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Abstract 

The following research article had as a purpose to analyze the 

capacity that rubbish have, specifically the brick´s residues as 

a product of the demolition, for the use of fabricating masonry 

elements. This, through the design and preparation of a 

concrete mixture where it was replaced the gross aggregate of 

natural source in a 70% per mackerel of masonry in baked and 

triturated brick clay. Then, cylinders of 30 cm x 15 cm and 

blocks of 30 cm x 15 cm x 15 cm were elaborated for 

developing mechanical characterization essays, to compare 

the results, slights variations were observed in these 

properties.  

For the development of the research, a complex 

characterization of the gross aggregated materials (gravel 

from natural source and triturated brick), the fine aggregated, 

and the cement was made. That information was fundamental 

for calculating the design of a mixture for a 21 MPa 

compression resistance. Consequently, there was necessary to 

make essays over the fresh concrete for slump and air content. 

Finally, the fabrication of 30 cm x 15 cm cylinders was 

necessary too. In this moment, the implementation of three (3) 

proof mixtures was necessary to determine the proper content 

of cement, and then, to settle the mixture to obtain the 

necessary resistance. Finally, masonry blocks were fabricated 

and with those blocks were possible to characterize the 

elements mechanically. According to the essays, it was 

possible to determine that to fabricate masonry mackerel 

aggregates it is a possible option for concrete mixtures. 

However, the replacement of the gross aggregate from natural 

source in a 70% per recycled material, generates a higher 

consume of cement for obtaining the required resistance.  

As a conclusion, the triturated brick as a gross aggregated 

allows a proper management of the concrete mixture, and the 

masonry elements fabrication produces elements of good 

density and texture. Also, it is realizable its use in structural 

and not structural masonry. 

Keywords: construction and demolition residues, urban solid 

residues, recycled aggregates, concrete, mechanical essays of 

the materials. 

 

INTRODUCTION 

The demand of concrete on the construction industry makes 

really necessary the exploitation of big areas, with the purpose 

of obtaining aggregates (sand and gravel), which endures a 

meaningful environmental impact. On the other hand, these 

quarry zones are remotes, making more expensive the 

acquisition and transportation of the aggregates. This 

phenomenon augments the concrete production costs. 

DANE´s (Departamento Administrativo Nacional de 

Estadística) statistics present the massive consumption of the 

pre-mixed concrete in Bogotá, which was of a 33,8% and 

36,0% for 2015 and 2016 in national cyphers respectively [1]. 

This consumption is related to the construction of buildings 

and dwellings, as is reported by DANE through the IEAC 

(Indicadores Económicos Alrededor de la Construcción), who 

say that for the third trimester of the 2016, there was an 

augment of the 11% in the subsector of the buildings, and an 

augment of the 1.9% in the subsector of the civil works [2].  

This panorama not only allows to affirm that exists a wide 

consumption of materials, but also, a big production of 

construction residues –as rubbish are-, whose depository 

demands big surfaces, which in many cases, are sent to 

sanitary landfills and slag heaps unsuitably, reducing the 

useful life of these areas. For instance: Bogotá. The 

Environment District Secretariat reported that for 2012 year 

more than 226.000 tons of contaminated rubbish were leave 

out in Doña Juana´s sanitary landfill, what represented the 

10% of the total of residues for that year, restricting the store 

capacity in a sanitary landfill that presents serious waste 

harbor problems [3]. 

These events have generated a massive impact on the 

environment, like the soil damage in the material exploitation 

process and the usage of the soil as a mackerel’s store. All 

these are actions which bring serious modifications in the 

environment like the removal of trees and the coating plant, 

fauna displacement, machinery noise, and the pollution of the 

water, especially when these activities are not regulated.  

Colombia does not have specifications to determine the ranks 
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or characteristics that must fulfill the recycled aggregates used 

as construction material. However, there are works which are 

focused on the implementation of the self-sustainability policy 

on the construction industry. Universities are currently 

representing an important role, participating actively in 

studies and researches about the production of materials and 

the usage of rubbish. Also, they propose alternatives for 

reducing and mitigating the environmental impact through the 

construction and demolition residues reuse (CDR). 

The following, are some examples in a national level. In 2012 

Ángela Pérez Rojas made a research with the Universidad 

Pedaggica y Tecnológica de Colombia with the purpose of 

“examining the possibility to use triturated brick as a gross 

aggregated in the process of making concrete”. Based on the 

results, “the recycled concrete can be used as any other 

conventional concrete, provided the percentage of the 

triturated and recycled brick does not exceed the 30%” [4].   

