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Abstract This study evaluates the influence of the
addition of kaolin and sawdust on the improvement of
thermal comfort and mechanical resistance of earth blocks
used in rural dwellings in high Andean areas. The research
was carried out in the community of Corisorgona,
Cajamarca, where local materials were extracted to
manufacture blocks of earth with dosages of 4% and 8%
sawdust, combined with 4% kaolin.  Physical
(granulometry, Atterberg limits, specific gravity) and
mechanical (compressive strength) tests were carried out in
accordance with the Peruvian technical standard E.080.
The blocks reinforced with 4% kaolin and 4% sawdust
reached an average strength of 16.70 kg/cm=significantly
exceeding both the standard blocks (7.87 kg/cm=f and the
normative minimum (10.20 kg/cm3 Subsequently, a test
room was built with reinforced earth walls (4% sawdust +
4% kaolin) and its thermal behavior was compared with a
traditional house and the outdoor environment. The
measurements, recorded with thermohygrometers for 24
hours, revealed that the reinforced room maintained a more
stable temperature, with an average of 20.54 <C, compared
to 13.88 <C in the conventional house and 13.92 <C in the
environment. Statistical analysis using Pearson correlation
and linear regression confirmed the thermal improvement.
The results show that the incorporation of recyclable and
local materials not only improves the structural
performance of adobe, but also optimizes indoor thermal
conditions, promoting sustainable, economical, and
replicable solutions in rural areas affected by extreme
climates.

Keywords  Thermal Comfort, Reinforced Walls,
Kaolin, Sawdust, Compressive Strength

1. Introduction

In the high Andean rural areas of Peru, improving
thermal comfort in homes is not only a matter of well-being,
but an urgent need with direct implications for public
health, productivity and quality of life. Globally,
approximately 28% of the emissions of the construction
sector come from energy consumption related to the air
conditioning of spaces, which underlines the urgency of
developing sustainable and passive solutions that reduce
this dependence [1-4]. This problem is intensified in
communities located above 2500 m a.s.l., as is the case in
much of the Cajamarca territory, where night temperatures
can drop to -10 <C between the months of May and
September [5-8].

In the region of Cajamarca, these extreme conditions
have generated an alarming increase in respiratory diseases.
According to recent data, in week 5 of 2025 alone, 1427
cases of acute respiratory infections were registered in
children under five years of age, with 33 cases of
pneumonia, reflecting an increase compared to the same
period of the previous year [9-13]. This scenario is
aggravated by the fact that traditional houses, built with
adobe or rammed earth, although they are of low cost and
good basic thermal performance, do not offer adequate
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structural resistance or efficient
persistent frosts [13-16].

Given these limitations, it is necessary to optimize the
use of local materials through sustainable techniques. The
stabilization of adobe with inputs such as kaolin and
by-products such as sawdust allows improving its thermal
and mechanical properties, without significantly increasing
construction costs [17, 18]. Recent research has shown that
these additions increase the thermal inertia of the walls and
reinforce the compressive strength, allowing a safer and
more comfortable construction; according to these studies
the addition of 10% sawdust (or coconut fibers, Kenaf)
reduced the thermal conductivity of the blocks by 30% and
increased the thermal resistance by 31%, even in a mortar,
by adding 15% sawdust was achieved an increase in the
minimum temperature of 1. 8 T (from 9.2 T to 11.0 C)
compared to the standard mortar, demonstrating its
insulating capacity [19-24]. However, a technical gap
persists regarding the validation of these improvements in
real field conditions, under local regulations such as the
Peruvian Technical Standard E.080 [25].

The literature review confirms that various additives
such as coconut fibers, kenaf and sawdust have been
studied to improve thermal properties, while kaolin has
been shown to improve mechanical properties. However, a
gap is identified in the research on the synergistic effect of
combining a cohesive additive (kaolin) with an insulating
additive (sawdust) in the same soil block. In addition, most
studies focus on laboratory testing of specimens and do not
evaluate the thermal performance in a full-scale
construction under the specific climatic conditions of the
high Andean zone of Cajamarca. Therefore, the purpose of
this research is to fill this gap by experimentally analyzing
both the mechanical resistance and the actual thermal
comfort that this combination of materials can offer as a
sustainable construction solution for the region.

