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RESUMEN

En este trabajo se pretende determinar la conductividad térmica de diferentes elementos constructivos de tierra
producidos con materiales caracteristicos del centro este de la provincia de Santa Fe (Argentina) y evaluar su aptitud
para ser empleados en la construccién de envolventes que cumplan con los requerimientos de aislacion térmica
solicitados por la normativa nacional correspondiente. Para ello se confeccionaron probetas siguiendo las diferentes
técnicas de construccidn con tierra empleadas en la regién (bloque de tierra comprimida, adobe, tapia, quincha
y revoques) y se midié su coeficiente de conductividad térmica, con el cual se calculé la transmitancia térmica de
diferentes paquetes constructivos de tierra. Los resultados obtenidos indican que las técnicas de construccion con
tierra evaluadas presentan, en todos los casos, un mejor desempefio térmico que los tradicionales muros de ladrillo
cerdmico macizo o bloques de hormigén, siendo la quincha la técnica con mayor capacidad de aislamiento térmico.

Palabras clave
aislamiento térmico, muros, materiales de construccién

ABSTRACT

The aim of this work is to determine the thermal conductivity of different earthen constructive elements produced with
materials typical of the central-eastern part of the Province of Santa Fe (Argentina), and to evaluate their suitability to be
used in the construction of envelopes that comply with the thermal insulation requirements of the corresponding National
Regulations. For this purpose, test specimens were made following the different earth construction techniques used in the
region (compressed earth block, adobe, rammed earth (tapia), wattle and daub (quincha), and plaster), and their thermal
conductivity coefficient was measured, with which the thermal transmittance of different earth construction packages was
calculated. The results obtained indicate that the earth construction techniques evaluated show, in all cases, a better thermal
performance than traditional solid ceramic brick or concrete block walls, with wattle and daub being the technique with the
highest thermal insulation capacity.

Keywords
climate change, housing, sustainable development, resilience

RESUMO

O objetivo deste trabalho é determinar a condutividade térmica de diferentes elementos construtivos de terra produzidos
com materiais caracteristicos do centro-leste da provincia de Santa Fé (Argentina) e avaliar sua adequagdo para uso na
construgdo de envelopes de edificios que atendam aos requisitos de isolamento térmico dos regulamentos nacionais
correspondentes. Para isso, foram feitos corpos de prova de acordo com as diferentes técnicas de construgdo com terra
utilizadas na regido (bloco de terra comprimida, adobe, tapia, quincha e gesso) e foi medido seu coeficiente de condutividade
térmica, com o qual foi calculada a transmitancia térmica de diferentes pacotes construtivos de terra. Os resultados obtidos
indicam que as técnicas de construgdo com terra avaliadas apresentam, em todos os casos, melhor desempenho térmico
do que as tradicionais paredes sélidas de tijolos cerdmicos ou blocos de concreto, sendo a quincha a técnica com maior
capacidade de isolamento térmico.

Palavras-chave:
isolamento térmico, paredes, materiais de construgéo.
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INTRODUCTION

The use of context-appropriate envelopes, when
faced with a continuous rise in international energy
prices and the need to support global efforts to
mitigate global warming, becomes a strategy to
improve the energy efficiency of buildings. The
choice of suitable envelopes has benefits, not only
in terms of obtaining energy savings for spaces,
improving the indoor microclimate, and reducing
polluting emissions, but also regarding the
project’s technical and economic viability (Balter
et al., 2020).

In this context, the potentialities of earthen-
built enclosure walls can be highlighted,
whose historical continuity is largely due to the
abundance of its raw material, the economy of its
construction processes, its bioclimatic qualities,
and the harmony of its interrelation with its natural
environment (Pacheco-Torgal & Jalali, 2012). This
is known, sustained, and defended by the peoples
with their local traditions, especially those linked
to the ancestral worship of Mother Earth, who with
popular wisdom produce architecture adapting it
to the climate and customs of each site and society
(Fernandes et al., 2019).

There are numerous construction techniques and
systems that use earth as the predominant raw
material (Rotondaro, 2018). However, these can be
simply classified within the following categories:

* Mixed techniques: The earth is used as a filling
and covering material, using an independent
load-bearing structure, usually built with
wood. The most commonly used techniques in
Argentina are wattle and daub (quincha), which
is characterized by its secondary structure of
reeds or wooden slats equally spaced between
10 and 15 cm apart and arranged horizontally
or diagonally; the lightened earth or formwork
straw and the elongated mass (enchorizado)
(Esteves & Cuitino, 2020).