On the other hand, the Universidad del Valle made a research 

related to the production of concretes, using masonry residues, 

but not as a replacement of the gross or fine aggregated, but as 

replacement of a percentage of the cement, for the self-

compacting concretes preparation (SCC). They concluded that 

“the incorporation of the fines in masonry allowed the 

reduction of the cement quantity in a 10% to 50% in weight. 

As a consequence, the use of this residue represents an 

alternative viable that could contribute to the improvement of 

the environment” [5].   

Finally, Universidad Nacional de Medellín, made a research 

focused on infrastructure. The Laboratories Building used for 

its face, concrete blocks fabricated with recycled aggregates 

of potery material, which were excluded from the producers 

industry in Medellín. The firm that fabricated the blocks was 

INDURAL S.A from Medellín. This firm has developed 

important residues improvement technologies as: concrete 

demolitions and pozzolan, for transforming them in raw 

material for bricks and paving stones [6].     

In an international level, there are really interesting 

researches, which were taken as a reference for this research 

article. For instance, [7] studied the production of construction 

and demolition residues, but also the use of recycled 

aggregates in La Habana, Cuba. Another example is [8] who 

researched about the production of concrete blocks from the 

construction and demolition residues in Tanzania. On the 

other hand, [9] researched about concrete residues from 

construction and demolition which were recycled as arid for 

structural concrete. In addition to that, [10] researched about 

the characterization and use of construction and demolition 

residues in the south of Brazil for the production of foaming 

concrete blocks. Finally, [11] inquired for the recycling of the 

demolition residues process for producing durable concrete. 

All in all, the production of recycled aggregates is a 

considerable option which must be impulsed in a regional 

level, based on the researches and its results, which have 

proved its big potential for the proper-quality concretes, which 

represents a benefit for the environment.  

 

MATERIALS AND METHODS 

For the concrete mixtures, two aggregates of natural source 

and one recycled were used. It is necessary to delimit that a 

recycled aggregate (RA) is the resultant material from the 

processing (selection, pounding and riddleness) of the CDR, 

which also fulfill the technical requirements for a specific 

application [12].  

The gross aggregate used corresponds to gravel from 

Caqueza, which has been mechanically triturated and 

composed by angular and rugged particles characterized by 

colors like light grey, dark grey and orange. The fine 

aggregate corresponds to river sand from Caqueza as well, 

composed by rounded granule with light and dark color. 

For obtaining the recycled aggregate, there was an initial 

recollection of the brick´s mackerel, with an approximate size 

between 3’’ (73 mm) and 4’’ (102 mm). This aggregate was 

from the frontage and the walls of two demolished houses 

located in Santa Matilde in Puente Aranda, Bogotá. The baked 

brick corresponded to the “tolete”, which is a reddish and 

orange type.   

    

Figure 1: Mackerel from orange clay brick (left) and reddish 

(right) Source: authors. 

The adhered mortar was removed from the mackerel and then, 

it was underwent in a manual trituration in two parts, 

separately. One half of the material is triturated for having a 

gross material (with an approximated size of 1/2’’ or 13 mm). 

The other half is triturated until having a more fine material 

(with an approximated size of 1/4’’ or 7 mm).  

    

Figure 2: Picture from the recycled aggregate after the 

trituration: gross material (left) and fine material (right). 

Source: authors. 
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About the materials, the last corresponds to the grey cement 

type I produced by CEMEX, with a density of 2.922 g/cm3. 

There were cross-section taken from each material fomaking 

characterization essays, according to the Norma Técnica 

Colombiana (NTC), like: granulometry, NTC 77 [13]; specific 

weight or density NTC 221 [14], NTC 237 [15], NTC 176 

[16]; Bulk density or unitary weight, NTC 92 [17]; sand 

equivalent, NTC 6179 [18], and aggregates resistance to 

degradation, NTC 98 [19]. The most representatives are 

shown below.   

 

RESULTS AND DISCUSSION 

To find out the density and specific weight, the four (4) 

materials were tested taking into account a known mass, 

which volume was determined by the gravimetric or 

volumetric method, considering the measuring vessel used. 

The results are presented in the tablet 1. 