Faced with this documented problem of thermal
discomfort and its consequences on health in the
Cajamarca region, it is imperative to seek efficient and
sustainable construction solutions. Therefore, the general
objective of this research is to determine the improvement
of thermal comfort in rural high Andean dwellings using
reinforced earth walls. To achieve this goal, the following
specific objectives are established: a) To evaluate the effect
of the addition of kaolin and sawdust on the compressive
strength of the earth blocks, and b) To determine the
influence of this addition on the thermal variation of a test
room built at full scale.

In view of this, the present research seeks to determine
the improvement of thermal comfort in high Andean rural
homes of Cajamarca during the year 2024, through the
application of earth walls reinforced with kaolin and
sawdust.

insulation against

2. Methodology

The present study corresponds to a basic type of research,
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since it is developed in the scientific field with the purpose
of expanding knowledge about the thermal and mechanical
behavior of reinforced vernacular materials, without
seeking an immediate application, but with high potential
to generate sustainable solutions in rural areas [26].

The research design adopted was experimental, because
the independent variable — the proportion of kaolin and
sawdust — was deliberately manipulated to evaluate its
effect on dependent variables such as compressive strength
and thermal variation. We also worked with control
samples, made up of earth blocks without additives, which
allowed us to directly compare the effects of the
incorporated materials [27].

The methodological approach was quantitative, since
measurement instruments and standardized procedures
were used to obtain objective, replicable and statistically
analyzable data. This approach allowed validating the
hypothesis that the addition of kaolin and sawdust
significantly influences the thermal and mechanical
performance of the blocks, by measuring temperature and
compressive strength [28].

The level of research is relational, since the relationship
between the proportions of the additives (kaolin and
sawdust) and the resulting properties of the blocks, such as
compressive strength and thermal variation, was analyzed,
establishing causal links between the variables involved
[29, 30].

Although there is research on the use of kaolin or
sawdust in isolation, the contribution and scientific novelty
of this work lie in three fundamental aspects; the analysis
of synergy, the combined effect of kaolin and sawdust on
the properties of a specific soil of the Cajamarca region
(Corisorgona), which had not been previously
characterized for this purpose, is evaluated for the first time.
The full-scale validation, unlike studies that are limited to
laboratory tests, this research built and monitored a
complete housing module, providing thermal comfort data
under real conditions of use. In terms of the regional
approach, the research focuses on providing a viable,
sustainable solution with local materials for a specific and
documented problem in the high Andean zone of
Cajamarca.

The raw material (clay soil) used in the manufacture of
the blocks was extracted from the area called Corisorgona,
located in the community of Chamis, district and province
of Cajamarca. This quarry was selected after satisfactorily
complying with the field tests described in the Peruvian
Technical Standard E.080, specifically the dry resistance
test, which consists of forming balls of earth with a
minimum amount of water, letting them dry for 48 hours,
and applying digital pressure to verify that they do not
present cracks or disintegration.

The blocks were molded according to the dimensions
stipulated by the same standard, using manual molds
adapted for the addition of kaolin (4%) and sawdust (4%
and 8%). Fabrication and curing were carried out under
controlled conditions.
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The experimental procedure included the construction of
a 4>4-meter test room with a thatched roof and reinforced
earth walls. This structure was compared with a traditional
rural house and the outdoor environment, in relation to its
thermal behavior over a period of 24 hours, using digital
thermohygrometers located in the three environments.

At the same time, test samples for axial compression
were developed, evaluated in the laboratory of the
Universidad Privada del Norte — Cajamarca, under the
technical guidelines of the E.080 standard. The data
collected were processed and statistically analyzed using
Microsoft Excel, applying Pearson's correlation, standard
deviation, and linear regression analysis.

This methodological approach allows not only to
quantitatively validate the influence of additives on the
thermal and structural properties of adobe, but also to
establish  practical  recommendations  for  their
implementation in similar rural contexts.

