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Abstract  
 

Waterproof ecological adobe brick made from straw and dung is one of the oldest building materials used by 

humanity, it is a sustainable and efficient solution for construction, it is a traditional building material that has 

been used by man for centuries due to its sustainability and thermal efficiency, especially in areas where 
conventional building materials are not easily accessible or expensive. Adobe consists of a mixture of soil, water, 

and often straw or manure, which is molded into blocks and dried in the sun. Combining adobe with materials 

such as straw and manure can improve its properties, including water resistance, this traditional method uses 
natural and local materials, providing an ecological and economical alternative. To improve the resistance and 

durability of the walls that protect them against humidity, thus avoiding problems such as degradation and mold 

formation, which are the main causes that put people who have their homes at risk. of this material. In this way, a 
more durable construction is achieved and suitable for different climates. 

 
Ecological Waterproof Adobe Brick Project based on Straw and Manure 

 
 

Ecological, sustainable, sustainability, efficiency, conventional, resistance, formation, traditional, 

properties, alternative, Adobe, Ecological, Waterproof 

 

Resumen 
 

El adobe ecológico impermeable a base de paja y estiércol es uno de los materiales de construcción más antiguos 

utilizados por la humanidad, es una solución sostenible y eficiente para la construcción, es un material de 

edificación tradicional que ha sido utilizado por el hombre durante siglos debido a su sostenibilidad y eficiencia 

térmica, especialmente en áreas donde los materiales de construcción convencionales no son fácilmente accesibles 
o son costosos. El adobe consiste en una mezcla de tierra, agua, y a menudo paja o estiércol, que se moldea en 

bloques y se seca al sol. La combinación de adobe con materiales como paja y estiércol puede mejorar sus 

propiedades, incluida la resistencia al agua, este método tradicional utiliza materiales naturales y locales, 
proporcionando una alternativa ecológica y económica. Para mejorar su resistencia y la durabilidad de las paredes 

que las protege contra la humedad, logrando de este modo evitar problemas como la degradación y la formación 

de moho, los cuales son los principales causantes que ponen en riesgo a las personas que tienen su casa hecha de 

este material. De este modo, se logra una construcción más duradera y apta para diferentes climas.  

 
Proyecto de Adobe Ecológico Impermeable a Base de Paja y Estiércol 

 
 

Ecológico, sustentable, sustentabilidad, eficiencia, convencional, resistencia, formación, 

tradicional, propiedades, alternativa, Adobe, Ecológico, Impermeable, Adobe, Ecológico, 

Impermeable 
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Introduction 

 

The adobe, one of the world's oldest and most sustainable building materials, has been used for millennia 

due to its accessibility, low cost and thermal properties. The adobe has been used for more than 10,000 

years in various areas and climates around the world. From the muddy river areas of ancient Egypt to the 

ancient architecture of the Middle East, adobe bricks have left their mark on building history. Molds for 

adobe bricks are manufactured on site, allowing for a variety of morphological shapes. This contributes 

to the iconic character of adobe buildings. Traditionally composed of a mixture of soil, water and natural 

fibers such as straw; the adobe is valued for its ability to keep interiors cool in hot and cold climates. 

However, one of the main limitations of conventional adobe is its susceptibility to water damage, which 

can compromise the durability and structural integrity of adobe buildings.  

 

 The searching of methods to improve the water resistance of adobe brick has led to the exploration 

of various natural additives. Among these, straw and manure stand out not only for their abundance and 

low cost, but also for their material-improving properties. Straw, when mixed with mud, acts as a 

reinforcement that reduces cracking and improves the cohesion of the adobe (Catalán, P., & Moreno, J. 

Y 2019). On the other hand, manure, especially cow manure, contains natural fibers and natural 

compounds that can act as binders and stabilizers, improving both the cohesion and water resistance of 

adobe (Minke, 2000). The combination of straw and manure in the production of adobe brick not only 

enhances its physical and mechanical properties, but also reinforces the sustainability of the material by 

using renewable and recycled resources. This project focuses on the production of ecological adobe 

blocks that integrate straw and manure, with the objective to created a construction material that is both 

resistant and waterproof. The implementation of these natural additives promises a significant 

improvement in the durability of adobe brick, allowing its use in a wider range of climatic and 

environmental conditions. 

