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ABSTRACT 

  

This work presents results on the application of a crack treatment by using clayey material in 

cement mortar. In this way, it is analyzed the behavior of the material applied in the external 
pathologies of a residential property. Results are presented in order to explain all the stages of 

the methodology used here, as well as to display some features of the method such as the time 

of observation, an attribute determined after the application of the technique. From the results, 

it is observed that the evaluations are in good agreement with what was expected for the 

technique. Since the developed mortar presented good texture and resistance, it was proven that 

the material is suitable to be applied in engineering services. It is interesting to observe that the 

method achieved a good resistance, since in just seven days of healing it became higher 

compared to the reference trace. This feature is due to the way the trace is executed, since this 

procedure directly affects the results. Another important benefit obtained with the proposed 

method is related to the infiltrations, where all points have ceased and the pathologies did not 

reappear. It is emphasized that the observation was made for a period of one year, an appropriate 
time for the occurrence of new pathological manifestations. In addition, the new material was 

applied in the cracks of a fence wall located in a residence at Manaus, Amazonas. In this way, 

the occurrence of pathologies is probably related to the shrinkage in concrete. This process is 

due to the loss of volume that occurs in the cement mass, being related to the reduction of excess 

water from the mixture by the evaporation method. The main objective of using cement mortar 

is to eliminate this problem in the long-term maintenance, as it causes an aesthetic discomfort. 

Finally, the application of the method was proven to be suitable for the studied case, since we 

have observed a satisfactory result. Also, the method application had a low cost since it is 

derived from a natural material easily found in nature. 

 

Keywords: Cement mortar, Clay, Masonry cracks. 

 

 

I. INTRODUCTION 
 

Cracks are pathologies that manifest in masonry walls as 

openings up to 0.5 mm [1]. Such anomalies can occur due to design 

flaws, materials and execution and it is important to analyze what 

are their main causes, as it is always a general concern when any 

component of a building fails to meet the minimum requirements 

for which it was designed. As explained by [2], if the possible 

causes of cracks are not properly diagnosed and remedied, they can 

turn into large cracks. 

In this regard, these larger cracks are irregularities that 

affect the expected quality of the building, such as in water 

tightness, thermal and acoustic comfort, durability and even 

structural safety. These problems can be caused, according to [3], 

by: thermal movements, overload performance, foundation 

settlements, deformations of structural elements, chemical 

reactions in construction materials, among others. [4], states that 

cracking is a pathological manifestation that may indicate a 

dangerous state in which there is a lack of durability on the 
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construction, causing the building users to feel uncomfortable 

about the building security. 

It is necessary to make an exact classification of the crack, 

regarding its origin, its dimensions and, above all, its severity, in 

order to identify the need to proceed to its treatment and the choice 

of the appropriate technique and materials for its repair [4]. 

According to [5], using clay is one of the oldest building 

techniques in the world, and also comprises one of the first 

materials to be used for this purpose. From the point of view of 

sustainability, the clay presents several advantages. Countless 

ancient civilizations have used different clay construction 

techniques. In addition, several of them were widely used during 

the colonization of Brazil, being left aside with the industrialization 

process. For [6] states that studies related to the application of clay 

with some type of additive are of great value, since they can enable 

the development of products with greater resistance and durability, 

in addition to reducing costs and environmental impacts. 

The aforementioned material is present in several 

compositions of cement mortar. In this way, the use of metakaolin-

like calcined clays as pozzolanic material for mortars and concrete 

has received considerable attention in recent years [7]. Also, the 

most used clays for the production of pozzolana are kaolinite, 

montmorillonite and illite [8]. 

This study analyzes the use of a clay mixture in the cement 

paste in order to treat cracks, infiltration and aesthetics problems, 

where one of the main points is to find positive results. Moreover, 

it is important to mention that a cement mortar with clay mixture 

can be applied in different areas of civil construction (e.g. glue for 

deep drainage pipes) [9]. 