For the collection of matter, it was done using manual
tools such as a bucket and pickaxe, in addition the earth
was passed through a mesh No. 3/4 in order to ensure that
the necessary amount would be collected to perform the
tests of NTP 339.128 — Granulometric analysis by washing

To determine the granulometry of the Corisorgona earth,
it was developed as indicated in the NTP 339.128 standard,
where it is indicated that first it has to be sifted, passing the
material through the mesh No. 200, and after this, place the
earth in the oven for 1 day, after this process pass the
sample through the sieves No. 3/8", 4, 10, 20, 30, 40, 100
and 200, with what has been retained in these sieves, we
estimate the percentages that have been retained by sieve,
and finally the granulometry curve is drawn according to
the data obtained.

To perform the consistency limits test, we took what was
indicated in NTP 339.129, where limits were determined.
We start with the liquid limit that the sample was
determined when passing through sieve No. 40, and then it
is put in the cup, making an opening with the help of a
groove, and with the blows of the crank it must be joined in
the middle, and with this, the humidity will be determined
after 25 strokes. Depending on the plastic limit, it is
determined with the same sample of the liquid limit,
forming 3 mm rolls, which are weighed before and after
baking for 1 day, and their humidity fluctuation is
determined. Finally, IP is the subtraction of LL and LP.

NTP 339.134 - Soil classification: The soil classification
is made from the tests carried out on soil plasticity and
granulometry, with these data the soil typology will be
determined using the plasticity chart.

NTP 339.131 - Specific Gravity: We use a portion of the
earth extracted for tests that passes through sieve No. 4,
with this the specific gravity is determined, applying the
graduated pycnometer of 50 cm?,

2.1. Elaboration of Earth Blocks

For the preparation of the samples, they were made
outside the university laboratory due to space issues. It was
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carried out in an open space with a roof to protect the
blocks from heavy rains, verifying that the place meets the
requirements of space, ventilation and temperature, that is,
an environment with a roof for the adequate drying of the
samples.

Once the matter such as earth, kaolin and sawdust was
obtained, the samples were taken. The earth was put into
the mold, thus managing to remove blocks from the soil
samples, and this procedure was repeated 18 times for
blocks for compression testing. The adobe blocks were left
to dry in a roofed area for about 28 days for optimal drying.

When the drying was finished, the blocks were ready for
analysis, the 18 adobes, each with their respective
percentages of 4% kaolin and 4% sawdust, 4% kaolin and
8% sawdust, were transferred to the UPN laboratory.

2.2. Mechanical Tests on Sample Blocks

2.2.1. Axial Compressive Strength Test

To carry out this test, it was carried out 28 days after the
blocks have dried. 18 blocks of the samples with kaolin and
sawdust were analyzed in the UPN soil laboratory. Within
these blocks we have the dosages: 4% of kaolin and 4% of
sawdust, 4% kaolin and 8% of sawdust of the weight of dry
soil.

For the selection of additive dosages, studies suggesting
an optimum range of sawdust between 2% and 8% were
considered [7]. Based on these findings, it was decided to
establish a study range of 4% and 8% sawdust, combined
with a low dosage of kaolin (4%) to evaluate its
contribution to strength without significantly altering the
soil composition.

In the test, the measurement of their sides such as length,
width and height was carried out for all the blocks of the
samples, and with these 3 dimensions of the contact surface
on which the loads would act. Once the dimensions were
obtained, each sample was put into the automatic
compression machine and loads were applied that were
recorded each of them until the break of the block was
estimated.

As better compression results were obtained with the
dosage of 4% kaolin and 4% sawdust, this proportion was
chosen for the test room.

2.3. Thermal Comfort Test

Creation of a 4 m x 4 m room (outside) that allows
temperature parameters to be determined. The walls of the
room are reinforced walls with the addition of kaolin and
sawdust and consist of dimensions according to the
specimen that was determined viable for said structure. So
it will begin with the tracing and excavation of the
foundation of 50 cm wide by 40 cm deep.