 

By addressing traditional adobe brick challenges through the use of eco-friendly techniques and 

materials, this project not only contributes to the preservation of traditional construction methods, but 

also promotes sustainable and environmentally friendly practices. Through rigorous testing and a 

structured methodology, it seeks to demonstrate that improved ecological adobe remains a viable and 

durable solution for sustainable construction in the 21st century. In short, adobe brick is a building 

material that combines tradition, sustainability and energy efficiency. Its use remains relevant today, 

especially in regions where its positive impact on the environment is valued. The waterproof ecological 

adobe brick  that we offer has some characteristics that distinguish it from others, such as two different 

sizes, nopal as a natural binder and smooth walls of the blocks. 

 

Methodology 
 

Selection and Preparation of Materials. 
 

Clay soil 
 

Box 1 
 

 
Figure 1 

Red earth 

Reference: image own authorship_red earth 

The Mud, also known as clay, is a natural material composed mainly of fine mineral particles that 

are mixed with water to form a malleable mass; The structure of mud particles is essential to understand 

its properties and applications in various processes, such as ceramics, adobe construction, among others. 
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The characteristics of the particle structure of mud are described below: 

 

1. Particle size: Clay particles are extremely small, with an average size of less than 0.002 mm. 

This gives them plastic and cohesive properties, which allows the clay to be easily molded and 

shaped. 

2. Constituent minerals: Clay is mainly composed of minerals from the phyllosilicate family, such 

as kaolinite, lilite and montmorillonite. These minerals have a layered, lamellar structure, which 

contributes to the clay's plasticity and plasticity. 

3. Electrical charge: Clay particles usually have a negative surface charge due to the presence of 

ions in their structure. This electrical charge influences the clay's ability to retain water and its 

behavior in the presence of other materials. 

4. Water retention capacity: The porous structure of the clay particles allows the mud to retain 

water in its interstices. This property is important in drying, firing and ceramic forming processes. 

5. Interactions between particles: Clay particles can interact with each other through cohesion and 

adhesion forces, which determines the plasticity and strength of the clay. These interactions are 

influenced by factors such as humidity, temperature and pressure. 

6. Crystalline and amorphous structure: At the microscopic level, clay particles can have a 

crystalline or amorphous structure, depending on the mineral composition and the formation 

process. This structure influences the mechanical resistance and thermal stability of the clay. The 

soil used must have a high clay content to ensure the cohesion and plasticity necessary for the 

adobe mixture. Collect soil samples and perform sediment tests to determine the proportion of 

clay, silt and sand. Ideally, the soil should contain at least 30% clay (Catalán, P., & Moreno, J. Y 

2019). 
 

Straw preparation 
 

It is an excellent thermal and acoustic insulator, breathable, healthy, moisture regulator, very versatile, 

easy to work with and binds very well with clay and lime. It is a long-lasting material that does not 

require major restorations or rehabilitation. Great thermal and acoustic insulation. Straw is a material 

with optimal insulating properties, achieving energy savings of up to 75%, however, straw usually 

facilitates the penetration of insects, in particular wasps that nest inside the adobes, creating within them 

“ “tunnels” of small diameter, which in the long run produces weakening. Some features are the 

following:  
 

Combustibility 
 

Although straw in its natural state burns easily, in the bales, since the straw is compacted, there is no air 

and therefore, its combustibility is minimal, if not zero. Added to this is the obligatory lime or earth 

plaster, which protects it even more. Studies carried out by technicians and professionals prove it. 
 

Water 

 

It is important to waterproof the base, the crown of the wall and the window openings well, to prevent 

the central part of the bundle from getting wet. Capillary humidity is avoided with a simple foundation 

and the harassment of rain with adequate eaves. 

 

Repairs 

 

It is essential to have a good design and take the necessary precautions to prevent the walls from 

deteriorating, however, it is easy to repair a straw wall. If a part of the construction deteriorates, it can be 

replaced without affecting the rest of the placed material. 

 

Construction systems – walls 

 

There are many different techniques for building with straw bales, but they can generally be grouped into 

two methodologies: load-bearing wall construction and independent or additional structure construction. 

