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Abstract
The aim of this paper is to evaluate summer thermal inertia in high porosity limestone old buildings.
These buildings have to be retrofitted to save energy. Consequently, this paper focuses on the effects
of insulation on this property. Monitoring surveys were carried out in an experimental room and in
five single-family houses.
In summer, thermal inertia may vary in a same building according to the localization of the room and
the insulation. The analysis of monitoring data before and after insulation of the experimental room
allows to highlight the improvement of thermal inertia of the room thanks to insulation: the decrement
factor is divided by 10 and the time lag increases by 4 hours. These results are confirmed by single-
family houses measurements. The decrement factors of insulated limestone rooms are lower (0.10)
than non-insulated ones (0.17) and the time lag increases by 3 hours with insulation.
Insulation of Tuffeau stone rooms does not cause overheating conditions in summer.
These results indicate the benefit of insulation on this passive design. For these buildings, insulation
reduces the temperature amplitude in summer and delays the maximum of temperature during the
night.
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1. Introduction

The current energy and environmental constraints lead governments to be interested in building sector.
Indeed, it represents nearly 40% of global energetic consumption and the residential part composes
22% [1]. In France, three main periods of construction characterize the entire housing stock. The first
part was built before 1948 [2]. These buildings are presented as old buildings. They are distinguished
by a social, historical and cultural heritage. The industrialized buildings submitted to economic
constraints compose the second part of the housing stock (1948-1975). The last part represents the
buildings which consume less energy. They respect the thermal regulations since 1975.

The annual growth of the building stock in France is around 1% [3]. Therefore, retrofitting of existing
stock is a major lever to save energy. The French old buildings represent 10 millions of dwellings. It is
a third part of the entire housing stock. They depend on the material available on site and on the local
style of construction (wall thickness, floor composition, etc.). Consequently, they are heterogeneous
and the characterization of the old building stock is difficult because of this variability. Zhai and al. [4]
link the traditional buildings construction to the climate. The global vernacular architecture may be
classified according to the main weather conditions in the world [5,6]. For example, Oikomou and al.
[5] characterize the architecture of Greek dwellings and underline that these buildings are submitted to
environmental aspects as main wind direction, rain direction, etc. All these studies underline that the
passive design used on old buildings is an advantage for comfort and energy consumption.

Thermal inertia is a passive design famous in old buildings. It is defined by Ferrari [7] as the heat
storage capacity of building structure and its performance to delay the heat transmission. Orosa and al.
[8] compare experimental measurements in an old school and in a new one. Their analysis underlines
that the design of the old school (heavy structure, high thermal inertia, etc.) gives a better summer
thermal comfort than in the new one. Moreover, Martin and al. [9] study two old houses in Spain.
They benefit of a good summer comfort without cooling system. The heavy structure of these houses
maybe explained these results. Brau and al. [10] have compared the thermal behaviour of a room with
heavy construction (concrete walls) to a room with low thermal inertia (wood walls). With the same
geometry and the same climate, the room with heavy concrete construction had a better summer

comfort than the other. However, heavy structure and high thermal inertia is not only benefiting for



summer comfort but also for heating needs. However, the energy gains due to this phenomenon may
be very different from buildings and climate as Aste explained it [11].

Retrofitting solutions may affect the thermal inertia of the buildings. Several studies focus on the
compromise between thermal inertia during summer and energy savings in winter. Di Perna and al.
[12] analysed the effect of an internal insulation on the thermal behaviour of classrooms. In this case,
the thermal inertia of these rooms is degraded with the insulation. Fang and al. precise in [13] that
insulation may increase energy consumption for cooling during summer. Stazi and al. [14] compare
three different walls and conclude that internal insulation may cause overheating problems. However,
the localisation of the insulation and its density affect the thermal inertia of a wall [15]. External
insulation seems to be better for summer thermal comfort than internal insulation [16].