 

     

Figure 3: Test: accomplishment of density over cement and 

aggregates. Source: authors. 

 

Table 1. Results´ summary: specific weights. Source: authors. 

Material Norm Density 

(g/cm3) 

Absorption 

(%) 

Cement NTC 221 2,922 N.A 

River sand NTC 237 2,647 0,97 

Gravel NTC 176 2,557 2,5 

Triturated 

brick NTC 176 2,396 12,31 

 

As the Table 1 presents, the triturated brick´s density is 6.3% 

lower than the natural gravel, which is related to the elevated 

grade of porosity of the clay brick. This porous structure 

makes it more permeable and absorbing, 5 times more than 

the natural aggregate whose internal particles are more united 

and compacted. Similar results have been reported on 

previous researches; with respect to natural aggregate, the 

recycled aggregate has a lower density between 4% to 8% and 

a mayor capacity of water absorption (2 to 6 times) [12].  

An important characteristic observed from the gravel and the 

triturated brick, was its resistance to degradation, through the 

use of the “máquina de los ángeles”, where proofs of impact 

and trituration were done. It is important to say that the 

abrasive load was applied until complete 500 revolutions, 

considered as a model of granulometry material determined 

based on the specifications of the NTC 98. The results are 

shown and resumed on the tablet 2 and the pictures of the 

final demonstration are presented on the figure 4. 

 

  

Figure 4: Essay: triturated gravel and brick resistance to 

degradation. Source: authors. 

 

Table 2. Results´summary:  Degradation resistance. Source: 

authors. 

Material Resistance (%) 

Gravel 34,1 

Triturated brick 39,8 

 

Comparing the results of the Table 2 to the requirements of 

the NTC 174, according to the Tablet 3, the limit for the 

resistance to the degradation is 50%, making both materials 

suitable. However, the triturated brick is less compact making 

its interior touchier to suffer a fracture than in a natural 

aggregate, characteristic presented in the mechanical 

resistance of the mixture in the concrete to fabricate. The 

granulometry test for gravel and triturated brick was made 

using as a reference the sifters and granulometrical 

distributions of the NTC norm 174. 
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Table 3. Requisitos de gradación para agregado grueso de la norma NTC 174 [16]. 

Size of  

the  

agregate 

Nominal size  

(squared opening sifter) 

 

 Materials that exceed one of the following sifter (percentage in mass) 

 
 

In this case, the reference was the 67 gradation which was 

adjusted in the most of the distribution, except on the particles 

for sifter number 4, where there is an excess of material, as 

the figure 5 presents: 

 

 

Comparison gravel and NTC 174: fringe aggregated 67 

 
 

Diameter (mm)  Material: ---  Superior Limit: ---   Inferior Limit: --- 

Figure 5. Natural source gravel before the test (left) and 

gradation comparison to NTC 174 after the test (right).  

Source: authors.  

 

The triturated brick´s gradation was compared to the gradation 

number 67, where a well-distribution sizes aggregate was 

evident, but it had an excess of material between the sifters 

from, 4,75 mm and 2,36 mm. The excess of sand type material 

in the gravel and the triturated brick was essential to design 

the mixture of the concrete, because it reduces the quantity of 

fine aggregate.   

 

Comparison: triturated brick and NTC 174: aggregated fringe 67 

 
 
Diameter (mm)  Material: ---  Superior Limit: ---   Inferior Limit: --- 

Figure 6: Picture: triturated brick before the test (left) and 

comparison of the gradation to the NTC 174 after the test 

(right).  

Source: authors. 

100 mm 90mm 75 mm 63mm 50 mm 37,5 mm
25,0 

mm

19,0 

mm
12,5 mm 9,5 mm

4,75 mm (No 

4)

2,36 mm 

(No 8)

1,18 mm (No 

16)