Straw acts as a natural reinforcement, improving cohesion and reducing cracking. It is recommended to 

cut the straw into pieces of approximately 2-5 cm in length before adding it to the soil mixture (Minke, 

2000). 
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Box 2 
 

 
Figure 2 

Straw 

Reference: image own authorship_straw 

 

Horse and cow manure 

 

It usually has a moderate nitrogen content compared to other manures such as sheep or chicken manure. 

Due to its low contribution of nutrients (0.6% nitrogen, 0.6% phosphorus, 0.4% potassium and trace 

elements), it is advisable to complement its use with liquid worm humus. It improves the structure of the 

soil, provides quality organic matter and favors the presence of microorganisms responsible for the 

fertility of the land. This represents an extra supply of nutrients, which favors the development of the 

roots. It is used to fertilize crop fields, orchards and gardens. In the artisanal Adobe process, horse manure 

is used, which generates a certain permeability to the mixture because it contains horse manure. 

 

The Manure, preferably horse and cow, provides fibers and organic compounds that improve 

cohesion and water resistance; Therefore, use fresh manure and dry it in the sun for 3 or 4 days to reduce 

the moisture content before incorporating it into the mixture (Hussain & Ishida, 2013). 

 

Box 3 
 

 
 

Figure 3 

Horse Manure 

                                                        Reference: image own authorship_ 

horse Manure_itsh 

 



97 

 

Nopal 

 

The use of the cactus as a binder in construction has deep historical roots, especially in Mesoamerica, 

where it was used in the construction of buildings and other structures. The ability of the cactus to act as 

a binder is due to its high content of mucilage, a gelatinous substance found in its cladodes (the blades 

of the cactus). This mucilage has adhesive properties that, when mixed with lime, earth or other materials, 

can improve the cohesion and resistance of the mixture (Rodríguez-González, S. 2000) 

 

The nopal has been used in construction since pre-Hispanic times. A notable example is its use in 

the production of calicanto, a type of mortar made of lime, sand and cactus mucilage, which was used in 

the construction of important structures such as churches and colonial buildings in Mexico. (Torres 

Acosta, A. A. 2017).  

 

In more recent research, the study of cactus pear has been resumed as an additive in mixtures for 

mortars and concrete, due to the search for more sustainable materials with less environmental impact. 

According to studies, the incorporation of cactus mucilage in construction mixtures can increase the 

plasticity and workability of the material, reduce permeability and, in some cases, improve the durability 

of structures (Torres Acosta, A. A. 2017) 

 

Preparation of the Mixture 

 

Base Mix 

 

The selected soil must be removed from all types of stones and foreign elements and completely 

moistened, allowing it to rest for two days before molding. Find the ideal place to place the adobe 

production. To prevent the adobe from sticking to the floor, sand should be spread over the entire floor. 

About two people are needed to produce considerable adobe in a single work day under very good 

working conditions, and with wooden molds which are called adoberas. 

 

The straw is added during the trampling of the adobe. Water must be added to the mixture in 

small quantities, taking care that it does not become too wet. When placing it in the mold and removing 

it, it must remain in its state without considerable deformations if at all. Not much water was added to 

this one. 

 

Summary of the preparation of mud for adobe. 

 

- Make the mud and sleep it for 1 to 2 days. 

- Mix the straw with the mud, recommended dosage, 1 shovel of straw for 5 shovelfuls of mud and 

mix with the shovel. 

 

Recommendation 

 

Soil Sifting: Sifting soil to remove stones and other debris. 

Initial Mixture: Mix the soil with water until obtaining a plastic and homogeneous consistency. 

Incorporation of Straw: Add straw in a proportion of 5-10% of the total volume of the mixture. Make 

sure the straw is well distributed throughout the mixture. 

Manure Incorporation: Add manure in a proportion of 3-5% of the total volume. Mix well to ensure 

uniform distribution (Catalán, P., & Moreno, J. Y 2019) (Minke, 2000) (Hussain & Ishida, 2013). 

 

Block Molding 

 

- When adding the mud to the adobe mold, it should be sprinkled with sand to prevent the mass of 

earth from sticking to the mold when it is removed. 