In France, 45% of old buildings have been built with stone [17].Among the diversity of existing
stones, limestone represents 20% of the total sedimentary stock. It is used for constructions in
sedimentary basins in France. The high porosity limestone was widely used because it was easy to
sharpen [18]. For example, Tuffeau stone is a high porosity limestone found in the Loire Valley in
France. Its porosity varies from 35% to 45% [19]. This kind of buildings has to be retrofitted but the
selection of a retrofitting solution is a complex process. Indeed, it is a compromise between historical
preservation, energy consumption improvement, structure degradation risk and occupant behaviour
conservation and/or improvement [20,21]. For example, the architectural preservation prevents from
some retrofitting actions as external insulation. Moreover, the specific hygrothermal behaviour of old
masonry may degrade the thermal performances of internal insulation and the structure of the wall
[22].

Consequently, insulation must be analysed according to many criteria in Tuffeau stone building:
thermal inertia, thermal performance and wall degradation. The aims of this paper are to assess the
summer thermal inertia of Tuffeau stone buildings and to assess the effect of internal insulation on this
passive design. Monitoring surveys were achieved out on an experimental room and five Tuffeau
stone houses. The experimental room was monitored during two summers before and after internal

insulation. Thermal inertia of the wall and of the ambiance is compared before and after insulation



with theoretical indicators. The five buildings have different characteristics and levels of insulation.

The thermal behaviour of the cases was analysed according to their retrofitting thermal level.

2. Thermal inertia indicators

Thermal inertia is a passive method to store heat energy and to delay its restitution. This phenomenon
is associated with the thermal mass of construction elements. Its characterization used generally two
dynamic indicators [23,24]: the decrement factor (f) and the time lag (¢).The decrement factor

evaluates the heat storage capacity and the time lag characterizes the heat transmission delay (Figure

1.

Two kinds of thermal inertia may be distinguished: the construction elements and the “building
system”. The “Building system” takes into account the construction elements, the interaction with
outdoor environment and the use of the building (ventilation, internal loads, and occupancy).

The thermal inertia of the construction elements (walls) depends on the thermal properties of materials
[23] (thermal conductivity, specific heat capacity and density). However, other parameters than walls
materials may affect the thermal inertia of the building. The air change rate modifies the indoor
temperature and consequently the thermal inertia. A high air change rate decreases the thermal inertia
as explained by Orosa and al. [8] and Roucoult and al. [25]. The solar irradiation varies according to
the orientation and causes differences in boundary surface conditions [26,27]. Thus, thermal inertia is
affected by room orientation. Moreover, high internal loads may decrease the thermal inertia of a room
thanks to the modification of indoor temperature [12].

In this paper, the wall thermal inertia is characterized by the decrement factor and the time lag
between inside surface temperature and outside surface temperature (Equations (1) and (2)) as

presented in Figure 1:
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The building is considered as a volume which separates two environments (indoor and outdoor) as for
a wall. The time lag and the decrement factor characterize the thermal inertia of the building. The
difference of calculation with the wall indicators is the outdoor temperature: for the wall, it is the
outdoor surface temperature, for the ambiance, it is the outdoor air temperature.

The decrement factor for a room is defined by the following equation (3):

fa — :;i — Tamax,int_Tamin,int (3)

a —_Ta_ .
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And the time lag for a room (4):
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3. Experimental procedure

3.1. Monitoring procedure of an experimental room

In 2012, an experimental room was built in Angers (France, 47°25°00’N — 0°31°23”’W). It has a
surface area of 15 m? and a height of 3 m. The room is located next to three heating zones so just one
wall is in contact with the outdoor. The facade (wall of the room in contact with the outdoor) is made

of Tuffeau stone of 0.22 m (wall a in Figure 2) and is oriented south.

To stop the heat and moisture transfers between different zones, the three inner walls (b, c and d in
Figure 2) and the ceiling are insulated by 0.10 m of fiberglass and a vapour barrier. The floor is
composed of vinyl on concrete slab.

There is no mechanical ventilation. The air exchange is due to the surface leakages. The air change
rate (ACH) at 50 Pa of the experimental room has a value of 4.3 h”'. Consequently, this case

corresponds to an average tightness level [28]. The room is not occupied.