* Monolithic techniques: Monolithic walls with
load-bearing capacity are built using direct
molding by hand or mobile formworks filled
with compacted or poured mortars. The
greatest exponent of these techniques is the
rammed earth (tapia) (Tepale Gamboa, 2016).

e Masonry techniques: Those that use
prefabricated small-sized components,
produced before building the house. These
components attach to each other using earthen
mortars. The walls built with compressed earth
blocks (CEB) or adobe are examples of these
techniques (Dorado et al., 2022).

One of the most important characteristics of earth
as a building material is related to its thermal
properties, in particular its ability to transmit heat.
This capacity can be defined based on one of
its fundamental physical properties: the thermal
conductivity coefficient (A), whereby the thermal
transmittance of an envelope (K), directly linked to
its thermal insulation, can be determined (Cuitifio
et al., 2020).

Despite extensive literature on the thermal
properties of materials, research on the thermal
conductivity coefficient of earthen building
elements produced with materials from the Province
of Santa Fe (Argentina) has not been published
in academic texts, which makes it impossible to
accurately calculate the thermal transmittance of
enclosure walls built with these elements.

With regard to the regulatory framework in
Argentina, several standards define guidelines for
the thermal conditioning of buildings. For example,
the IRAM 11601:2010 Standard establishes the
apparent density and thermal conductivity of the
country’s most widely used construction materials
and the calculation procedure to determine
the thermal resistance and its inverse. It also
determines the thermal transmittance (K) of walls
and enclosures, whose values should be lower
than the maximum permissible values established
by the IRAM 11605:2010 and IRAM 11900:2017
Standards for each region of the country, defined
in IRAM 11603:2012. However, for the thermal
properties of earthen building elements, this set of
standards only indicates the thermal conductivity
value of CEB with a density of 1800 kg/m3. In this
way, the determination of the thermal conductivity
coefficient for different earthen building elements
produced with local materials is crucial for
regulatory development in Argentina. Therefore,
the objective of this work is to determine the
thermal conductivity coefficient of different earthen
building elements produced with typical materials
from the central-eastern sector of the Province of
Santa Fe (Argentina), and evaluate their suitability
to be used in building walls that meet the thermal
insulation requirements requested by the national
regulations.

BACKGROUND

The measurement of the thermal conductivity
coefficient (A) of different earthen building
elements has been widely studied internationally,
with the articles published by Laborel-Préneron et
al. (2018), Saidi et al. (2018), and El Fgaier et al.
(2016), where the thermal conductivity coefficient
of adobe was determined, standing out. On the
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other hand, there are also the determinations made
by Millard and Aubert (2014) on extruded earth
blocks; and those performed by Cagnon et al. (2014)
and Ouedraogo et al. (2020) on CEB. In addition, the
research conducted by Mosquera Arancibia (2013)
for his doctoral thesis on the effectiveness of using
the "hot needle” method to determine the A in
adobe and CEB; the study conducted by Wieser et al.
(2018), where the thermal conductivity was evaluated
on samples of wattle and daub, lightened earth,
and earth mortars; and, finally, the thesis of Cabrera
Cérdova (2019) where, among other parameters, the
thermal conductivity of adobe, earth plasters, and
palm matting was determined.

Despite the aforementioned studies, there are few
lines of research in Argentina to quantify the thermal
properties of earthen materials. In this regard, the
works by CostantiniRomero etal. (2021) and Costantini
Romero and Francisca (2022) are mentioned, where
the thermal conductivity coefficient of CEBs produced
in the city of Céordoba (Arg.) was determined, and
the one by Cuitifio et al. (2015), where the thermal
transmittance (K) of different wattle and daub panels
was determined.

It should also be mentioned that the results published
in the referenced research, despite being within
similar ranges, have significant differences, mainly
caused by the type of soil used to prepare the test
specimen, their molding methodology, and the test
equipment used. With regard to the equipment and
methodologies used to determine A, the so-called
hot-box', thermal needle?, and hot plate® methods
have been used.