- In the line to place the adobes, an insulating layer of sand must also be added to the floor, to avoid 

wetting processes of the adobe. 

- Turn them on their edge in an average of 4 days for optimal drying. 

- A week later, stack them in a warehouse. 
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Appropriate percentages for the production of abobes. 

 

According to several studies carried out for the production of adobes, the earth must consist of sand, silt 

and clay materials. 

 

- Sand: 55% to 75% 

- Limos: 10% to 28% 

- Straw: 15% to 18% 

- Organic matter content: < 3% 

 

Keep in mind that, in some cases, other types of materials are added, such as goat excrement and 

residues from barley or oat crops. The adobe blocks are adhered to each other with the same mud to build 

the walls or walls. 

 

Procedure: 

 

Use of Molds: Use standard size wooden molds to form the adobe blocks. This mold measures 14 

centimeters wide by 20 centimeters long and 10 centimeters high. It is made of wood. This mold will 

help us make blocks to shape the adobe so that we can work in a simpler way and be able to handle the 

adobe without so much problem. 

 

Box 4 
 

  
Figure 4 

Wooden Mold 

                                                       Reference: image own authorship_ wooden 

Mold_itsh 

 

Compaction: Compact the mixture inside the molds to eliminate possible air pockets and ensure uniform 

density. 
 

Extraction and Initial Drying: Remove the blocks from the molds and place them on a flat, well-ventilated 

surface for initial drying (Catalán, P., & Moreno, J. Y 2019). 
 

Drying and Curing 
 

The bricks or adobe blocks must be left to dry for 3 weeks. After 10 days, the adobe blocks are placed 

on their sides or edges for uniform drying so that they acquire high resistance capacities. After all, these 

processes can be stack. 
 

¿How to make adobe more resistant? 
 

The key to making very strong adobe bricks is in the mixture. The ingredients must be combined wet and 

then added water. The best resistance is obtained when the beaten mud does not stick to the feet when 

finished. This process of stepping on the mud must be done for at least 10 minutes. 



99 

 

Straw and, to a lesser extent, coarse sand should be added to control the micro-cracking of the 

mortar during the drying process, to improve the resistance of the adobe. 

 

This earth used for adobe must have between 15% and 18% clay, and the rest must be sand or 

coarser aggregates, an excess of clay can produce cracks in the long term and a shortage of clay can 

produce fragmentation due to a lack of cohesion. 

 

The mixture must be introduced into the mold, then compacted in it, removed from the mold and 

allowed to dry (drying is known as curing, as in concrete), this outdoor drying process can last around 

10 to 10 minutes. 21 days (3 weeks), to then raise the walls. 

 

Procedure: 

 

Sun Drying: Dry the blocks in the sun for at least two weeks, turning them regularly to ensure 

even drying. 

 

Final Curing: Continue drying in a covered area for at least another two weeks to allow complete 

curing and minimize cracking (Minke, 2000). 

 

Tests and Evaluation 

 

Compression Strength 

 

 Carry out random compressive strength tests on the dry blocks using a hydraulic press which have 

a value between 1.2 and 2.5 MPa. Record the maximum strength before failure of the material. (Catalán, 

P., & Moreno, J. Y 2019). 

 

 Reference: "Compression testing is crucial to ensure the structural integrity of adobe blocks." 

(Catalán, P., & Moreno, J. Y 2019). 

  

Waterproofing 

 

Water Absorption Test: Immerse the blocks in water for a period of 24 hours and measure the weight 

gain to determine water absorption. Simulated Rain Test: Expose the blocks to a continuous stream of 

water for a period of time and observe the resistance to surface erosion (Minke, 2000). 

 

Reference: "Water absorption tests are essential to assess the effectiveness of natural additives in 

enhancing adobe's water resistance." (Minke, 2000). 

 

Durability 

 

Wetting and Drying Cycles: Subject the blocks to several wetting and drying cycles to evaluate their 

durability under conditions of fluctuating humidity (21 repetitions). 

 

Crack Observation: Visually inspect the blocks after each cycle to detect the appearance of cracks 

or structural damage (Hussain & Ishida, 2013). 

