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Abstract—This experiment evaluates the use of sawdust and expanded polystyrene (EPS) in the elaboration of adobe blocks as thermal 

and acoustic constructive elements with low environmental impact. To begin with, a soil selection and analysis process were carried out 

based on E-080 standard, then traditional adobe blocks with a percentage of 5%, 10% and 15% of sawdust and EPS were added in 

each mix. A suitable chamber was built to carry out the tests, based on specific standards, the chamber was divided into two rooms by 

a wall of the abode block with the addition of sawdust and expanded polystyrene using a 5mm layer of mortar to correct joint errors, 

this was considered appropriate for making temperature and sound measurements with the SPARK LXi Data logger (PS-3600A). Based 

on the Ecuadorian Construction Standard, comfortable reference values were determined for the measurements. After 28-day 

elaboration, the blocks were tested under compression. This test showed that all the analyzed samples exceeded the minimum resistance 

of 1MPa established in the E-080 standard. It was the highest compressive strength obtained in blocks with 5% of sawdust and EPS 

with a maximum resistance of 2.66 MPa. In addition, it was obtained that the wall made of 10% and 15% of adobe sawdust and EPS 

present the best performance to thermal variation and acoustic conditioning based on the standards NCh 352, NCh 851 - NCh 849 and 

NCh 2865. 
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I. INTRODUCTION

In the Andean area, traditional techniques and materials 
in construction are frequent. Adobe is a constructive 
technique that uses resources close to a population, used by 
the community for several centuries ago. It is estimated that 
land use as a building material dates back to approximately 
5000 years BC in South America [1], [2]. Currently, 30% of 
the world population lives inland housing. In the case of 
underdeveloped countries, about 50% of the rural population 
and 20% of the urban population live inland housing [3]. 

Several investigations determine that adobe is a friendly 
material with the environment and that it can be used easily 
in construction, allowing sustainable proposals in the 
elaboration of blocks and similar, due to the reduction of the 
environmental impact produced by man in the carbon 
footprint by carrying large volumes of materials not typical 
of the area[4], [5].  

In Ecuador, waste generation in 2014 was 4.18 million 
metric tons, according to the National Program for the 
Integral Management of Solid Waste. According to the 
Ministry of the Environment of Ecuador (MAE), the main 
solid wastes are organic, cardboard, paper, and plastic [6]. 
For this reason, it decided to include wastes such as sawdust 
and EPS in the elaboration of adobe blocks as additives to 
improve the characteristics of mechanical, thermal, and 
acoustic resistance for the use of single-family homes. 

Expanded polystyrene has enormous potential to be 
recycled and reused in various areas because it can be found 
in large quantities. |It also has a low density and can easily 
be separated from other wastes. However, it has little 
demand for recycling due to its low cost, so we generate an 
ecological and innovative initiative by reusing it as an 
addition to the mixture of adobe blocks [7]-[9]. According to 
the Metropolitan The Public Company for Solid Waste 
Management of the Metropolitan District of Quito, in 
October 2013, it carried out the characterization of urban 
solid wastes, in which it determined the percentages of the 

674



average composition of solid wastes, which indicates that the 
waste of polystyrene has a percentage of 1.132% in the north 
station and 0.92% in the south station, likewise, the wood 
waste has 0.833% in the north and 0.877% in the south[10].  

The development of new research on adobe at an 
international level has allowed the establishment of 
regulations in several countries such as the United States, 
Colombia, Spain, India, Nigeria, New Zealand, Peru, etc, to 
maintain a correct construction technique in the development 
of adobe blocks and buildings[11]-[13]. In addition, an 
attempt has been made to improve the operational 
characteristics of the adobe blocks by adding natural and/or 
industrialized raw material to the original mixture (clay, sand, 
and water) in order to give the blocks stronger resistance, 
durability, and characteristics that optimize construction to 
avoid their deterioration and reduce environmental impact 
[14]. This study aims to use mixing tests with stabilizers such 
as sawdust, plaster, or asphalt to elaborate adobes to increase 
their resistance to compression bending and improve their 
durability against humidity [15], [16].  