The foundation is worked as it was done in the past,
composed of stones greater than 12 inches, these being
irregular in shape not oval, but rectangular edges typical of
those found in quarries, and mud with small straw fibers is
added to it.
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Dosage of 4% kaolin and 4% sawdust, (see Table 1).
Regarding the weight of the soil determined by a scale to
create the structure, it was weighed in a 20-liter bucket,
weighing only 20 kg of soil and using the correct dosage.

Table 1. Dosage of sawdust and kaolin

Dosage every 20 kg of soil

Percentage % Soil Sawdust Kaolin
(kg) (kg) (kg)
4%
20 0.80 0.80

Note. Table 1 shows the dosage of 4% sawdust and 4% kaolin with
respect to each 20 kg of soil sample.

For reinforced earth walls or also called caissons when
used in rammed earth, we will use the dosage found above
which starts with 10 cm of stone height, with 40 cm of
altered earth height and so on consecutively until reaching
2 m of height.

As a structural part, wooden beams will be placed
horizontally on the reinforced walls and then the bearings
will be built on the sides of the house in order to create a
gabled roof like a typical house in the town center and rural
areas.

3 beams were also placed, two of them on the sides of
the bearing and one on top of the bearings, which will serve
as a support for the placement of small wooden purlins in
the opposite direction, where the reed will be placed to
shape the 2-sloped roof.

It was also placed on the reed regrowth, 5 cm of mud in
order to make it even more waterproof and thermal, On this
the straw will be placed as an old traditional house, where it
will be fixed by small wooden straps and straps made with
the straw itself.

So, at the end of the thatched roof, the test room will
consist of windows and doors, in addition, to the covering
of any holes to the weather, to maintain an airtight room.

After them, it will be placed in 3 digital thermometers at
different points; one of them in a neighboring room of the
town, another of them in the open air of the environment
and the last one inside the test room, which will precede the
collection of data for 24 hours.

2.4. Procedure for Data Analysis

After carrying out the necessary studies, the data are
analyzed using spreadsheets (Excel) in the office, and the
results of the digital thermometers in the 24 hours that were
obtained in the locality in the 3 different points are taken
into account; with this it will be possible to determine if
there is an improvement in thermal comfort in the sample
room.

Pearson's correlation was used as a statistical method,
where a direct correlation can be identified on the
temperature of the environment with the temperature inside
the test room. Therefore, the standard deviation and the
coefficient of variation of the data collected from the
temperatures of the 3 points were determined, and the
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linear scatter diagram was made to find the correlation
coefficients, coefficient of determination, regression
coefficient and standard error.

3. Results

3.1. Results of Soil Mechanics Tests

The following tests were carried out in the soil
mechanics laboratories of the Universidad Privada del
Norte, in relation to the soil samples and the addition of 4%
kaolin and 4% sawdust, 8%, obtaining the following results
in Table 2, Table 3, Table 4 and Table 5.

Table 2. Granulometry by washing

GRANULOMETRY BY SIEVING BY WASHING

MESH OPENING (mm) P.RP.(gr) %RP %RA % What's Up
4 4.76 18.8 188 188  98.12
200 0.074 7300 730 4329  56.71

Note. Table 2 shows the results obtained from the particle size test by
washing, of the soil extracted from the Village of Corisorgona, where the
percentages that pass for both mesh No. 4 and for mesh No. 200 are
detailed.

Table 3. Atterberg limits or consistency limits

ATTERBERG BOUNDARIES SOIL SAMPLE

Liquid Limit (LL) 30.55
Plastic Limit (LP) 23.69
Plasticity Index (PI) 6.86

Note. Table 3 shows the result of the consistency limits of the soil
extracted from Corisorgone, where the results obtained for both liquid
limit, plastic limit and plasticity index are detailed.

Table 4. Atterberg limits or consistency limits

ATTERBERG LIMITS KAOLIN SAMPLE

Liquid Limit (LL) 42.55
Plastic Limit (LP) 22.46
Plasticity Index (PI) 20.09

Note. Table 4 shows the results of the kaolin consistency limits.

Table 5. Specific Weight of Thin Material

SPECIFIC WEIGHT

Description 1 2
Sample Identification 2.25 gr/cm® 2.48 grlcm®
Average Specific Gravity "Ys" 2.37 gricm?