Therefore, the present manuscript aims to verify if the 

above-mentioned technique presents positive results in the 

treatment of cracks by performing the following procedures: to 

examine the cause of the cracks in a sealing masonry, to test the 

durability and resistance of the applied mortar, to analyze the 

behavior of mortar and cracks for a period of one year, to verify the 

advantages and disadvantages of using clay, and to study the 

behavior of this material applied to the external cracks in a 

residential property built using non-structural sealing masonry. In 

short, we present all the stages, procedures and their results after 

one year of applying the technique. 

 

II. METHODOLOGY 

 

This study was conducted performing the steps described 

below and detailed in the subsections. 

The first one consisted of a bibliographic research on the 

properties of clay, as well as the advantages and disadvantages of 

using it. As part of the first step, measurements of the strength of 
this material were obtained by carrying out a compression test in 

laboratory. Also, the addition of 20% and 30% of clay material was 

made to analyze whether mortar with a quantity greater than 10% 

would have the same behavior. From this perspective, it is 

emphasized that adding a quantity less than 10% is not the most 

appropriate, as shown in [9]. 

The second step was based on studying the causes of 

cracks on a residential property located in the city of Manaus, 

Amazonas. 

At last, the third step consisted of studying and applying 

the cement mortar with clay in the pathologies. After this 

procedure, the behavior of the mortar started to be monitored. From 
this perspective, possible anomalies and infiltrations were also 

photo-recorded during the period of one year. 

Then, the process of photo collection started in order to 

record and detail all stages of the methodology. Thus, from the 

above-mentioned steps, the possible cases of pathological 

manifestations were identified and presented. 
 

II.1 GENERAL ASPECTS OF CLAY 

 

The clay is a rock consisting essentially of a group of 

minerals called clay minerals [10]. For [11] states that this material 

is originated from the decomposition of rocks. In this way, the 

types of clay can be classified into primary, formed in the same 

location as the rocks, or secondary, formed by weathering. 

The term sensu lato clay is used to designate a natural 

inorganic material of fine granulometry, which presents a plastic 

behavior when mixed to a certain amount of water. From a 

sedimentological-granulometric point of view, the clay fraction 
corresponds to the set of particles smaller than 2 µm or 4 µm [12]. 

According to [13], some other types of clay material are currently 

used: 

 

• Kaolin: a clay consisting essentially of kaolinite with a 

very high refraction index; 

• Bentonite: a residual clay resulting from the alteration of 

volcanic ashes or acidic tufts, with a very fine granulometry and 

variable color. It is emphasized that the bentonite, due to its 

properties such as plasticity, impermeability, resistance to 

compression, and low compressibility has also other applications 
in civil engineering (e.g. landfill cover, basin waterproofing) [14]; 

• Common clay: the most common type of clay in nature. 

This material is mainly used in the manufacture of low-cost 

ceramic products; and 

• Fibrous clays: a type of clay composed of fibrous clay 

minerals belonging to the group of paligorsquite and sepiolite. 

 

The clay used in this work was collected in a deep 

drainage construction, placed in the Japiim neighborhood at 

Manaus, Amazonas. It is emphasized that this site corresponds to 

the same source of clay described in [9]. In addition, the material 

used here is characterized as ordinary clay or red clay. In this way, 
the red clay is originated from physical and chemical weathering 

over rocks with a greater predominance of iron oxide, which gives 

rise to particles much smaller than grains of sand. 

From that perspective, one of the predominant chemical 

components of the material used in this work is iron oxide. In civil 

construction, expanded clay is generally used in the mixture of light 

concrete due to its low density. In this context, the impermeability 

is also an important factor. Regarding the common clay, it is 

generally used for manufacture of ceramic products, but it is worth 

mentioning that there are two main types according to its use: 

pottery clay and brick clay [15]. 
 