Other studies have shown that the equilibrium in heat loss 
and gain of a material is by maintaining a normal 
temperature, that is, when the thermal equilibrium is reached, 
for which the EPS material is suitable to improve habitability 
conditions due to its suitable thermal and acoustic properties 
[16], [17]. On the other hand, the land is an element that 
thermal balances the humidity of the air and allows the 
storage of heat. In addition, it is a material with effective 
conductivity in the construction of houses[18].  

The importance of studying the elaboration of adobe 
blocks will allow a sustainable architecture because mud is 
available in Ecuador and throughout the world, being able to 
be used without depleting resources, with the advantage that 
it can be recycled and recirculated. Adobe constructions 
improve thermal capacity by keeping cool air during the day 
and warm air at night [19], [20]. 

II. MATERIAL AND METHOD  

To carry out the project, a sample composed of several 
elements were used, among which the following stand out: 
a) Sawdust, organic material composed of cellulose fibers 
with small and fine particles smaller than 6 mm, obtained 
through mechanical processes of wood processing, with a 
composition of 50% carbon, 42% oxygen, 6% hydrogen and 
2% nitrogen; b) Expanded Polystyrene (EPS), foam or 
cellular plastic material, derived from natural gas and oil, 
chemically contains 95% polystyrene and 5% gas, reducing 
the density of the material, it has acoustic, electrical and 
mechanical insulating properties; c) Land, a non-
standardized construction material, its properties vary 
depending on the production site, but its composition may 
include different percentages of clay, silt, fine sand, coarse 
sand and organic matter in some cases[15], [21]-[24]. 

The methodological approach adopted in this study is the 
process of soil extraction, making blocks, field and 
laboratory tests to determine the resistance of the adobe 
block based on the Peruvian standard E-080 [25]. The 
plasticity index was carried out through the liquid limit tests, 
the plastic limit based on the INEN 691 and 692 standards, 
respectively [26], [27]. The granulometric test was 

determined for the characterization of the different types of 
sands and fines based on the INEN 696 standard [28]. 

III. RESULTS AND DISCUSSION 

In the first phase, the sample determined a percentage of 
sand of 70% and fine aggregates in a value of 30%. This 
consideration is based on the proposal of several research 
works that recommend the optimal percentages between 
sand, silt, and clay for the elaboration of adobe blocks. These 
approaches were tested with different compositions of adobe 
[24], [29]. Furthermore, for the elaboration of the adobe 
blocks, an additional percentage of 5%, 10%, and 15% of 
sawdust and EPS to each mixture was established concerning 
the weight of the blocks. 

Based on the E-080 standard, the size of the adobe block 
is 40 cm long x 20 cm high x 10 cm wide. Figure 1 shows 
the preparation of the adobe block mixture. The soil was first 
screened to remove organic residues, stones, and others, to 
mix homogeneously with water in a maximum amount of 20% 
of the weight of the land, as shown in figure 1 (A). Secondly, 
it was left to rest for at least 48 hours to activate the greatest 
amount of clay particles before kneading. Finally, coarse 
sand was added, sawdust as identified in figure 1 (B) and 
EPS shown in figure 1 (C), according to the quantities of the 
sample to be tested [7]-[30]-[31]. 