Finally, it is important to highlight the work carried
out by the RILEM Committee (Fabbri et al., 2022),
Volhard (2016), Cuitifo et al. (2020), and Minke
(2005) who, despite not making direct thermal
conductivity  determinations of the earthen
constructive elements, make an in-depth analysis of
the variation of this coefficient considering variables
such as the construction technique and the density of
constructive elements.
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METHODOLOGY
MATERIALS

The earth used to manufacture the different samples
was obtained from a quarry in the municipality of
Monte Vera (Santa Fe, Arg.). In previous work (Cabrera
et al., 2022), the soil used was identified as a “CL
low plasticity clay” with 54% silt, 32% clay, and 14%
fine sand. Likewise, the semi-quantifications carried
out by DRX confirm that, from the mineralogical
point of view, the predominant mineral is quartz
(65%), followed by phyllosilicates (clays) (25%),
and feldspars (9%). The diffractograms of oriented
aggregates of the earth’s clay fraction indicate that
the phyllosilicates present are illite, kaolinite, and
smectite.

The fine sand used in the granulometric correction
has a uniform size distribution, in that more than 90%
of its particles are between 0.5 and 0.1 mm in size.
In addition, there are no edges or angular shapes
in its grains, with all of them presenting a rounded
shape. From the mineralogical point of view, its
grains consist mainly of quartz (5% by weight), with
only 1% of clays.

The coarse sand, also made of silica and with a size
distribution of between 2 and 3 mm, was purchased
from the company Gravafilt in the city of Parana
(Arg.), which extracts it by dredging the upper Parana
River basin, classifying it, and commercializing it
with different granulometry. This sand was used only
in the preparation of the rammed earth samples.

To manufacture the adobe, wattle and daub,
and coarse plaster test specimens, wheat straw
purchased near the city of Santa Fe (Arg) was used as
vegetable fiber. Although the straw used in making
the different types of test specimens was the same,
it was cut into different lengths: 2 cm for coarse
plasters, 3 cm for adobe, and between 10 and 12 cm
for the wattle and daub filling. The materials used in
the manufacture of the different types of specimens
can be seen in Figure 1.

1 Determines the A coefficient and the conductivity, K, of an enclosure in a stationary regime and on a real scale,
with the test specimen being a wall that separates two environments with different temperatures.

2 Determines the A coefficient in a non-stationary regime by introducing a metal needle with a heater and
thermocouple inside the material being evaluated, measuring its temperature variation over time.

3 Determines the A coefficient under a stationary regime on a 10 to 90 mm thick plate-shaped test specimen,
which is placed between 2 plates at different temperatures. The plates are confined inside a parallelepiped box with

high thermal insulation.

HS
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Figure 1. Materials used in the manufacture of the specimens: (a) earth, (b) mud (mixture of earth and water), (c) fine sand, and (d) wheat straw, 3 cm in
length. Source: Preparation by the authors.

Table 1. Dosage used in the preparation of the test specimens. Source: Preparation by the authors.

Dry weight proportion in %

Material Water* Water/earth
Earth Fine sand Coarse sand Straw (%) ratio
(a) CEB 70.0 30.0 - - 1.7 0.17
(b) Adobe 96.5 - - 3.5 32.6 0.34
(c) Wattle and daub 93.8 - - 6.2 60.1 0.64
(d) Rammed earth 60.0 20.0 20.0 - 11.0 0.18
(e) Coarse plaster 67.5 29.1 - 3.4 23.3 0.34
(f) Fine plaster 35.0 65.0 - - 16.3 0.47

* % determined based on the dry weight of the earth.

S— T

Figure 2. Representative specimens of the different earth construction techniques: (a) CEB, (b) adobe, (c) wattle and daub, (d) rammed earth, (e)
coarse plaster, and (f) fine plaster. Source: Preparation by the authors.
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HFM 446 | Lambd

Figure 3. (a) HFM 446 equipment, (b) additional thermocouples, and (c) silicone film used to determine the thermal conductivity coefficient. Source:

Preparation by the authors.

MANUFACTURE OF TEST SPECIMENS

For each construction technique, three 13 x 13 x 4
cm test specimens were made (except for the thin
plaster ones, which were 2 cm thick), thus generating
a total of 18 test specimens, whose dosages are
presented in Table 1. The CEB test specimens were
made by cutting, with a circular bench saw, whole
blocks produced in the laboratory with an Altech
Geo 50 manually operated press. These, because
they were not stabilized with Portland cement, were
not cured, and were left to dry for 7 days sheltered
from the weather.