1 90 mm a 37,5 mm 100 90-100 - 25-60 - 0-15 - 0-5 - - - - -

2 63 mm a 37,5 mm - - 100 90-100 35-70 0-15 - 0-5 - - - - -

3 50 mm  a 25,0 mm - - - 100 90-100 35-70 0-15 - 0-5 - - - -

357 50 mm a 4,75 mm (No4) - - - 100 95-100 - 35-70 - 10-30 - 0-5 - -

4 37,5 mm a 19,0 mm - - - - 100 90-100 20-55 0-15 - 0-5 - - -

467 37,5 mm a 4,75 mm (No4) - - - - 100 95-100 - 35-70 - 10-30 0-5 - -

5 25,0 mm a 12,5 mm - - - - - 100 90-100 20-55 0-10 0-5 - - -

56 25,0 mm  a 9,5 mm 100 90-100 40-85 10-40 0-15 0-5 - -

57 25,0 mm a 4,75 mm (No4) 100 95-100 - 25-60 - 0-10 0-5 -

6 19,0 mm a 9,5 mm - 100 90-100 20-55 0-15 0-5 - -

67 19,0 mm a 4,75 mm (No4) - 100 90-100 - 20-55 0-10 0-5 -

7 12,5 mm a 4,75 mm (No4) - - 100 90-100 40-70 0-15 0-5 -

8 9,5 mm a 2,36 mm (No8) - - - 100 85-100 10-30 0-10 0-5

Material que pasa uno de los siguientes  tamices (porcentaje en masa)Número el 

tamaño del 

agregado

Tamaño nominal (tamices 

de abertura cuadrada)
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About the sand river, the gradation obtained fulfills the 

distribution size limits of the granulometric reference fringe. 

In the figure 7 the results are presented: 

 

 

Comparison: san driver and NTC 174: granulometric curve. Fine 

aggregate 

 
 

Diameter (mm)  Sand river: ---  Superior Limit: ---   Inferior Limit: --- 

Figure 7: Picture: san driver before the test (left) and 

comparison to the gradation with NTC 174 after the test 

(right).  

Source: authors. 

 

Mixtures design and resistance of cylinders, bricks and low 

walls 

With the results of the materials´ characterization in the 

laboratory, the following procedure was to calculate the 

mixture design, using the Road Note Laboratory (RNL) 

method, which base is the logical sequence of suggested 

activities by the American Concrete Institute (ACI) method, 

but being oriented to the materials dosage that do not fulfill 

properly the granulometric recommendations of the American 

Society for Testing and Materials (ASTM) norms, specifically 

the ASTM C33 [20], which equivalent in Colombia is the 

NTC 174 norm [21].  

The developed activities for the mixture design were: 1. 

Slump election; 2. Election of the aggregate´s nominal size 

present in the mixture; 3. Air content estimation; 4. Mixture´s 

water; 5. Design resistance; 6. Election of the cementing 

water-material relation; 7. Cement content calculation: 8. 

Granulometric recommendations verification; 9. Water 

content setting and 10. Proof mixture setting [22]. The Table 4 

presents and resumes the preliminary values estimated for the 

mixture design. 

 

 

Table 4. Basic data for the mixture design.  

Mixture Design  Input Data 

Sttlement election (cm) 5,0 

A.N.S Election (inches) 1/2" 

Air content estimation (%) 2,5 

Mixture´s water election (Kg/m3 of concrete) 200 

Source: authors. 

 

The resistance design election and the cementing water-

material relation were determined considering the following 

aspects: 1. NTC 4026 norm “Concrete units (blocks and 

bricks) for structural masonry”, which suggests that the 

minimum resistance for A type masonry is 13 MPa for the 

three units average, and 11 MPa if the masonry element fails 

individually. Furthermore, the minimum resistance for B type 

is 8 MPa for the three units average, and 7 MPa if the 

masonry element fails individually [23]. 2. The concrete 

mixture for masonry elements of 30 cm x 15 cm x 15 cm was 

not calculated for a 13 MPa compression resistance. This part 

follows the Norma Sismo Resistente (NSR-10) [24] on its C 

Title named “Structural Concrete”, where establishes that the 

compression resistance f´c shall not be lower than 17 MPa, 

and must fulfill the durability and structural resistance 

requirements [25]. 

Based on the above, it was possible to conclude that the 

concrete for the masonry elements would not be exposed to 

extreme freezing and thaw conditions, sulfates exposition, or 

permanent contact with water. What is more, it would be 

superior to 17 MPa. Therefore, the design resistance selected 

was 21 MPa. Defined f´c, it was possible to determine the 

“average resistance to the required compression” f´cr, which 

is recommended by RSN-10 in the paragraph 5.3.2.2 [26] to 

make the mathematical calculation, which result is 29,3 MPa. 