 

  

  
Fig. 1 (A)Sifted land, (B) Adding of sawdust, (C)Adding of EPS, (D) Adobe 
blocks molding 

 
Figure 1 (D) shows the mixing, shaping, curing, and 

drying phases of the adobe blocks as recommended by the 
standard. The blocks were dried on flat surfaces covered 
from the sun and wind for 28 days [32], and several samples 
were obtained for the thermal and acoustic tests, in turn of 
resistance to compression, the samples and their detail are 
presented in Table I, being six blocks of each type for the 
compressive strength test and 18 blocks for thermal and 
acoustic tests.  
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TABLE I 
SAMPLES DETAIL 

Test 
AS –

EPS% 
Sand 

Fine 

Material 
NS 

Thermal and acoustic + 0% 70 30 18 
+ 5% 70 30 18 

+ 10% 70 30 18 
+ 15% 70 30 18 

Compressive 
strength 

+ 0% 70 30 6 
+ 5% 70 30 6 

+ 10% 70 30 6 
+ 15% 70 30 6 

 
Figure 2 shows the compressive block resistance test. 

These values were compared based on the requirements of 
the maximum compressive strength of the E-080 standard, 
indicated in Table II, in which it can be determined that the 
maximum compressive strength corresponds to the pressure 
of 1 MPa (10.19kg/cm2) [25]. Therefore, the compressive 
strengths obtained in the tests of traditional blocks and 
blocks with the addition percentages of sawdust and EPS 
show a higher resistance than that governed by the 
regulations [33]-[35]. 

 

 
Fig. 2 Compressive strength test of adobe block 

 
A better result in compressive strength is obtained in 

adobe blocks with 5% sawdust and EPS, while blocks with 
the addition of 10% and 15% sawdust and EPS represent a 
decrease in resistance of 12.90 kg/cm2 at 12.14 kg/cm2, but 
higher than the established standard, information that can be 
seen in figure 3. 

TABLE II 
AVERAGE COMPRESSIVE STRENGTH 

Composition 

Average 

compressive 

strength 

(kg/cm2) 

Traditional adobe blocks  11.18 

Adobe blocks with 5% of sawdust and EPS 21.66 
Adobe blocks with 10% of sawdust and EPS 12.90 
Adobe blocks with 15% of sawdust and EPS 12.14 

 
In the second phase of the investigation, the blocks that 

met the minimum compressive strength were evaluated 
thermally and acoustically. The thermal camera and acoustic 
evaluation were elaborated based on the standards NCh849, 
NCh851 and NCh853 [36]-[38]. The dimensions of the 
thermal chamber and the evaluation of the acoustic 
insulation are detailed, the measurements of the chamber in 

landscape view for the tests are detailed in figure 4 A and the 
measurements inside view are specified in figure 4 B. 

 

 
Fig. 3 Average compressive strength (kg/cm2) in blocks with different 
composition 

 

 

 
Fig. 4 Dimensions of the test chamber (A) Landscape view and (B) Side 
View 

 
The thermal chamber was designed based on temperature 

and acoustic conditioning parameters, using fiberglass 
panels as insulating material in walls, and according to the 
specimen to be tested, the finished chamber is shown in 
figure 5 (A) [39]. An adobe wall was built as a specimen for 
the thermal and acoustic evaluations. According to the 
sample, such specimen was made with adobe blocks and 
joined with a mortar mixture. The detail is visualized in 
Figure 5 (B). The mortar was made with the same material 
as the adobe sample blocks, which was tested for crack 
control and coarse sand dosing; under the E-080 Standard, 
the mortar layer has a minimum thickness of 5 millimeters. 
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Fig. 5 (A) Acoustic and thermal test chamber, (B) Adobe block wall inside 
the test chamber 

 
The SPARK LXi Data logger (PS-3600A) shown in figure 

6 A and the temperature, sound, and lighting sensor (PS-
2168) shown in Figure 6 B were used for the thermal test. 
Instantaneous data of temperatures obtained using a thermal 
source of electrical resistances of 600W was installed 
properly inside the chamber[40]. 

 

(A)  
(B) 

Fig. 6 (A) SPARK LXi Datalogger (PS-3600A) and (B) Temperature, sound 
and lightning sensor (PS-2168) 

 

The location of the sensors for the thermal test is shown 
in Figure 7. Such location allows collecting data and 
contrasting them with reference values. The source of 
electrical resistance is located at the end of Environment 1, 
and through heat transfer, it is measured in Environment 2 
[41], [42]. 