 

Reference: "Durability testing through wetting and drying cycles helps in understanding the long-

term performance of earthen materials." (Hussain & Ishida, 2013). 
 

Results 

 

Section.1 Field investigation 

 

The field research for the creation of the adobe involved studying the composition of the local soil, the 

availability of materials such as clay and straw, to obtain the material, in which we investigated which 

materials were suitable and which ones we had in the locality, for example, the red earth in which we 

found in a nearby area which made it easy to obtain. 
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Section.2 Material selection 

 

Sustainable natural materials were selected, such as clay, manure, sand, straw, water and cactus as a 

natural binder.  To make the adobe, it was organized to distribute the material and each person get what 

was provided to us. 

 

Section.3 Change of shape to reach said product 

 

It was observed that ecological adobe can be made in various ways of mixing, such as being processed 

by machining or traditionally as we do in the samples obtained, in which after mixing the materials we 

compact it in a mold to give it shape. Adobe blocks improved with straw, manure and cactus showed a 

30% increase in compressive strength compared to traditional blocks. Blocks with 10% straw and 10% 

manure by weight proved to be the strongest, reaching an average strength of 3.5 MPa (mega pascals). 

 

Box 5 

Table 1 

Resistance in MPa of different mixtures 

Percentages of mixed materials for adobe tests, made with 5 

blocks of each type of mixture 
Resistance in 

Mpa. 

Clay Straw Manure Nopal Lime    
60 20 10 5 5 2.90MPa 

70 10 10 5 5 3.2MPA 

75 10 10 5 0 3.5MPa 

70 20 10 0 0 2.45MPa 

65 15 10 0 10 2.84MPa 

70 10 15 5 0 3.3MPa 

 

 

Section.4 Production 

 

In this stage, the continuous manufacturing of the adobe is carried out, which will depend on the amount 

of resources that are at hand, such as the amount of raw materials, molds, labor, space for the adobes to 

rest. , product demand, among others. 

 

 

Box 6 

Table 2 

Title [average production Time] 

Mix Quantity 

Number of 

adobes Brick 

30*20*10 

Mixing Time 

in minutes 

Molding Time 

in minutes 

Average Production 

Time in Minutes 

1m3 156 20 2 2.12820513 

 

 

Section.5 Drying and Curing 

 

The bricks or adobe blocks must be left to dry for 20 days. After 10 days, the adobe blocks are placed on 

their sides or on their edges for uniform drying so that they acquire high resistance capacities, after all 

these processes. can be stacked, it can be seen that the longest waiting time is the drying time, which 

means that each batch of 156 adobes takes 20 days to reach the customer. 
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Box 7 
 

 
Figure 5 

Adobe brick 

                                                       Reference: image own authorship_ Adobe 

brick_itsh 

 

Section.6 Inspections 

 

At this stage, the drying process of the adobe was reviewed to avoid cracks, so if it was very dry, little 

water was added to obtain a piece of good quality and with the necessary specifications for sale. The 

blocks were subjected to water absorption tests by soaking them in water for 24 hours and measuring the 

weight gain. 50 adobes were also exposed to simulated rain for 48 hours, and their impermeability 

responded very well. 

 

The improved blocks absorbed 40% less water than traditional blocks. After exposure to 

simulated rainfall, the straw and dung adobe blocks maintained their structural integrity, while the 

traditional blocks showed signs of surface erosion. 

 

For the adobe that was obtained, with an average weight of 6.5 kilograms, it was observed that it 

only absorbs 1.08 liters of water, which is 18% absorption. 

 

Box 8 

Table 3 

Water Absorption 

Mix Resistance in Mpa. Absorption of liters of water 

1 2.90MPa 1 

2 3.2MPA 1.17 

3 3.5MPa 1.17 

4 2.45MPa 1.8 

5 2.84MPa 0.97 

6 3.3MPa 1.24 

 

Section.6 Finished product 

 

The adobe was completed according to the established time and the process was carried out properly so 

it meets what is necessary for manufacturing and sale. A life cycle analysis was carried out to evaluate 

the environmental impact from the extraction of materials to the construction of an adobe wall. As seen 

in the table, tests were applied to 156 adobes, which gave an average resistance of 3.2 KPa. 
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Box 9 

Table 4 

Average Resistance of the Different Mixtures 
 

Variable N Average 

Standard 

Error of the 

Average 

Standard 

Deviation 

 

Minimum 
Median Maximum 

Resistance in MPa 156 3.0644 0.0260 0.3241 2.4500 3.2000 3.50000 
 

 

Conclusions 

 

- The production of improved adobe resulted in 20% less CO₂ emissions compared to the 

production of concrete blocks. 