Note. Table 5 shows the specific weight of the material obtained from the
locality of Corisorgona, as a result there is an average of two samples
being 2.37 gr/cm?,

SUCS Classification

When performing the granulometry, it was determined
that more than 50% of the material passed through mesh
No. 200, which indicated that it was a fine soil.
Subsequently, the liquid limit and plasticity index tests
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Table 8. Summary of the compressive strength of earth blocks with 4%

were applied to enter the data into the plasticity chart, iaolin and 9% saxuat

obtaining that the soil under study corresponded to ML,

that is, silt of low plasticity. Stress Deformation
Sample Load (Kg) (Kglem?) (mm/mm)

3.2. Compressive Strength Results E. 080 - 10.2 -

We obtain results that the blocks without addition have a 1-8% 2829 . 0.09
resistance of 7.87 kg/cm=see Table 6) not complying with 2-8% 2869 14.03 0.09
the minimum reS|stance_, comparing the addition of kaolin 3-8% 2716 13.53 0.09
at 4% increases the resistance, sawdust was added at 4%
and 8%, with a resistance of 16.70 kg/cm=(see Table 7), 4-8% 2510 11.84 0.09
12.42 kg/cm=(see Table 8), and the compressive strengths 5-8% 2226 10.86 0.07
obtained C(_)mply with the minimum resistance of 10.20 6-8% 2240 1091 0.08
kg/cm=as indicated by the E.080 standard.

Desv. Standard 285.83 1.40 0.01
Table 6. Summary of the compressive strength of earth blocks without
addition Average 2565.00 12.42 0.09
Deformation Coef. Variation 11.14% 11.26% 9.81%

Sample Load (Kg)  Stress (Kg/cm?) /
(mm/mm) Note. Table 8 shows the average compressive strength of adobe with the
E. 080 ~ 10.2 ~ addition of 4% kaolin and 8% sawdust, determining the standard

' ' deviation, average load, average stress and deformation, as well as

detailing the minimum stress established by the E. 080 standard.

P1 1480 7.07 0.06
Q2 1818 8.89 0.07 Summary table of the compressive strength of traditional
2 1619 8.06 0.06 adobe blocks and the addition of 4% kaolin and sawdust in
Q ' ' percentages of 4% - 8% is shown in Table 9 and Figure 1.
Q4 1432 6.75 0.06
Table 9. Summary of the compressive strength of standard earth blocks
Q5 1773 8.65 0.07 and addition of 4% kaolin and 4% - 8% sawdust
6 1603 7.81 0.06 i
Q Sample Load (Kg)  Stress (Kg/cm?) Dfr;on:r?n?::;n
Desv. Standard 153.52 0.85 0.01
Average 1620.83 7.87 0.06 E. 080 ) 102 i
. M. Patron 1620.83 7.87 0.06
Coef. Variation 9.47% 10.74% 9.16%
M. at 4% 3445.17 16.70 0.13

Note. Table 6 shows the average compressive strength of the standard
adobe, where the results obtained from the 6 adobe blocks are detailed, M. at 8% 2565.00 12.42 0.09
determining the standard deviation, average load, average stress and

deformation, as well as detailing the minimum stress established by the E. Desv. Standard 912.35 441 0.04
080 standard. Average 2543.67 12.33 0.09
Table 7. Summary of the compressive strength of earth blocks with 4% Coef. Variation 35.87% 35.79% 38.23%

kaolin and 4% sawdust

Note. Table 9 shows the summary of the compressive strength of the

Deformation standard adobe and with the addition of 4% kaolin and 4% - 8% sawdust
2 ’
Sample Load (Kg) ~ Stress (Kg/cm’) (mm/mm) specified with the E.0.80 standard.
E. 080 - 10.2 -
1-49% 3202 15.13 012 Compression test
2-4% 3317 16.22 0.13 :l':?
&
3-4% 3526 17.56 0.13 Eﬁ
4-4% 3201 15.52 0.12 <
5-4% 3949 19.26 0.14 =
6-4% 3386 16.49 0.13
Desv. Standard 269.52 1.51 0.01 . ;
E.080 M. Patron M. al4% M. al 8%
Average 3445.17 16.70 0.13
T . . . I SHOW PATTERN, 4% C AND 4% A, 4%
Coef. Variation 7.82% 9.05% 5.92% C AND 8% A VS E.0.80