II.2 ADVANTAGES AND DISADVANTAGES OF USING 

CLAY 

 

According to [5], clay as a building material has certain 

advantages and disadvantages. In this context, the use of clay 

provides a healthy environment, since it is able to absorb and lose 

moisture faster than any other building material. Also, due to its 

thickness and density after molding, the clay reduces the 

transmission of noise, and when compared to other materials it is 

more economical than the industrial ones. It also provides low 

maintenance and long durability, because after being built and 
sealed the clay should not need maintenance for about 10 to 20 

years. However, the disadvantages of using clay in civil 
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construction are related to the fact that it is not an impermeable 

material, so the contact with water must be avoid in order of 

prevent cracks occurrence.  

Moreover, the employment of expanded clay as a coarse 
aggregate brings numerous benefits, such as thermal and acoustic 

comfort, also being considered as an economic and ecological 

solution in the use of concrete [16]. 

 

II.3 THEORETICAL ASPECTS OF BUILDING 

PATHOLOGIES 

 

According to [17], cracks can be caused by several factors. 

Some of the most common causes are: excessive load on walls, 

temperature variations, retraction of blocks, and concrete elements. 

The masonry cracks in buildings are a sign that something 

is wrong, which may compromise water tightness, sound insulation 
and even the building structure. Even though there are no risks in 

the structure, the cracks have a very negative aesthetics effect on 

the residents, and it is natural to them to demand the solution of the 

problem [19]. 

For [20] states that the openings are classified according 

to their thickness in: crack, large crack, disruption, slit, or breach. 

This classification is presented in Table 1: 

 

Table 1: Classification of pathologies according to their openings. 

Pathology Opening (mm) 

Crack up to 0.5 

Large crack 0.5 to 1.5 

Disruption 1.5 to 5.0 

Slit 5.0 to 10.0 

Breach > 10.0 

Source: Adapted from [21]. 

 

According to [21], the pathologies can occur due to the 

human error during the design phase, the execution phase or even 

during the use phase. For instance, in a survey conducted in 

Belgium by Reygaerts, it was found that out of 1200 cases the most 

common causes of cracking were [22]: 

 
• 35% corresponding to the movement of the reinforced 

concrete structure; 

• 25% due to the thermal influence; 

• 25% due to the hygrometric influence; and 

• 15% due to the movement of the foundation. 

 

According to the [23] DNIT 083/2006 standard, cracks 

and large cracks are specific and unavoidable phenomena of 

reinforced concrete that can occur in each of the three following 

phases: plastic phase, hardening phase and hardened concrete 

phase. These pathologies are generated by several factors, where 
one of the most recurrent is the retraction process. In this way, the 

retraction movement start by the loss of moisture in the coating at 

its early stages, causing the appearance of internal tensile stresses 

that are relieved through the crack’s occurrence. 

 

II.4 APPLICATION OF THE TECHNIQUE 

 

A conventional one-floor residence was chosen to study 

and analyze the pathologies and the application of the developed 

mortar. The masonry wall is sealed and located outside the house, 

and already had certain anomalies along its entire length, such as 

cracks and infiltrations (Figure 1). 

 
Figure 1: (a) Occurrence of cracks in the masonry wall, and (b) 

crack depth measurement. 

Source: Authors, (2020). 

 

From the above process, a set of photos was taken in order 

to present the treatment step by step, from its initial state to its 

finishing. Started the process of treating pathologies, the first step 

was to scarify it, as it is necessary to stimulate the opening of the 

fissure so that the applied product enters more easily and more 

efficiently (Figure 2). 

 

 
Figure 2: (a) Scarification process, and (b) surface cleaning step. 

Source: Authors, (2020). 

 

Then, the surface was cleaned with water, a fundamental 

procedure to remove the dirt and dust that remained on the surface 
after scarifying it. Thus, the product can have a good adhesion on 

the masonry (Figure 3). 

 

 
Figure 3: (a) Cleaning with water and sponge, and (b) cleaning 

completed. 

Source: Authors, (2020). 
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Then, the mortar with ten percent of clay was applied. In 

order to facilitate the application, a silicone bag was used (Figure 

4). 

 

 
Figure 4: (a) Mortar application, and (b) completed application. 

Source: Authors, (2020). 