About the granulometric recommendation verification, the 

natural gravel and the triturated brick did not fulfill at all the 

NTC 174 norm requirements. Consequently, the “concrete 

mixture granulometry” was analyzed by the granular 

stabilization, where the proportion of the materials in the 

mixture was calculated, taking as reference the granulometric 

strips from the Asociación Colombiana de Productores de 

Concreto (ASOCRETO), which provides nine (9) options for 

obtaining proper resistance and manageability concretes, 

taking into account the Maximum Size M.S of the gross 

aggregate. In that sense, the granulometric fringe M.S ¾’’ was 

selected, and the gross and fine aggregate dosage that had a 

better adaption was 60% and 40% respectively.  

The 70% of the gross aggregate was replaced by triturated 

brick, and the 30% remaining was natural gravel, as at the 

beginning. As a result, the final proportion of the three 

materials in the granulometry was about 18% for the gravel, 

42% for the triturated brick and 40% for the river gravel. The 

granulated stabilization result is presented on the figure 8: 
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GRANULOMETRIC FRINGE: THREE MATERIALS MIXTURE 

 

Diameter (mm)  Mixed material: ---  Superior Limit M.S 3/4: ---   Inferior Limit M.S 3/4: --- 

Figure 8: Granulometry ilustration for the concrete mixture.  

Source: authors. 

 

The final granulometry is in the reference range with an 

important content of gravel, gross sand and fine sand. It is of 

note, that there are two points of gradation, although are not in 

the limit, they are close. This phenomenon is presented 

because there is a higher presence of ½’’gravel, which is a 

0.86% more, and a higher presence of fine sand in the number 

100 sifter. This last event, could happened because during the 

triturated brick´s sifter process, its aggregates detach fine 

material and particles in a considerable way. 

About the cement content and proof mixtures calculation, two 

proof mixtures were done initially (M1 and M2). These were 

manually prepared, for observing the manageability of the 

mixture, and to define if the cementing water-material relation 

obtained would produce the expected compression resistance. 

That is why the water and cement variables were modified at 

random, what modified the s/mc (mixture slump and the 

compression resistance). The results are presented in the table 

5: 

 

Table 5: Results of the compression resistance test, mixture proofs. 

Mixture  Relation Content Slump Specimenes  Resistance Calculation 

Proof 

Number 
s/mc  

Of Cement 

for m3 of 

concrete (Kg) 

(cm) 

 

fabricated 
Charge (KN) 

Average 

Compression 

Effort (MPa) 

Resistance on 

% of f´c 

M1 

0.54 370.4 10 
(2) cylinders of 

200 mmx100 mm 

159,36 

17.06 

 

81.24% 

 
115,65 

0,52 370.4 7.0 
(1) cylinder of 300 

mmx150 mm 
290,6 15,74 75% 

M2 0,50 400 5,3 
(3) cylinders of 

300 mmx150 mm 

322,17 

18.71 89.1% 370,37 

334,77 

Source: authors.   
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Figure 9: Picture: compression resistance test in a mixture 

cylinder M2: charge suffered by the cylinder (left) and fault 

form (right).  

Source: authors. 

 

Due to the results dispertion it was planned a second phase in 

which the principal purpose was to fabricate cylinders for two 

types of mixtures: 1. A concrete mixture with triturated 

brick´s aggregate M3, that maintained the same water content 

per m3 of concrete, but with an increase in the cement content 

for improving the resistance and manageability of the mixture, 

what modified the relation a/mc to 0,40. 2. A concrete mixture 

only with natural aggregates, which was called M4, for 

comparing its behavior with the mixture that in fact, included 

the recycled material. Thus the granular stabilization process 

for both materials was done, and the results suggested that the 

proportion of the two aggregates in the mixture was of 55% of 

½ ’’ gravel and 45% of sand river. In this mixture the a/mc 

relation was of 0,54 cement content, 370,4 Kg/m3 of concrete 

and water, and 200 Kg/m3 of concrete. The mixtures were 

manually prepared. Four (4) cylinders were fabricated for 

each mixture, which two specimens failed at 4 and 14 days 

respectively, and the rest at 28 days old. The results are 

presented in the Table 6: 

 

Table 6: Compression resistance test: results. Settled mixtures.  