The maximum temperatures, thermal insulation, and the 
coefficient of thermal conductivity in walls are presented in 
Table III, which shows that λ is constant in adobe blocks 
with attachments and has a slight increase in blocks without 
attachments. 

The maximum and minimum temperatures with thermal 
insulation in environments are presented in Table IV, where 
the maximum temperature variation is higher in adobe 
blocks with the addition of 5% and 10% of sawdust and EPS, 
while in the traditional block, its maximum temperature 
variation is lower. 

 

 
Fig. 7 Location of thermal sensors 

 

TABLE III 
MAXIMUM AND MINIMUM TEMPERATURES (°C), THERMAL INSULATION 

AND COEFFICIENT OF THERMAL CONDUCTIVITY IN WALLS 

Block 
°C 

 
Maximum Minimum 

Max 

Min 

∆T 

(máx.) 

Λ 

(w/m.K)* 

Adobe 
block 

1 33.54 14.49 32.69 
18.78 0.588 

2 14.75 14.66 1.62 

Adobe 
block 
with 5% 
of 
sawdust 
and EPS 

1 42.52 14.59 36.21 

28.11 0.569 

2 14.41 14.22 1.52 

Adobe 
block 
with 
10% of 
sawdust 
and EPS 

1 42.93 15 37.19 

28.42 0.569 

2 14.52 14.35 0.97 

Adobe 
block 
with 
15% of 
sawdust 
and EPS 

1 44.26 16.48 35.53 

29.06 0.568 

2 15.19 14.98 0.36 

 
In addition, environment 1, where the wall formed with 

adobe plus 10% sawdust and EPS was experienced, 
represented a temperature increase of 37.19 ° C, while in 
environment 2 an increase of 0.97 ° C was obtained. The 
thermal insulation produced between rooms with this type of 
wall is 35.30 ° C. Therefore, this block has the highest 
insulation in rooms, which is displayed in figure 8. 

Figure 8 shows the level of thermal insulation in the walls 
tested and the insulation from environment 2. The adobe wall 
plus 15% sawdust and EPS being the one that represented a 
temperature increase value of 29.06 ° C on the face exposed 
to the source of heat or face 1, while on the back face or face 
2. There was an increase of 0.17 ° C, the value of the thermal 
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conductivity coefficient was 0.568 W/mK, being the block 
with the greatest thermal variation. 

TABLE IV 
MAXIMUM AND MINIMUM TEMPERATURES (°C), THERMAL INSULATION IN 

ENVIRONMENTS 

Block 
Temp 

Ambient °C 
Maximum Minimum Mean 

∆ Max. 
Temp. 

Adobe 
Block 

1 46.63 13.94 35.69 
30.62 

2 16.02 14.39 15.79 

Adobe 
block 
with 5% 
of 
sawdust 
and EPS 

1 51.04 14.82 38.97 

35.22 

2 15.81 14.29 15.49 

Adobe 
block 
with 
10% of 
sawdust 
and EPS 

1 52.55 15.36 40.28 

35.3 
2 17.25 16.28 16.95 

Adobe 
block 
with 
15% of 
sawdust 
and EPS 

1 50.95 15.43 38.69 

33.7 

2 17.25 16.89 17.05 

 

 
Fig. 8 Thermal insulation level in tested walls and Environment 2 isolation 

 
In the Ecuadorian Construction Standard in the energy 

efficiency section NEC13, an ideal temperature range allows 
thermal comfort, which is in the range of 18 to 20 °C[43-45]. 
Therefore, when analyzing figure 3, the adobe wall plus 15% 
sawdust and EPS is closer to the said comfort range, and it 
can be verified that adobe blocks, in general, maintain high 
thermal insulation. 