- The use of manure and straw, waste materials, minimizes the need for additional resources and 

reduces agricultural waste. 
 

The production of waterproof adobe is a process that requires a careful selection of materials and 

a correct combination of them to achieve a waterproof and durable final product. In the case of working 

as a team, collaboration and coordination between members are essential to guarantee success in the 

manufacture of waterproof adobes. 
 

Using materials such as sand, red dirt, dirt, straw and water, each team member will play a crucial 

role in the making process. Sand and red soil will provide the necessary structural strength, while earth 

and straw will help improve the plasticity and adhesion of the mixture. Water will be the key element to 

achieve the proper consistency in the mixture. 
 

During the production of waterproof adobes, it is important that the team follows a detailed work 

plan that includes the preparation of the materials, their proper mixing, and the molding and drying of 

the adobes. Each team member will have to perform specific tasks, such as accurately measuring the 

materials, kneading the mixture evenly, and carefully shaping the adobes. 

 

Effective communication between team members will be essential to ensure that instructions are 

followed correctly and that any issues that may arise during the production process are resolved in a 

timely manner. Additionally, collaboration and mutual support will foster a positive and productive work 

environment. 

 

At the end of the production of the waterproof adobes, the team will be able to enjoy the fruit of 

their joint work, obtaining a quality product that can be used in various construction applications.  

 

Shared experience during the manufacturing process will strengthen the bonds between team 

members and build trust in the ability to work together to achieve a common goal. 
 

In conclusion, the production of waterproof adobe made as a team with materials such as sand, 

red earth, dirt, straw and water is a process that requires effective collaboration, individual skills and 

teamwork. The final result will be a resistant and durable product that will reflect the effort and dedication 

of the team in achieving a common goal. 

 

Annexes 
 

Box 10 

Table 5 

Advantages And Disadvantages of Adobe Brick 
 

Advantages Disadvantages 

Good Thermal and Acoustic Insulation. Tends to Be Fragile. 

Easy Manufacturing and Dries simply in 

the sun. 

When it is Used for construction it is not 

possible to add more Weight to this. 

Its price is Affordable. Does not Resist Torsion. 

It is Ecological. It is not shock Resistant. 

Absorbs Heat and Keeps Cool. It can Be Destroyed in very drastic 

weather such as Storms. 
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Box 11 

Table 6 

Types of Adobes 

 

Types of Adobes 

SIMPLE ADOBE 

 

 

(Not standardized) 

Solid block of 

unsewn earth may 

have straw and/or 

small stones in 

engraving mode 

 

 

 

ADOBE 

SEMI 

STABILIZED 

Brick resistant to 

moisture due to its 

usual composition 

of 3% to 5% 

stabilizing agent or 

waterproofing 
agent.  

 

STABILIZED 

ADOBE 

Solid block of 

unsewn earth that 

also contains more 

elements such as: 

asphalt, lime, 

cement.  
 

 

 

 

 

Box 12 

Table 7 

Adobe Shape Table 

 

Forms and uses of adobe brick 

 

 

 

ADOBE CLASSIC 

 

Approximate weight: 6kg 

Construction: traditional 

on first floors, mortar of 

the same composition is 
glued to the pavement. 

 

 

 

 

HALF ADOBE 

CLASSIC 

 

Approximate weight: 3kg 
Construction: traditional 

on first floors. 

Used for the edges on the 

walls where doors and 

windows go, avoiding 

cutting adobe by hand. 

 

 

 

SOLID GUTTER 
 

 

Approximate weight: 

3.5kg 

Construction: traditional. 

It is used to internally 
reinforce walls with iron 

and concrete making walls, 

beams, doors, windows. 
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