The adobe, coarse plaster, and fine plaster specimens
were made by pouring the wet mixture into each
mold, accommodating it to not generate vacuums or
voids. After 24 hours, the specimens were removed
from the mold, allowing them to dry for 7 days under
laboratory temperature and humidity conditions (24
°C <t < 27 °C and 35% < RH < 45%). The molding
of the rammed earth specimens was done in 3 layers,
introducing third parts of the wet material into the
mold and compacting each layer with 25 strokes of
a 550 g block ramming machine, before sanding
the upper surface with sandpaper. These specimens
were immediately removed from their molds, being
allowed to dry, like the rest, for 7 days inside the
laboratory.

For the molding of the wattle and daub specimens,
the straw was submerged in slip (mud of liquid
consistency) and, after a few seconds, it was
extracted. The excess liquid was then drained and
the straw covered with the slip was introduced into
the mold, thus intertwining the fibers embedded in
the slip (Figure 2.c). Then, they were left to dry for 7
days and removed from the mold.

DETERMINATION OF THERMAL CONDUCTIVITY
AND TRANSMITTANCE

For each of the specimens made, the dry apparent
density and then the thermal conductivity
coefficient were determined first, using an HFM
446 Lambda Medium heat flow meter model from
the German firm Netzsch (Figure 3.a), adopting an
average test temperature of 17 °C and a variation
of £ 10 °C, following the procedure stipulated by
the IRAM 1860:2002 Standard. Before the tests, all
the test specimens were dried in an oven at 100
°C until mass consistency was achieved. Given the
irregularity of the specimens’ surface, they were
tested using a complementary kit, provided by the
equipment supplier, consisting of a silicone film and
additional thermocouples (Figure 3.b and Figure
3.c), whose purpose is to improve the contact
interface between the thermal plates and the rough
surface faces of the specimens.

Once the thermal conductivity coefficient of each
type of sample tested had been determined, the
thermal transmittance coefficient (K) of different
earthen building packages was calculated following
the procedure indicated by the IRAM 11601:2010
Standard; adopting the interior and exterior surface
thermal resistance values proposed by it. The
formulas used to calculate K were those indicated
in Equation 1, Equation 2, and Equation 3:

R=e, /X (Equation 1)

R=R_.+R+R (Equation 2)

K=1/R, (Equation 3)
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Where:

* R: thermal resistance of each constituent layer of
the wall, in m2K/W

+  X:thermal conductivity coefficient of each material,
in W/mK

* ¢ thickness of each material the wall comprises,
inm

e R total thermal resistance of the wall, in m?K/W

e R_,: external surface thermal resistance, adopting
a value of 0.04 m?K/W

e R, internal surface thermal resistance, adopting a
value of 0.13 m?K/W

e K: total thermal transmittance of the wall, in W/

m?2K

RESULTS

The apparent density (o) and thermal conductivity
coefficient (A) values obtained for each specimen tested
are shown in Table 2, together with the corresponding

average value, the standard deviation (S ), and the
variation coefficient (V).

On the other hand, Table 3 presents the thermal
transmittance coefficient (K) values calculated for
different wall construction packages using the earth
components analyzed in this work, proposed based on
local construction practices. In this table, the column
called "main element” refers to the thickness of the
adobe, CEB, rammed earth, or wattle and daub, as

applies.

DISCUSSION

ON THE DETERMINATION OF THE THERMAL
CONDUCTIVITY COEFFICIENT

As can be seen in Table 2, there is a correlation
between the density of the construction elements

Table 2. Apparent density and thermal conductivity coefficient of the test specimens. Source: Preparation by the authors.

Density
Material ) Porom s,
(kg/m3) (kg/m3) (kg/m3)
1587
CEB 1588 1595 13.4
1611
1353
Adobe 1364 1352 12.2
1340
341
Wattle and
Daub 478 429 76.4
468
1634
Rammed
Earth 1697 1687 48.9
1730
1348
Coarse 4303 1329 22.8
plaster
1334
: 1233
Fine | 1260 37.6
plaster 1286

C, (%)

0.8

0.9

17.8

2.9

1.7

3.0

Thermal conductivity

S
(W/mK) e (W/mK)
0.59
0.61 0.60 0.01 1.7
0.59
0.46
0.45 0.43 0.05 11.4
0.37
0.1
0.14 0.13 0.02 15.3
0.15
0.58
0.64 0.67 0.10 15.0
0.78
0.49
0.41 0.48 0.08 16.0
0.56
0.23
0.28 0.25 0.04 15.8

* Only 2 measurements could be made on this series.
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Table 3: Calculation of the thermal transmittance coefficients of different earth construction packages. Source: Preparation by the authors.