In the third phase, the acoustic test was carried out based 
on the NCh2786 standard, in which it specifies a laboratory 
test method of acoustic insulation for constructing floors, 
walls, facades, windows, as well as the NCh2864 standard, 
which specifies the infrastructure requirements for tests in 
the laboratory for acoustic insulation of building elements. 

The location of sensors for the acoustic test is shown in 
Figure 9, the sound source located at the end of Room 1 and 

by means of the transmission of sound waves determines the 
absorption rate of the wall material. 

 

 
Fig. 9 Acoustic sensor location 

 
Based on the data obtained by the sound level meter and 

the computer interpretation, comparative parameters were 
set in each wall tested with the additional material proposed 
in environments 1 and 2 of the test chamber. Table V shows 
the sound pressure levels in decibels and acoustic insulation 
in rooms 1 and 2, being the adobe walls with more than 10% 
and 15% of sawdust and EPS, the ones with the best 
insulation. The highest acoustic insulation corresponds to the 
adobe wall plus 15% sawdust and EPS, the minimum and 
maximum pressure supplied in room 1 was 82.70 dBA and 
85.80 dBA, and in room 2 a minimum value of 38.20 dBA 
and 39.40 dBA was received as a maximum value. 

TABLE V 
MAXIMUM AND MINIMUM SOUND PRESSURE LEVELS (DBA), AND 

ACOUSTIC INSULATION 

Block dBA Max. Min. Mean Insulation 

Adobe block  
Emisor 85.00 82.00 83.65 

37.33 
Receptor 48.00 45.10 46.32 

+ 5% of sawdust 
and EPS 

Emisor 84.90 82.70 83.39 
41.27 

Receptor 45.20 38.80 42.12 

+ 10% of sawdust 
and EPS 

Emisor 84.40 82.00 83.39 
44.85 

Receptor 39.10 38.00 38.55 

+ 15% of sawdust 
and EPS 

Emisor 85.80 82.70 84.22 
45.31 

Receptor 39.40 38.20 38.91 
 
Figure 10 shows an analysis regarding acoustic comfort 

based on the sound pressure in environment 2 of each wall 
tested. The ideal sound pressure range based on the NEC13 
Standard indicates a maximum sound level for homes, 
studios, bedrooms, libraries, hotels, living places of 50 dBA, 
and for school classrooms, a value of 55 dBA. Therefore, the 
values obtained in all the tests are less than the norm's value. 
Therefore, while the percentage of sawdust and EPS is 
greater, the acoustic comfort improves, being the adobe 
blocks with  10% and 15% of sawdust and EPS  with the 
lowest dBA [46]-[48]. 

Likewise, the NCh-352 standard allows defining a 
minimum acoustic insulation range in residential buildings 
with a minimum insulation value of 40 dBA [49]-[50]. 
Therefore, the values obtained in the walls with the addition 
of sawdust and EPS are higher than the proposed minimum 
requirement, although, the more percentage of addition to the 
adobe block, its level of isolation increases, with the wall 
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with greater isolation being the more adobe 15% sawdust 
and EPS with 45.31dBA insulation. 

 

 
Fig. 10  Sound insulation level 

IV. CONCLUSION 

The addition of sawdust and EPS to a traditional adobe 
block, by 15%, improves its resistance to compression about 
the E-080 standard with 12.14 kg / cm2, it allows a thermal 
comfort close to what the NEC13 standard indicates at its 
minimum value of 18 ° C, and a sound insulation level higher 
than the NCh-352 standard with a value higher than the 
recommended value of 5.31 dBA. Therefore, the results of 
this study indicate that traditional adobe is improved by 
adding 15% of residues to the adobe composition. This 
research aims to motivate the implementation of recycled 
materials such as sawdust and polystyrene in single-family 
homes with sustainability concepts and energy savings since 
the resistance to compression of each block exceeds the 
regulations. Likewise, it maintains good insulation thermal 
and acoustic comfort. 
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