 

The wall was sanded three months after the mortar 

application. It is emphasized that this is the time necessary for the 

mortar behavior to be analyzed. Afterwards, the masonry was 
painted (Figures 5 and 6). 

 

 
Figure 5: (a) After sanding, and (b) used ink - Iquine brand 

Source: Authors, (2020). 

 

 
Figure 6: (a) First coat of paint, and (b) masonry finish. 

Source: Authors, (2020). 

 

After the service was completed, the behavior of 

pathologies in the masonry was observed for a period of one year. 

 

II.5 STAGES FOR THE THREATMENT 
 

The main steps necessary to carry out the treatment are 

summarized below: 

 

• Scarification; 

• Surface cleaning; 

• Mortar application; 

• Sanding; 

• Masonry painting. 

 

II.6 TESTS PERFORMED 

 
According to [24], the main characteristic of concrete is 

its resistance to compression, which is determined by the test of 

specimens submitted to compression. This test also allows to obtain 

other characteristics of the material, such as the longitudinal strain 

module contained in NBR 6118/2010. 

In this way, the compressive strength was performed over 

cylindrical specimens of 10 cm in diameter and 20 cm in height, or 

5 cm in diameter and 10 cm in height. The test was based on 

increasing the tension gradually until the rupture of the material, 

according to NBR 5738/2015. In order to execute the procedure, 

the cylinder must be filled with concrete, in four layers. Each layer 
must receive 30 strokes with a metal rod, where the strokes must 

not touch the lower layer. 

After compacting the last layer, the surface must be 

leveled with a spoon. After a 24-hour period, the removal of 

specimens from molds is performed. Each sample must be 

identified and must go immediately to wet curing, so that water 

reduction and alteration of the results in the resistance tests are 

avoided. The rupture of the specimens is usually performed in 7 

and 28 days. After the days have passed, the specimens are taken 

to a press where their resistance to compression is measured. From 

the result of this test, it is verified whether the concrete reached the 

resistance determined in the project or not. 
 

III. RESULTS AND DISCUSSION 

 

This section presents the obtained results, as well as an 

analysis of the procedures based on their respective standards and 

technical instructions as it was obtained from DNIT Standard 

083/2006 - Treatment of cracks and large cracks. 

The studied masonry wall presented pathologies of less 

than 0.5 mm, being classified as cracks. The cause of these 

anomalies can be attributed to several factors, such as the retraction 

of the mortar, and also to the components used to build it. It is worth 
mentioning that after the construction of the original wall was 

completed, its structure collapsed. Thus, it was necessary to hire a 

new service to reform the wall. Certainly this second work 

presented problems of execution, which leads to be another 

probably cause for the development of these pathologies. 

Consequently, analyzing the results obtained after the application 

of the material on the sealing masonry, it was proven that the 

developed mortar performed well, since the cracks and infiltrations 

did not reappear after the procedure (Figure 7). 
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Figure 7: (a) Masonry wall after 1 year of observation. 

Source: Authors, (2020). 

 

The compressive strength test was performed at 7 and 28 
days (Figure 8). The tests presented satisfactory results, since it was 

achieved the minimum fck, equal to 25 Mpa. For each dosage, two 

specimens were made with 10%, 20% and 30% of clay. These 

specimens were planned to be broken after 7 and 28 days, and the 

trace used as a reference was the same as used by [9] (Table 2). 

 

 
Figure 8: (a) Compression test press, and (b) developed specimen. 

Source: Authors, (2020). 

 

Table 2: Mass of the materials to be used on concrete, with 10% 

of clay. 

Dosage - 10% Clay 

Material Mass (Kg) 

Water 0.25 

Cement 1.00 

Sand 0.50 

Additive 7% 

Clay  10% 

Source: Authors, (2020). 

 

According to the procedure found in [9] Menezes (2018), 
it was used an amount of clay with 8% and 10% in the mortar, since 

it was proven that the 10% dosage is more efficient. In the same 

way, a dosage was made by using the aforementioned trace, and 

two more dosages adding 20% and 30% in order to check whether 

mortar with a higher amount of clay material would have the same 

effect. In this way, after the compression test, the results of the 

resistance of each dosage after 7 days of curing were obtained 

(Figure 9). 