Thickness of each layer (m)

Constructive External External Main Internal Internal
package fine coarse coarse fine
element
plaster plaster plaster plaster
CEB (12 cm) - - 0.12 - 0.01 0.13 2.443
CEB (25 cm) 0.01 0.02 0.25 0.02 0.01 0.31 1,337
CEB with air 0.01 0.02 0.25 + 0.12 - - 0.44 0.969
chamber (4 cm)
Adobe 0.01 0.02 0.30 0.02 0.01 0.36 0.972
Plastered rammed 0.01 0.02 0.30 0.02 0.01 0.36 1,282
earth (30 cm)
Visible rammed ; : 0.55 ; 001 056 0969
earth
Wattle and Daub 0.01 0.02 0.15 0.02 0.01 0.21 0.675
14
® CEB
Rammed Earth
12 ® Thick Plaster
oy : Fine Plaster ¢ ‘
e 10 Wattle and Daub
E Adobe ‘
= & Aerated concrete
g 0& 4 Concrete ’
£ ® Ceramic brick
a """ Exponential (Cuitifio-Vorhan) o
c 06 &
] .
- A
©
E 04 Y
]
g -
0.2 .. ........ ‘ g
.............. .......'
00
0 500 1,000 1,500 2,000

Density (Kg/m3)

Figure 4. Correlation between the density of building elements and their thermal conductivity coefficient. Source: Preparation by the authors.

and their thermal conductivity coefficient, with the
wattle and daub, whose density is around 400 kg/m?,
being the one with the lowest thermal conductivity
coefficient, with about 0.13 W/mK. This coefficient
is comparable to that of cellular concretes of similar
density (IRAM 11601:2010), but significantly higher
than that of conventional insulating materials,
such as glass wool, expanded polystyrene, or
polyurethane foam (Navacerrada et al., 2021). After
the wattle and daub, the constructive element with
the lowest thermal conductivity coefficient is adobe

withan A of 0.43 W/mK, followed by CEB with an
L of 0.60 W/mK, and finally rammed earth with an

A of 0.67 W/mK.

average

average

According to this data, the spread in the results of the
wattle and daub samples becomes evident, which can
be associated with greater variability in the densities
of each sample, typical of the process to make these,
namely manual filling with a large volume of voids due
to the intertwining of straw fibers in the wattle and
daub and dynamic compaction for rammed earth.

15
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As far as the coarse plaster samples are concerned,
both their density and A are similar to those of the
adobe samples. This similarity is attributed to the
fact that, regardless of the materials used (straw
for adobe and sand + straw for coarse plaster),
the water/earth ratio of both, the main cause of
the porosity and apparent density of the earthen
constructive elements (Laborel-Préneron et al.,
2018), are equal, with 0.34. Similarly, the coarse
plaster samples with a water/earth ratio of 0.47 - the
highest after the wattle and daub - have the lowest
density and average A.

In Figure 4, the experimental results obtained in
this research (colored dots) can be compared with
those collected and published by Volhard (2016)
and Cuitifio et al. (2020) for different earth-building
elements (dotted line). In this, it can be seen how,
despite the spreadin the results achieved in thiswork,
the exponential correlation between the density of
the earthen constructive elements and their thermal
conductivity coefficient is similar to that determined
by the cited authors. This allows thinking that,
regardless of the mineralogical characteristics of
the earth used, the amount and type of sand, along
with the vegetable fibers used in the stabilization,
the main determinant of the thermal conductivity
coefficient of these constructive elements is their
final apparent density.

In addition, Figure 4 includes the thermal
conductivity values for different traditional
constructive elements, corresponding to their
densities. It can be seen how aerated concrete,
whose densities resemble that of the different
earthen constructive elements, has thermal
conductivity coefficients very similar to those
determined by Cuitifio et al. (2020) and Volhard
(2016) (dotted line), and that both concrete and
solid ceramic brick, despite being in a range
of densities higher than those studied by the
aforementioned authors, follow the same trend.