The hygrothermal conditions of the indoor environment are monitored. The air temperature is

measured at 1.80 m in the middle of the room to avoid thermal convective effects of walls. The outer
wall is monitored in four points: left and right to take into account the other zones effect at the height
of 0.50 m and 2.50 m (Figure 3). Temperature was measured in three depths in Tuffeau stone: 0.05 m

from the surfaces to study the boundary effect and in the middle of the stone (0.11 m).

The monitoring was realised during several months from August 1* of 2012 to May 15", 2013.

During June 2013, the experimental room was insulated by 0.15 m of hemp concrete. The thermal
resistance of the wall increases from 0.55 m2.K/W to 2.6 m2.K/W. The low limit to retrofit wall of R=2
m2.K/W is defined in the French thermal regulation for existing buildings [29].The physical and
thermal characteristics of the Tuffeau stone and of the insulation are presented in Table 1 [19], [29].
One sensor was put in the hemp concrete (Figure 4). The monitoring of the insulated room was

conducted from July 8"toJuly 22", 2013.

The devices used for monitoring temperature are Rotronic data loggers (HC2 for the ambiance and the
wall and AC1913-A for the surface temperature). Their accuracy is + 0.1°C for the ambiance and the
wall and £0.15 °C for the surface temperature sensor. The time step for monitoring is 5 minutes.

A local weather station measures the in situ climatic conditions.

3.2. Monitoring procedure on in situ single-family houses

Five single-family houses were selected for this study. Table 2 presents the characteristics of the five
houses.

In each house, some rooms were monitored. Overall, 18 rooms are studied (Table 3).

For the 18 rooms, the indoor hygrothermal conditions were monitored during one month of summer.
For the buildings A to C, the measurements were conducted from August 1%, 2011 to August 31%,
2011, for the building D from August 1*, 2012 to August 31*, 2012 and the building E was monitored

from July 1%, 2013 to July 24", 2013.



The occupancy of the room cases corresponds to an active family. During the week day, people are
only presented in the night, during lunches and in the evening. During week-end, people are generally
presented during the whole day.

The devices used for monitoring temperature are ONSET data logger with an accuracy of + 0.35°C.
The time step for monitoring is 10 minutes to preserve the memory storage.

The weather conditions (temperature and relative humidity) were measured by MeteoFrance weather
station (The French national weather service) in Beaucouzé near the 5 single-family houses (Lat

47°28°42’N, Long 0°36°48”°W). The time step for monitoring is one hour.

4. Results and analysis

4.1. Analysis of monitoring results on the experimental room

In this first part, the theoretical values of thermal inertia of the wall are calculated. They are compared
to experimental indicators before and after insulation. Then, the thermal ambiance behaviour was

analysed according to the insulation or non-insulation of the Tuffeau stone wall.

4.1.1. Wall thermal behaviour analysis

The dynamic properties of the non-insulated wall and of the insulated one were evaluated according to
the international standard EN ISO 13786 [30]. This method is based on admittance procedure. In this
paper, two indicators were calculated: the decrement factor (f) and the time lag (¢) for temperature

delay. The theoretical results are compared to experimental ones.

The experimental decrement factor and the time lag are calculated for each day of the monitoring
periods before and after insulation. Outdoor surface temperature was used for the calculation
(Equations (1) and (2)). Table 4 presents the average and the standard deviation of both thermal inertia
indicators of each wall points before insulation (from August1®, 2012 to August31*, 2012) and after
insulation (from JulyS‘h, 2013 to July 22 2013) and the theoretical results for the non-insulated wall
and the insulated one.

The standard deviation of the decrement factor is low (from 0.01 to 0.06) and is constant with

insulation so the decrement factor does not vary significantly during the monitoring periods. For



example, the minimum of decrement factor is 0.39 and the maximum 0.57 before the insulation for the
0.05 m point.

The standard deviation of the time lag is lower than one hour for the Tuffeau stone point. In the
insulation, the time lag varies from 8 hours to 16 hours. The heterogeneity of the hemp concrete could
explain the significant variation of time lag during the summer. The heat transfer may be not linear.
On the contrary, Tuffeau stone is a homogeneous material [19] and present less variation during the
monitoring periods.