Mixture Relation Content Slump   Specimens  Age Resistance Calculation 

Number s/mc 
of Cement for m3 

of concret(Kg) 
(cm) 

 

fabricated 
days 

Charge 

(KN) 

Compressionn 

Effort (MPa) 

Resistance in 

% of f´c 

M3 0,4 520 5,2 
(4) cylinders of 

300 mmx150 mm 

7 320,24 17,33 83% 

14 226,16 12,25 58% 

28 477,16 
25.86 123% 

28 464,95 

M4 0,54 370,4 5,0 
(4) cylinders of 

300 mmx150 mm 

7 187,43 10,17 48% 

14 141,98 7,68 37% 

28 369,77 
19.91 94.8% 

28 357,71 

Source: Authors. 

 

The results show that the cement increasing allowed obtaining 

and overcoming the compression resistance f´c of 21 MPa in 

the concrete cylinders with triturated brick. However, the 

mixture with natural source aggregates M4 required a second 

test to obtain the resistance. The cement content for cubic 

meter of concrete was increased, from 370,4 Kg/m3 to 400 

Kg/m3. The water content was constant, and the cementing 

relation between water and material was settled. At the end, 

the obtained resistance was of 21,35 MPa. Inasmuch as the 

required resistance for the concrete with triturated brick and 

the natural aggregate concrete was obtained, it was proceeded 

to prepare the mixtures for the cylinders´ fabrication with a 

size of 15 cm x 30 cm and masonry elements of 30 cm x 15 

cm x 15 cm simultaneously. But in this case, the manual 

mixture was replaced by the mechanical mixture (electrical 

mixer), and the manageability of the concrete was improved 

in the fromwork process through the use of the Plastocrete 
additive from Sika. The recommended dosage is 0,5% of the 

cement weight existent in the mixture to prepare. The 

mixtures were classified like M5, M6, M7 and M8.  

 

    

Figure 10: Picture of the additive named Plastocrete: 

fabricant recommendations (left) and preparation of the 

solution with water (right).  

Source: authors. 
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In the Table 7 the quality control activities of the fresh and 

sitting mixture, the air content, the cylinders´ elaboration, and 

the preparation of the cylinders for the compression resistance 

test are presented 

 

Table 7: Activities resume: concrete preparation for 30 cm x 15 cm cylinders and 30 cm x 15 cm x 15 x cm masonry elements.  

 
Source: authors. 

The Table 8 presents the results of the compression resistance test, which was developed to the 28 days old cylinders: 

Table 8: Compression resistance test results. Concrete for cylinders and masonry elements.  

Mixture Smelt Relation Content Content Resistance Calculation 

Number Date s/mc Of Cement for 

m3 of concret 

(Kg) 

Of water for 

m3 of concret 

(Kg) 

Charge 

(KN) 

Average 

Compression Efort 

(MPa) 

Design 

Resistance 

(MPa) 

Resistance on 

% of f´c 

Standard 

Deflection 

M5 11/10/2016 0,54 370,4 200 390,6 21,10 21,0 100,5% 0,16 

383,9 21,0 

387,6 21,0 

M6 12/10/2016 0,5 400 200 388,3 24,53 21, 117% 2,87 

458,4 21,0 

502,2 21,0 

M7 13/10/2016 0,4 520 200 600,7 33,73 21,0 161% 0,92 

629,3 21,0 

619,3 21,0 

Source: authors. 
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Table 9: Activities summarised: fabrication of masonry elements and low walls. 

 

Source: authors. 

 

Now, on the evaluation and acceptation of the concrete 

mixtures the NSR-10 norm was taken as reference in this 

sense, the resistance level of a determined class of concrete is 

considered as satisfactory if fulfills the following 

requirements [27]: 1. Every arithmetic average of three (3) 

consecutive resistance test is equal or superior to f´c; 2. Any 

resistance test result is lower than f´c for more than 3,5 MPa, 

when f´c is 35 MPa or less, or more than 0,10 f´c when f´c is 

higher than 35 MPa. 

The concrete mixtures M5, M6 and M7 fulfill with these two 

standards to obtain an average resistance for each group of 

cylinders, superior to f´c of 21 MPa, that corresponds to the 

specified resistance for prepared concretes, and also, the 

individual resistance for each cylinder was superior to the f´c 

resistance of 21 MPa, except for a specimen of the M5 

mixture, whose compression resistance test was 20,98 MPa, 

result that is not rejected, because it is 0,02 MPa lower than 

f´c of 21 MPa, and does not exceed the 3,5 MPa of difference, 

what is considered as acceptable the b literal of the NSR-10 

norm. 