Note. Table 7 shows the average compressive strength of adobe with the

addition of 4% kaolin and 4% sawdust, determining the standard . .
deviation, average load, average stress and deformation, as well as ~ Figure 1. Compressive Strength — Standard Sample Summary Chart and

detailing the minimum stress established by the E. 080 standard. Addition with 4% Kaolin and 4% - 8% Sawdust
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As illustrated in Figure 1, the compressive strength of
adobe blocks increased significantly with the addition of
4% kaolin and 4%-8% sawdust, surpassing the minimum
value required by the Peruvian Technical Standard E.080.
Based on these results, the test room was built using the 4%
kaolin and 4% sawdust mixture, which reached the highest
average compressive strength of 16.70 kg/cm=

3.3. Thermal Variation Results in Test Room

Pearson's Correlation statistic will be used to determine
if there is a relationship between ambient temperature and
temperature within the test room.

Improvement of Thermal Comfort in Homes Using Reinforced Earth Walls in the High Andean Area

2 digital Herald & Barnes thermohygrometer sensors
were used with an indoor temperature range -10 C to +
50 <C for the test rooms and neighboring house, while for
the exterior part 1 digital thermohygrometer model D5
Bestone was used with an outdoor temperature range
-10 T to + 50 T (see Table 10 and Figure 2), where we
conclude that the test room with the reinforced walls with
the addition of 4% kaolin and 4% sawdust, achieves an
average temperature of 20.54 <C while in the neighboring
house there is an average temperature of 13.88 <C and an
average outdoor temperature of 13.92 <C, so it is possible
to improve thermal comfort compared to a local house and
the outdoors.

Table 10. Comparison of temperatures in the test room, neighboring house and outdoors

Hour Open-air Neighboring house Test Room
12:00 22.0 15.0 215
13:00 211 14.3 21.7
14:00 18.3 145 22.0
15:00 19.7 147 21.6
16:00 16.8 15.0 21.3
17:00 16.8 14.9 21.1
18:00 13.7 142 20.7
19:00 11.6 145 20.6
20:00 11.0 14.0 20.5
21:00 115 13.8 20.3
22:00 12.2 14.0 20.3
23:00 12.0 14.0 20.2
00:00 11.3 13.1 19.9
01:00 111 13.0 19.8
02:00 10.1 12.0 19.7
03:00 10.1 12.0 19.7
04:00 10.3 12.7 19.9
05:00 9.2 12.7 19.8
06:00 8.0 134 19.5
07:00 10.0 13.3 19.7
08:00 12,5 137 19.9
09:00 14.8 139 20.0
10:00 14.9 13.8 20.6
11:00 17.0 14.0 211
12:00 22.1 16.4 22.0
Desv. Standard 4.20 0.99 0.79
Average 13.92 13.88 20.54
Coef. Variation 30.13% 7.14% 3.84%

Note. Table 10 shows the average of the temperatures taken in the test room, in a neighboring house and outdoors, also determining that the test

room has a better standard deviation of 0.79.
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Temperature within 24 hours

25.0
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\ﬁ/' \b" \b' \QG' nS3' ,-‘:‘,' Q)

Hours

=8 (pen-air === Neighboring house Test Room

Figure 2. Temperature variation of the 3 points in 24 hours

As illustrated in Figure 2, the temperature variation
recorded over 24 hours demonstrates that the reinforced
test room maintained a more stable thermal behavior, with
an average of 20.54 <C, compared to the neighboring house
and the outdoor environment.

Therefore, we conclude that the test room with sawdust
and kaolin reinforced walls presents greater thermal
comfort compared to a typical house with a 'y (see Table 11
and Figure 3). AT,,0x = 5.6 °C ATy = 7.5 °C

Table 11. Comparison of Maximum and Minimum Temperatures

Temperature T Open-air Neighboring house  Test Room

Maxim 221 16.4 22.0

Minimum 8.0 12.0 195

Average 15.05 14.20 20.75

Note. Table 11 shows the maximum and minimum temperatures taken in
the test room, in a neighboring house and outdoors, also determining the
standard deviation.