ON THERMAL TRANSMITTANCE

The Argentine regulation IRAM 11605:2010
establishes three levels of hygrothermal comfort
in winter and summer for the country’s different
bioclimatic zones, depending on the average
outdoor temperatures. Thus, for the central-eastern
sector of the Province of Santa Fe (bioclimatic zone
llb), the thermal transmittance values for each
comfort level are as follows:

o Level A: 0.38 W/m2K
e Level B: 1.00 W/m2K
e Level C:1.85 W/m2K

Table 4. Calculation of the thermal transmittance coefficient of different construction packages. Source: Preparation by the authors based on data

from the IRAM11601:2010 Standard.

Material External External

fine coarse
plaster* plaster*

Common brick 25

Thickness (m)

0.01 0.02
cm
Common brick with 0.01 0.02
air chamber
Hollow brick 18 cm 0.01 0.02
Hollow brick with air 0.01 0.02
chamber
Concrete block 20 0.01 0.02
cm
Conc.rete block with 0.01 0.02
air chamber
Aerated concrete 0.01 0.02

(600 kg/m3)

Internal Internal
element coarse fine Total

plaster* plaster*
0.25 0.02 0.01 0.31 1.505
0.25+0. 25 0.02 0.01 0.56 0.924
0.18 0.02 0.01 0.24 1.390
18+ 12 0.02 0.01 0.36 0.927
0.20 0.02 0.01 0.36 2.226
0.20+0.20 0.02 0.01 0.36 1.540
0.15 0.02 0.01 0.21 0.843

* Cementitious plasters
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Based on the thermal transmittance coefficient
values determined in Table 3 for different earthen
construction packages, to meet the hygrothermal
comfort level B —minimum level requested by
the Ministry of Housing (Arg.)-, the most suitable
alternative is the plastered wattle and daub wall,
which, with a total thickness of 21 cm, has a K of
0.675 W/m?2K.

In the case of using 30 cm adobe walls, with thick
and thin plasters on both sides, comfort level B
(0.972 W/m2K) can be reached with a total wall
thickness of 36 cm. On the other hand, to achieve
this level of comfort with a CEB wall, the best
alternative is to use double walls (25 + 12 cm) with
an inner air chamber of 4 cm and plasters only on
the outer face of the wall, generating a wall whose
final thickness is 44 cm, which is the common
practice in the region (Dorado et al., 2022). Finally,
using the exposed rammed earth technique (only
with thin interior plaster), 56 cm thick walls should
be used to achieve comfort level B.

Despite the high thicknesses of the adobe, CEB,
and rammed earth walls required to reach comfort
level B, it should be considered that, as shown in
Table 4, except for walls built with hollow bricks
and aerated concrete blocks, none of the so-called
“traditional” construction packages reaches this
level of insulation without the use of air chambers
and a total wall thickness greater than 50 cm.

CONCLUSIONS

The evaluation of the results obtained in this
research allows concluding the following:

e There is a direct correlation between the
thermal conductivity coefficient and the
apparent density of constructive elements
made with earth, sand, and vegetable fiber
from the central-eastern part of the Province of
Santa Fe. This coincides with what is reported
by different researchers from the national and
international contexts.

* The earthen construction technique with the
highest thermal insulation capacity is wattle
and daub, complying with the requirements
stipulated by current Argentine regulations,
with a 21 cm thick package.

e For wall thicknesses of less than 40 cm, among
the construction packages proposed in Table
3, the adobe walls (36 cm) present, after the
wattle and daub (21 cm), the best thermal
insulation level, followed by the rammed earth
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walls (36 cm), and finally the CEB ones (31 cm).

e The earth construction techniques all have
better thermal performance than the traditional
solid ceramic brick walls or concrete blocks,
requiring lower thicknesses to achieve equal
thermal insulation levels.

Finally, it can be stated that the main contribution
of this research is strengthening public policies that
look to encourage energy efficiency in Argentine
homes, as is the case of the National Housing
Labeling Program, implemented in 2023, in whose
database the option of using walls built with earth
elements in the envelopes is not available. This
situation is mainly motivated by the shortage of
reliable technical data on the thermal properties
of earthen building elements produced with local
materials.
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