The standard deflection was evaluated in function of the 

arithmetic average during the compression test of the three 

cylinders for each mixture. Its value reflects a data low 

dispersion, as a consequence that in M5, M6 and M7, an 

individual test under the average is presented. However, these 

denominations are not rejected because they fulfill the 

resistance requirement of the b literal. 

M5, M6 and M7 mixtures not only share the same materials 

dosage, but also they have the same water quantity in weight 

per concrete cubic meter, what corresponds to 200 Kg/m3. 

This element allows verifying the dependence that these 

mixtures have for obtaining their resistance according to the 

cement content presented on them. This phenomenon is 

possible because of the aggregate for the triturated brick has a 

high absorption percentage, and as was observed in the first 

M1 and M2 mixtures, there was a tendency during the concrete 

preparation: absorbing the cement crust, even despite the 

recycled aggregate was submerged in water and was used on 

its saturated state and superficially dry. 

In terms of the consistency check, the researchers were 
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looking for a medium workability grade, considering that for 

the fabrication of masonry elements a quickly stripping was 

required, especially in the areas where were horizontal 

perforations. It is of note, that these masonry units, although 

had 5 cm x 5 cm perforations, are classified as massive, 

because they engage less than the 25% of its volume [28].   

After the implementation of the M1 and M2 mixtures, it was 

posible to observe that to reduce the slump and reducing the 

water content under the 200 Kg/m3 of concrete, it produced a 

segregated mixture, and after the cylinder stripping, this one 

presented a more porous and low resistance surface. But, 

when the cement content was increased per cubic meter, it 

was possible to observe that in M2 and M3 mixtures the slump 

reduction was easier, and what is more, the compression 

resistance of the mixture was higher. 

The slump and compression resistance results from the eight 

(8) prepared concrete mixtures, shown that these two 

characteristics were directly related to the quality of the 

recycled aggregate, because the density and porosity of the 

triturated brick is lower, making that in the test mixture 

adjustment the water content would not vary, but it required 

more quantity of cement for achieving a homogeneous, not 

segregated and well-malleable concrete.  

Another element that influenced was the mixture process. For 

example, the M5, M6 and M7 mixtures were mechanically 

prepared and they had a better behavior in fresh and firm state 

than those manually prepared. Furthermore, the additive use 

made a significant contribution in terms of the malleability of 

the concrete, especially in the formwork of the masonry 

elements, and the texture of the fabricated units. 

With the masonry units already fabricated the next step was 

the construction of the low walls. Here there is an important 

clarification: the M5 mixture was not used for the low walls 

construction, because they suffered considerable fractures 

during their process and they were discarded. However, these 

units were really useful for the extraction of nuclei with the 

specifical purpose of observing the internal appearance of the 

prepared concrete. The result was the perception of a 

homogenous and compact mixture, which proves a well 

formwork and vibrated process. The tablet 9 presents the 

fabrication of masonry elements, the extraction from the mold 

minutes after of the formwork, the masonry units in a hard 

state, the elaboration of the low walls inside a water proof 

bags, its sealed and final disposition in a not disturbed area: 

 

Compression resistance of the low walls 

The three low walls were submitted to compression, according 

to the NTC 3495 norm (2003) which says: “Civil Engineering 

and Architecture. Testing method for determining the 

compression resistance of masonry low walls” [29]. The 

results are presented in the Table 10: 

 

 

Table 10: Results for compression resistance test in low walls.  

 

Source: authors. 

Mix

ture 

Unitary weight 

of the fresh 

concrete Kg/m3 

 

Unitary weight 

of the masonry 

elements Kg/m3 
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CONCLUSIONS 

The mechanical and physical characteristics of the bricks and 

the low walls which were fabricated, were compared to the 

specifications to define if they can be used in structural 

masonry or not structural masonry in a dwelling. The 

following are the requirements that the masonry elements 

must fulfill: 1. NTC 4026 [30]. Units (blocks and bricks) of 

concrete in structural masonry. The norm establishes two 

types of masonry units: A class of high resistance, with a 

minimum compression resistance values in an average and 

individual of 13 MPa and 11 MPa respectively. The B class 

with a lower resistance with minimum compression resistance 

values in average and individual of 8 MPa and 7 MPa 

respectively, and maximum absorption between the 12% and 

the 18%. Also, according to the weight classification of the 

masonry element. 2. NTC 4076 [31]. Units (blocks and 

bricks) of not structural and interior masonry concrete and 

concrete sheet. The norm establishes the minimum 

compression resistance values in average and individual of 6 

MPa and 5 MPa respectively, and a maximum absorption 

between the 12% and 18%, according to the masonry element 

weight classification. 