ATpgy = 22.0 —16.4 = 5.6 °C
AT = 19.5—12.0 = 7.5 °C

Maximum and Minimum
Temperature

®)
S

=
o
=]
=
<
&~
B
-
=
=
=

5.0

0.0 ——

outdor neighboring house test room

Figure 3. Maximum and minimum temperature (<C) taken at the 3
different points

As illustrated in Figure 3, the maximum and minimum
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temperatures recorded in the three environments of
Corisorgona highlight the superior thermal behavior of the
reinforced test room. While the neighboring house and
outdoor environment experienced wider fluctuations
between day and night, the test room maintained narrower
temperature ranges, ensuring more stable and comfortable
indoor conditions for potential occupants.

3.3.1. Result of Correlation of Temperatures inside the Test
Room and outside the Outdoor Test Room

So after having taken temperature for 24 hours inside the
test room and outside the test room outdoors, it is desired to
know what the behavior of the test room is by what is done
in the linear correlation (see Figure 4) and regression of the
minimum temperature according to the weather with the
minimum temperature of the test room, from which they
obtained the following graphs and results. Pearson's
statistical measure of correlation will be used, since it
could take values between -1 and +1, so a value of +1
indicates a perfect positive correlation (when one variable
increases, the other also increases), -1 indicates a perfect
negative correlation (when one variable increases, the
other decreases) and O indicates the absence of linear
correlation.

Relationship between Room Temperature Test and
Outdoor Temperature
22.5
@ y=10.1742x + 18.11
£ 220 ® -
£ 215 %,
s 7 o .
& 210 .
a "y
S 205 o:"
= .
b5 . r ®
5 20.0 N L
g 195 L 2
Pt
19.0
0.0 5.0 10.0 15.0 20.0 25.0
Temperature - Weather
Figure 4. Straight Linear Scatter Plot
The relationship between indoor and outdoor

temperatures of the reinforced test room is illustrated in
Figure 4. The analysis shows a very high positive
correlation (r = 0.93). This indicates that there is a very
high positive correlation between the T<in the Open and
the T <of the Test Room; when it is between -1 to 0 and 0 to
1 the ratio is high while if the trend is to O the ratio will be
low.r = 0.93r varia desde—1 a 1

Coefficient of determination: r? = 0.8584 = 85.84%

85.84% of the T <of the test room is due to the T “outside
the test room in the open.

Regression coefficient:

a = 18.11, intersection with the axis y

b = 0.17earring

For every degree that increases in the test room, the
temperature outside the outdoor test room will increase by
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0.17
Regression line equation:

y=a-+bx
y=1811+0.17x

The following equation will be used to calculate the
estimate for the 24 hours of data collection with the
respective standard error.

Standard error of estimate: Sxy = 0.30

Each time an estimate of the T<is made outside the
outdoor test room, based on the T<of the test room, an
estimation error of 0.30 <€ will be generated.

The thermal version in degrees Celsius inside the test
room with the reinforced walls altered with sawdust and
kaolin presents comfortable temperatures for the inhabitant
of the town center of Corisorgona compared to a traditional
house in the area.

Since according to the results of the thermal evaluation
of the house, the test room in cooperation with a traditional
house was observed that the maximum and minimum
temperature variation were as follows, AT,,,, = 22.0 —
16.4 = 5.6 °C and AT, =19.5-120=75 °C. It
can analyze that there is a significant temperature variation
in the test room, thus improving thermal comfort
conditions, which validates the stated objective.

The construction process of the experimental test room
is illustrated in Figure 5, which replicates a traditional
Andean house but incorporates reinforced earth walls (4%
kaolin and 4% sawdust) to evaluate thermal improvements.