In the following part, the analysis is focused on one day of each period. The selected days are the ones
with the highest outdoor temperature amplitude: August18™, 2012 (before the insulation) and July21*,
of 2013 (after the insulation). Table 5 gives the weather conditions of these two days.

Figure 5 and Figure 6 present the decrement factors and the time lags according to the depth before

and after insulation of the wall and the theoretical values.

In the Tuffeau stone, the decrement factor is steady with insulation (Figure 5) and the time lag
increases about one hour (Figure 6). The dynamic evolution of temperature in the Tuffeau stone is not
affected by insulation.

Insulation has a different behaviour than Tuffeau stone: the decrement factor decreases significantly
from the Tuffeau stone to the insulation. It is divided by 10. Consequently, the variations of
temperature are less important in the insulation. Regarding to the time lag, the difference is less
significant: the time lag increases by 3 hours. The thermal conductivity (Table 1) of the insulation
(0.07 W/m.K) is lower than that of Tuffeau stone (0.4 W/m.K). Consequently, the heat transfers are
braked from the Tuffeau stone to the indoor ambiance by insulation. Moreover, the specific heat of
hemp concrete is higher than the Tuffeau stone one (1700 J/kg.K and 1000 J/kg.K for Tuffeau stone).
The insulation needs more energy to cause a temperature change.

Theoretical values are different from experimental ones. The experimental measurements underline a
better decrement factor than theoretical values. On the contrary, the theoretical time lags are mainly
higher than the measured ones. Moreover, the standard results underline a continuous evolution of

thermal inertia indicators with the insulation (Figure5and Figure 6). This continuity is not observed



experimentally. The differences may be explained by the contact between insulation and Tuffeau
stone. Contrary to theoretical hypothesis, the contact is not perfect. Moreover, the EN ISO 13786
procedure considers sinusoidal boundary conditions for the indicators calculation. As explained by
Gasparella and al. [31], theoretical thermal inertia indicators may be different from experimental

values because of the non-sinusoidal boundary conditions of experimental case.

4.1.2. Volume thermal behaviour analysis

The effect of the insulation on the thermal inertia of the room (volume) is analysed. As for the
experimental room, both thermal inertia indicators are calculated on the days with the highest outdoor
temperature amplitude. The indoor and outdoor temperature evolutions are presented before and after

insulation in Figure 7 and Figure 8.

The average temperatures are equivalent for these two days: 27.5°C. In both cases, indoor
temperatures suffer fewer variations than outdoor temperature. The indoor amplitude is 2.3°C before
insulation and inferior to 1°C after insulation instead of outdoor amplitude superior to 14°C before and
after insulation (Table 5). The maximum of outdoor temperature are not reached at the same time the
AugustlSth, 2012 (16:00) and July21*, of 2013 (14:00). In August 18™ 2012, the maximum was
reached at 21:00 contrary to 23:00 in July 21%, 2013. .

Table 6 gives the decrement factor and the time lag of the room before and after insulation for the wall
and for the volume. The decrement factor of the volume is divided by 2.6. Consequently, the
insulation has reduced the temperature variation in the room. The time lag has significantly increased
(5 hours to 9 hours).

Thermal inertia indicators of the volume are different from the wall (Table 6). Other parameters than

walls affect the volume.

4.2 Analysis of in situ monitoring in 5 single-family houses



The thermal inertia of the 18 rooms in single-family houses is analysed. The rooms are classified in
four categories according to their localisation in the building (attic spaces or not) and their insulation
(Figure 9, Figure 10 and Figure 11):

- Non-insulated attic spaces (1 case)

- Insulated attic spaces (4 cases)

- Non insulated Tuffeau stone rooms (4 cases)

Insulated Tuffeau stone rooms (9 cases)

The results on the experimental room underline few variations of the thermal inertia indicators with
the weather conditions (Table 4). Thus, the decrement factor and the time lag of the 18 cases are
calculated during the day with the highest outdoor temperature variation of the monitoring periods.
The attic spaces have the highest decrement factors (Figure 9). They vary from 0.25 to 0.55 for the
insulated attic rooms. Consequently, these rooms have high indoor temperature variations during the
day. This low thermal inertia may be explained by the solar absorption coefficient and the incidence
of solar irradiance. Indeed, Kontoleon et al. [32] explain that darker the outer material is, lower the
thermal inertia is. Moreover, the orientation affects the received solar irradiance. The roof is composed

of slate (black material) contrary to the Tuffeau stone (white stone).

