on the heat flux
and therefore, the results of the R.-value convergence.
The stability of the heat flux profile depends not only on
the air temperature profile, but also the heat conduction
and accumulation through the solid domain. This effect
in the modelled construction can become dominant to the
air temperature fluctuations and therefore determining
the event of R.-value curves’ convergence at either side.
Note that other disturbances such as solar radiation are
already neglected as stated in the standard method.

Once the insulation (and therefore the stability effect of
heat conduction and accumulation) is put in the middle,
the effect is divided between the two halves of the wall,
letting the air temperature profile determine the event of
R.-value convergence. In Fig. 7, the results of the same
two-component wall are shown when the insulation layer
is in the middle.

Type 4: Middle Insulation
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Fig. 7. The simulation results of the two-layered wall with
insulation placed in the middle (type 4)

In Fig. 4, resulting from the air temperature fluctuation
at the outdoor surface, the heat flux at this layer is less
stable than the one of indoor surface. This leads to the
quicker convergence of the Rc-in graph than the one of
the Rc-out.

As seen from Figs 5, 6, and 7, as the convergence time
of the R -value is a function of the heat flux stability, in
a two-component wall with a strong insulation layer, is a
function of the location of the insulation. In a two-
component wall of thickness L, as the location of the
insulation changes from indoor to outdoor (0 to L), the
required measurement time for Rc-in increases as the
one of Rc-out decreases. This effect is shown in Fig. 8,
for the simulated walls (types 2, 3, and 4).

As the construction of the walls can be unknown, the use
of two heat flux meters at two sides will help in finding
the R -value much quicker in any case.

Convergance time of two-component
insulated wall

60
% Re-in
a Rce-out ’
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Fig. 8. The correlation between the location of the insulation
and the convergence time of the R -value graph based on heat
flux measurements at either of the sides (indoor and outdoor)

Being very popular for the performance, the cavity walls
are widely used in the buildings. In Fig. 9, the result of
the simulation of a symmetrical three-layered cavity wall
is presented. As the insulation provided by the cavity is
low, this case should not be confused with type 4 where
instead of the air, Polyurethane is in the middle.

Type 5: 3-Layered Cavity Wall

Re-in
Re-out
------- Rc-ave

E; 075 | R.0=0.62 m?KW-!

¥ \
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0.25
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Fig. 9. The simulation results of the symmetrical (3-layered)
cavity wall
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As seen in this typology, the performance is similar to
the one of homogeneous walls. Accordingly, the Rc-ave
curve converges much more quickly to the correct value.

Finally, the results of a four-layered cavity wall with
cavity placed closer to the outdoor surface are presented
in Fig. 10.

Type 6: 4-Layered Cavity Wall

R=5.45 Rc-out
2 -1
S — Rc-ave
2
0 10 20 30 40

Day

Fig. 10. The results of the simulations: four-layered cavity wall
with cavity placed closer the outside surface.

As seen in the graphs, similar to type 2, in the four-
layered cavity wall, the R .-value based on the exterior
side’s heat flux measurements (Rc-out) converges much
quicker to the correct R -value.

4 Conclusion

An extension [21] to the Average method of ISO 9869
[12] standard was investigated and further studied. From
the results of the heavy-constructed common brickwork
homogeneous wall, it is concluded that in heavy
homogeneous constructions, the average of the two R.-
values, based on indoor and outdoor heat fluxes,
converges much earlier to the correct value. Therefore, it
is beneficial to use the second heat flux meter and use
the average to shorten the measurement period. The
same conclusion can be drawn for the case of symmetric
walls, when the middle layer does not have a much
different R -value. Accordingly, the 3-layered cavity
wall (type 5) has shown a similar behavior to the
homogeneous walls where taking the average value of
the two R-values of indoor and outdoor heat fluxes are
of great benefit in terms of time efficiency.

The case of a heavy insulation in the middle (type 4)
shows the same behavior as a light construction as it
divides the wall into two individual light constructions
whose heat fluxes are mainly affected by the heat
convection (air temperature profile) and therefore, letting
the indoor heat flux result in a quicker achievement of
the R.-value. Analyzing the results of this type next to
the results of the two-component walls with brick and
polyurethane has shown the effect of the location of the
insulation on the speed of the convergence of the R.-
value graph. The closer the insulation gets to the outdoor
surface, the quicker the outdoor heat flux R .-value graph

converges to the correct value, and vice versa. In case
the insulation layer is placed at the outdoor surface (type
2), it is much quicker to use the outdoor heat flux to
derive the R -value whereas for the insulation at the
indoor surface (type 3) it is the opposite. The four-
layered asymmetric cavity wall (type 6) has shown a
similar behavior as type 2 as the insulation was closer to
the outdoor surface. As the construction of the walls are
generally unknown, it is always of great necessity to use
two heat flux meters at both sides of the wall and to
derive and generate the tree R.-value curves, the ones
based on outdoor and indoor heat fluxes and the average
of the two. Monitoring the three curves leads to finding
the quickest converging curve and therefore the correct
R.-value in a much shorter time.
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