12 abr. 2025 12:03:35
17M 771181 9209653

Colocacién de Paja para techo

Figure 5. Construction of the 4 <4 m test room with reinforced earth
walls (4% kaolin and 4% sawdust), used as the experimental module for
24-h thermal monitoring
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4. Discussion

During the course of this study, one of the main
obstacles was the transportation of the material, since its
location was difficult to access and did not allow the entry
of vehicles. This meant that transportation had to be done
manually, causing delays in the initial phase of adobe
manufacture. Also, the collection of the material coincided
with the rainy season, which prolonged the process by
requiring additional time for drying; during this period the
material formed lumps that had to be ground before
preparing the mixture. Finally, once ready, the adobe
samples were prepared.

Regarding “Determine how much the addition of kaolin
and sawdust influences the compressive strength of
reinforced earth blocks,” laboratory analyses provided
relevant data on the compressive strength of adobe or earth
samples when kaolin and sawdust were incorporated;
however, climatic conditions significantly influenced the
results. A key limitation was the drying of the blocks, since
their manufacture coincided with the rainy season. After a
period of 28 days, compression tests were performed in
which slightly higher values were recorded than those of
the standard sample. This suggests that climate may have
influenced these variations, potentially affecting the
accuracy of the results. Therefore, in this research,
improvements were obtained in terms of the compressive
strength of the earth blocks, since the adobes elaborated as
standard sample or traditional adobes have a strength of
7.87 kg/lcm= while for 4% kaolin and 4% sawdust a
strength of 16.70 kg/cm? was obtained and with 4% kaolin
and 4% sawdust a strength of 12.42 kg/cm=2but compared
to the minimum strength of 10.20 kg/cm=established by
Standard E.080, therefore, the improvement with respect to
the antecedents of this research is verified [2, 5, 27]. It is
determined that both 4% kaolin with 4% sawdust and 4%
kaolin with 8% sawdust exceed this established value,
which would allow their use in constructions.

In order to “determine how much the addition of kaolin
and sawdust influences the thermal variation in a test room
built with reinforced walls”, in this research there were
improvements in thermal comfort since when using the
earth walls reinforced with kaolin and sawdust, a more
constant thermal variation was determined since the
standard deviation in the test room resulted in 0. 79, and as
a result between the test room and a traditional house in the
area it was observed that the maximum and minimum
temperature variation were the following,
AT max=22.0-16.4=5.6C and AT min=19.5-12.0=7.5<C.
Therefore, we conclude that the temperatures inside the test
room built with walls reinforced with sawdust and 4%
kaolin are comfortable and pleasant for the inhabitants of
the Corisorgona settlement.
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5. Conclusions

In this research, the improvement of thermal comfort in
high Andean rural housing, Cajamarca 2025, was
determined.

It has been shown that the addition of kaolin in
percentages of 4% and sawdust in percentages of 4% and
8% the resistance is higher compared to what is established
by the E. 080 standard, but compared to the compressive
strength of adobe made in a traditional way it is lower,
since in the results there is evidence of a compressive
strength value of 16.70 kg/cm=2for 4% kaolin with 4%
sawdust and 12.42 kg/cm=for 4% kaolin with 8% sawdust;
on the other hand the standard sample adobes have a
compressive strength of 7.87 kg/cm=2which shows that the
higher the percentage of sawdust addition, the lower the
compressive strength.

The thermal variation between the test room and a
traditional house in the area was determined, which was
observed that the maximum and minimum temperature
variation were as follows, AT, = 22.0—-16.4 =
56 °C  and ATy =195-120=75 °C
demonstrating that it favorably influences and maintains
the temperature inside the room.

It is recommended for future research to conduct a
comparative study of thermal comfort by constructing a
second test module with the dosage of 4% kaolin and 8%
sawdust. Although this mixture presented a slightly lower
compressive strength, it is still suitable according to the
standard and it is highly probable that its thermal insulation
properties are superior.

It is also recommended for future research to subject the
blocks with the dosages studied to accelerated erosion tests
and wetting-drying cycles to evaluate their performance
and durability against weathering.

It is recommended to carry out tests such as those of the
research in months that are not within the rainy season, to
perform a better job, since it also directly intervenes in the
construction and transportation of materials for the test
room.
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