The Tuffeau stone rooms have a better decrement factor when they are insulated. Indeed, the average
of decrement factor for the four non-insulated Tuffeau stone rooms is 0.17 and it is 0.10 for the
insulated ones (Figure 9). As for the experimental room, the insulation may reduce the indoor
temperature variations in Tuffeau stone rooms.

The time lags of attic spaces and non-insulated Tuffeau stone rooms are close (Figure 10). The average
is 4.3 hours for both categories.. The insulation increases the time lag of Tuffeau stone rooms. The
average is increased by 3 hours. For a maximum of outdoor temperature at 14:00, the indoor
temperature reaches its maximum at 22:00 instead of 18:00. Consequently, as for the experimental
room, the insulation permits to reduce temperature variation and to delay the restitution of heating

during the night.
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Thermal inertia is generally associated to summer thermal comfort. Insulation improves thermal
inertia in these cases but it may cause overheating. The average temperatures during monitoring
periods vary from 21.5°C to 23.9°C for the 18 cases. These temperatures are comfortable however the
variations may be large. Consequently, the percentage of time when indoor temperature is higher to
27°C is calculated during one month of summer (Figure 11). The temperature limit has been selected

according to the French thermal regulation [29].

The warmest rooms are the attic spaces with an average of 10% for the percentage of time with a
temperature superior to 27°C. The other rooms rarely exceed 27°C. The relation between thermal
inertia and summer comfort underlines the benefits of high thermal inertia for indoor thermal comfort
(Figure 12). High decrement factors cause more overheated temperatures in the rooms. Insulation does

not cause warmer conditions in the Tuffeau stone rooms.

In a same building and a same category, the thermal behaviour may be different. Parameters presented
in paragraph 2 may explain the differences. The following analysis focuses on cases with specific
thermal inertia which highlight variable behaviour.

For example, for the building E, the non-insulated Tuffeau stone rooms E_3 and E_4 have respectively
a decrement factor of 0.24 and 0.07. Three reasons may explain this difference as presented in
paragraph 2. The thickness of the wall is 0.22 m for the case E_3 and varies from 0.50 to 0.70 m for
the case E_4. The thermal inertia of the elements is different for both cases. Moreover, the orientation
of these rooms is different: North, South and West for the case E_3 and North/South for the case E_4.
The case E_3 benefits from more solar radiation which may cause higher temperature variations
(amplitude of 3.9°C) than E_4 (1.1°C of temperature amplitude). Finally, the case E_3 represents
kitchen behaviour with high internal loads during mealtimes.

The case A_2 in the category of insulated attic spaces present some differences with the other cases of
this category. Its percentage of overheated room is really low (2%) and it is the case with the better
decrement factor in this category. The comparison of the theoretical decrement factor of the element of
attic spaces (Table 7) underlines the low decrement factor of the roof of case A_2 (0.11). On the

11



contrary, the roof decrement factor is from 0.88 to 0.98for the other attics spaces. The low
experimental decrement factor of this room may be explained by the coating made of lime and hemp
used for roof insulation.

5. Conclusions

The main objective of this paper consisted in assessing the thermal inertia of old limestone buildings
in summer and determining the impact of a retrofitting solution on thermal behaviour of these
buildings.

Two monitoring surveys were achieved out on an experimental room and five Tuffeau buildings. In
summer, thermal inertia may vary in a same building according to the localisation of the room (attic or
not) and according to the material (thickness, insulation, etc.). The decrement factor of occupied
Tuffeau stone buildings vary from 0.07 to 0.54 and the time lags from 3 to 8 hours. Moreover, Tuffeau
stone rooms are comfortable during summer. Indeed, the percentage of time with overheating
conditions does not exceed 13% of summer in these cases.