Considering the previous, from the M6, M7 and M8 final 

mixtures was possible to obtain masonry units with a proper 

density and weight, classifying them as normal weight units, 

because they obtained a density superior to 2000 Kg/m3 [32]. 

It is also possible to affirm that the M8 mixture (which is only 

composed by natural source aggregates), has masonry units 

more dense. This is because the gross aggregate from natural 

source is internally more compact and denser than the 

triturated brick. 

About the water absorption (Aa), the M6 mixture had a value 

of 5, 59%, M7 a value of 6, 63%, and M8 a value of 4, 65%. 

For the elaboration of the three concrete mixtures, the 

absorption criteria from the NTC 4026 and NTC 4076 were 

fulfilled. It is possible to conclude that the masonry elements 

which were fabricated with a concrete mixture of natural 

aggregates are less absorbing. This characteristic is related to 

the better physical properties of the natural source gross 

aggregate.  

The low walls and the baton blocks were fabricated with the 

concrete mixture with some residues of M6 and M7 triturated 

brick. These elements presented the following results to 

compression resistance (cr 28): 12,2 MPa and 13 MPa 

respectively. These masonry units are classified as “Low 

Resistance” (B). Consequently, these units could be used in 

structural masonry, and are completed functional for not 

structural masonry, because the obtained resistance is superior 

to the minimum required (6 MPa). An example of the 

masonry units’ usage is the construction of dividing walls in 

one or two floors houses, where these walls do not support 

any vertical or horizontal charge, except its own weight, and 

they can be removed without affecting the structure.  

About the low wall, fabricated only with natural source 

aggregates (M8) had in the compression resistance (Rc 28) 

11,6 MPa, classifying its masonry elements as “Low 

Resistance” (B), for structural masonry and also, functional 

for not structural masonry. Because of the slicked appearance 

and the color of the masonry units which were fabricated with 

M6, M7, and M8 mixtures, they could be used on walls for the 

frontage of a house. 

Due to the triturated brick is on its interior less dense and less 

compact, it is also more susceptible to suffer fractures than in 

a natural aggregate. This special characteristic could be 

reflected in the mechanical resistance in the concrete mixture 

which would be fabricate, what also could influence the 

cement consumption during the mixture process. This factor, 

augmented considerably from the M1 mixture to M7 mixture 

in a 40,4%. 

Researches like were previously mentioned on the 

introduction, where concrete mixtures with a partial 

replacement of the gross aggregate were elaborated, 

concluded that when the triturated brick percentage used is 

inferior or equal than 50%, they can have satisfactory results 

to the compression resistance. However, with this research it 

was possible to demonstrate that it is viable to prepare 

concrete mixtures with a higher presence of triturated brick 

and obtaining superior resistances to 21 MPa. Also, these 

concretes can fulfill the quality requirements for the masonry 

elements production.   

The triturated brick as gross aggregated, allows a proper 

manageability of the concrete mixture, and in the masonry 

elements production, generates elements of density, texture 

and resistance able to fulfill with the required quality for its 

usage on structural masonry, low resistance and not structural 

masonry. For the specific case of structural masonry, although 

it is accepted for being inside its classification (B), it is 

necessary to make more tests over fabricated units with the 

mixture design previously proposed, and to sustain the 

acceptation of the elements with a wider quantity of tests.  

This research confirms the massive potential that the bricks 

product of demolitions have to be recycled aggregate for 

being used in concrete mixtures and the construction of not 

structural elements and masonry elements. Thus, it is 

necessary to make more researches with the purpose to obtain 

a group of results which allow the standardization for a later 

implementation in engineering practices.  

With the results presented in this research, it was possible to 

propose the following hypothesis: “to guarantee the 

compression resistance of masonry elements fabricated with 

concrete, where the gross aggregate partially replaces in a 

70% by triturated brick. It requires a considerable increasing 

of the cement during the mixture process. The cause was 

associated to the high absorption grade of the recycled 

aggregate, the presence of void on its particles, making it less 

dense and resistant, which as a consequence, the cement crust 

(as density, viscosity and conglomerate) are transformed as a 

compensation factor”.  
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