 

 
Figure 9: Mortar strength after 7 days of wet curing. 

Source: Authors, (2020). 

 

As mentioned above, it can be observed that in just 7 days 

of wet curing the mortar had a good result, reaching over 25Mpa in 

all dosages. Then, the specimens were tested with 28 days of wet 

curing, where it was obtained a very satisfactory result (Figure 10). 

 

 
Figure 10: Mortar strength after 28 days of wet curing. 

Source: Authors, (2020). 

 

Therefore, comparing with the results of [9] (Table 3), it 

can be observed that the resistance data presented in this study 

(Table 4) proved to be superior. In this context, the Tables 3 and 4 

present the compressive strength results regarding the dosage with 
10% of clay. It is emphasized that only the additive was removed 

from the reference trace, as it is a material with a high economic 

cost. However, the other dosages were applied strictly. 

 

Table 3: Compressive strength. 

Days Compressive strength - CPII-s4-40 (MPa) 

7 7.96 

14 17.65 

28 28 

Source: [9]. 

 

Table 4: Compressive strength with an average dosage of 10%. 

Days Compressive strength - (MPa) 

7 27.71 

28 28.4 

Source: Authors, (2020). 
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In this regard, [9] states that the use of clay material 

together with a superplasticizer additive in mortar is highly 

effective, since this experiment presented good results and can 

contribute to future works in civil construction. 
 

IV. CONCLUSIONS 
 

The clay material can be used in several areas, such as in 

the manufacture of ceramics, in semiconductors for computer 

equipment, in the manufacture of bricks, manufacturing of cement 

and others. In ancient times, houses were made of clay, but since 

this material becomes plastic when in contact with water, it was 

necessary to use a sealant. It is interesting to mention that the clay 

material was widely used mainly due to its low economic cost, as 

well as due to its ease of being found in nature. After the tests and 

analyzes on the addition of clay in mortar, it was observed that both 
in terms of strength and consistency, the result was quite positive. 

Consequently, aiming to find a good solution for the treatment of 

cracks, it was observed that they did not reappear after the 

employment of the method. In this way, it is emphasized that they 

were observed and analyzed during a period of 1 year, as described 

in the methodology section. Starting from the concept of cracks as 

pathologies, it is emphasized that these anomalies can be caused by 

the concrete retraction process, and this action occurs due to the 

loss of water in the mortar. However, the anomalies were observed 

in the passive form, that is, it would not evolve in size or depth.  It 

is worth mentioning that the infiltrations ceased, since the 
pathologies existing in the upper part of the masonry were treated 

with the developed mortar, what solved the problem. Taking into 

account what was previously mentioned, [9] only used the 

proportion of 10% of clay in the dosage. In this context, our study 

proved that it is possible to use an additional amount, such as 20% 

or 30%, as it does not interfere in its properties.  In addition, the 

mortar with 30% of clay presented a good resistance to 

compression and good workability. The compression test was 

carried out at the Konkrex concrete plant (at Manaus, Amazonas) 

by using a hydraulic press, as shown in the methodology section. 

The mortar used in this study proved to be more 

appropriate for the studied case that one used in [9]. A plausible 
explanation would be due to not using the additive in the dosage, 

the way in which the materials were mixed, as well as the density 

of the specimen. It is worth mentioning that there were no 

difficulties in applying the material on the masonry wall. 

We concluded that this material is effective on treating 

masonry cracks, and can be also used as glue for deep pipes, 

confirming what was stated by [9]. In addition, mortar has good 

resistance to compression, and its use is more economically 

accessible when compared to acrylic or plastic sealants, canvas, 

waterproofing materials and other treatments, as it can be found in 

nature easily and due to its easy applicability. Finally, this material 
should be more explored as it can contribute even more in civil 

construction, since it presented good results. 
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