Analysis of monitoring data on the experimental room before and after insulation underlines that
internal insulation with hemp concrete improves thermal inertia of the room in summer. The
decrement factor is divided by 10 and the time lag is increased by 4 hours in the room. These results
are confirmed by in situ monitoring. The decrement factor of in situ rooms is 0.17 for non-insulated
Tuffeau stone rooms and is 0.10 for insulated Tuffeau stone rooms. The time lag increases by 3 hours.
Insulation allows a decrease of the indoor temperature variations and delays the maximum of indoor
temperature.

The attic spaces have a lower thermal inertia than the Tuffeau stone rooms: their decrement factor is
0.37 and their average time lag is 4.3 hours.

These experimental results underline the advantages of insulation for thermal inertia on Tuffeau stone
buildings. However, the decision of a retrofitting solution is a complex process and these actions have

to be analysed on other criteria as thermal comfort or energy savings.
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Tables

Table 1: Thermal characteristics of Tuffeau stone and insulation

Tuffeau stone Insulation (Hemp concrete)
Thickness (m) 0.22 0.15
Density (kg/m3) 1400 300
Specific heat (J.kg-1.K-1) 1000 1700
Thermal conductivity (W/m.K) | 0.4 0.07
Table 2: Single-family houses characteristics
Building A B C D E
Pictures _—a
Latitude 47°15°38°N 47°35°47°N 47°08°07°N 47°24°34°N 47°19°31”
Longitude | 00°24°23°E 00°10°51”’W | 00°07°19”°E 00°19°10°W | 00°03°19”’
Ventilation | Natural Natural Dual flow Natural Natural
Occupancy | 2 people 4 people Variable 2 people 2 people during
(accommodati weeks, 4 people
on) during week-ends
Number of | 2 3 P 4 4
monitored
rooms
Table 3: Room cases characteristics
Roo Date | Use Attic Ele- | Building components | Thermal Orientation
m space | ment transmittan
cases ce (W/m.K)
A_l 16"c. | No use Yes Roof | Slate 16.7 North/South
Wall | 0.55 m of Tuffeau 0.73
stone
A2 16". | Bedroom | Yes Roof | Slate 0.63 North/South
0.26 m of coating
made of lime and
hemp
Wall | 0.55 m of Tuffeau 0.73
stone
B_1 16"c. | Kitchen No Wall | 0.65 m of Tuffeau 0.51 East/West
stone
0.06 m of coating of
lime and hemp
B 2 19" c. Library No Wall | 0.22 m of Tuffeau 1.11 East/West
stone
0.06 m of coating of
lime and hemp
B_3 | 19%. | Living No Wall | 0.22 m of Tuffeau 1.11 East/West
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room

stone
0.06 m of coating of
lime and hemp

16" c.

Bedroom

Wall

0.50 m of Tuffeau
stone

0.15 m of plasterwork
bricks and chenevotte

0.29

West

16Mc.

Bedroom

Wall

0.50 m of Tuffeau
stone

0.80

East

C.3

16" c.

Bedroom

Yes

Roof

Slate
Thin multilayer
insulation

3.84

Wall

0.50 m of Tuffeau
stone

0.15 m of plasterwork
bricks and chenevotte

0.29

East/West

C. 4

16" c.

Bedroom

Wall

0.50 m of Tuffeau
stone

0.15 m of plasterwork
bricks and chenevotte

0.29

East

C.5

16" c.

Living
room,
kitchen

Wall

0.50 m of Tuffeau
stone

0.8

West

18" ¢c.

Bathroom

No

Wall

0.22 m of Tuffeau
stone

0.20 m of wood wool
Vapour barrier

0.16

North

18" ¢c.

Corridor

No

Wall

0.22 m of Tuffeau
stone

0.20 m of wood wool
Vapour barrier

0.16

South

18" ¢c.

Kitchen

No

Wall

0.22 m of Tuffeau
stone

0.20 m of wood wool
Vapour barrier

0.16

North/South

D 4

18" ¢c.

Living
room

No

Wall

0.22 m of Tuffeau
stone

0.20 m of wood wool
Vapour barrier

0.16

North/South

19" c.

Bathroom

Yes

Roof

Slate
0.10 m of fiberglass
Vapour barrier

0.26

Wall

0.22 m of Tuffeau
stone

1.81

South

E 2

16" c.

Bedroom

Yes

Roof

Slate
0.10 m of fiberglass
Vapour barrier

0.26

Wall

From 0.50 m to 0.70 m
of Tuffeau stone

0.57-0.8

North/South

E 3

19" ¢.

Kitchen

No

Wall

0.22 m of Tuffeau
stone

1.81

North/West/S
outh

E 4

16" c.

Living
room

Wall

From 0.50 m to 0.70 m
of Tuffeau stone

0.57-0.8

North/South
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Table 4: Average and standard deviation of the decrement factor and the time lag before and
after insulation for each wall point

Wall Before insulation After insulation Theoretic
measur al values
ements () o(h) f(-) o(h) f ¢
point Aver | Standard | Aver | Standard | Aver | Standard | Aver | Standard (h)
age | deviation | age | deviation | age | deviation | age | deviation
0.05m | 0.51 0.05 1.5 0.7 0.50 0.03 2.2 0.6 09 |19
7
0.11m | 0.34 0.05 3.4 0.6 0.35 0.03 4.8 0.6 0.8 | 52
0
0.17m | 0.26 0.05 4.7 0.8 0.29 0.05 6.0 0.6 05179
5
022m | 0.23 0.05 5.5 0.7 0.29 0.06 6.6 0.7 0.3 | 10.
8 1
0.295 0.03 0.01 13.2 2.1 0.1 | 14.
m 6 6
0.37 m 0.0 | 20.
8 0

Table 5: Weather conditions during the 18" August of 2012 (before insulation) and the 21% July
of 2013 (after insulation)

Before insulation | After insulation

18" August, 2012 | 21 July, 2013
Daily average temperature (°C) 27.5 27.0
Maximum temperature (°C) 36.8 34.9
Minimum temperature (°C) 17.8 20.7
Maximum horizontal solar irradiance(W/m2) 774 778
Horizontal solar irradiation on the day (kWh/m?2) 6.4 6.4
Daily average wind speed (km/h) 2.0 2.8
Maximum wind speed (km/h) 8.0 12.9
Minimum wind speed (km/h) 0.0 0.0

Table 6: Ambient thermal inertia indicators of the experimental room before and after

insulation
Volume Wall
Before insulation After insulation | Before insulation After insulation
(18" August, 2012) | (21 July, 2013) | (18" August, 2012) | (21* July, 2013)
Time lag (h) 5 9 5 10
Decrement factor 0.12 0.05 0.24 0.03

¢)
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Table 7: Comparison between theoretical decrement factor of element and experimental

decrement factor of volume in attic spaces

Room Elements | Theoretical decrement factor of | Experimental decrement factor of room

cases element cases

A_l Roof 0.99 0.91
Wall 0.02

A2 Roof 0.11 0.25
Wall 0.02

C3 Roof 0.98 0.55
Wall 0.006

E_1 Roof 0.88 0.33
Wall 0.08

E 2 Roof 0.88 0.35
Wall 0.03 - 0.0045
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Figures

Figure 1: Thermal inertia indicators

Figure 2: Scheme of the experimental room

Figure 3: View of the four measurements points of the Tuffeau wall

Figure 4: Cross section of the measurements points in the Tuffeau wall and the insulation
Figure 5: Decrement factor of the measurement points in the wall before and after insulation
Figure 6: Time lag of the measurement points in the wall before and after insulation

Figure 7: Outdoor and indoor temperature variations before insulation (18" August of 2012)
Figure 8: Outdoor and indoor temperature variations after insulation (21* July of 2013)
Figure 9: Decrement factor of 18 room cases

Figure 10: Time lag of 18 room cases

Figure 11: Percentage of time with indoor temperature superior to 27°C

Figure 12: Correlation between thermal inertia and indoor summer comfort
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Highlights

Temperatures have been monitored in 5 old limestone buildings.

Thermal inertias of these cases have been calculated.

Internal insulation improves thermal inertia indicators in old limestone buildings.

There are not overheating conditions in non-insulated and insulated limestone rooms.



