
 

2023. 19(3). 329–336 

СТРОИТЕЛЬНАЯ МЕХАНИКА ИНЖЕНЕРНЫХ КОНСТРУКЦИЙ И СООРУЖЕНИЙ 
 

 

STRUCTURAL MECHANICS OF ENGINEERING CONSTRUCTIONS AND BUILDINGS 

ISSN 1815-5235 (Print), 2587-8700 (Online) 

HTTP://JOURNALS.RUDN.RU/STRUCTURAL-MECHANICS  
 

СТРОИТЕЛЬНЫЕ МАТЕРИАЛЫ И ИЗДЕЛИЯ  329 

 
DOI: 10.22363/1815-5235-2023-19-3-329-336 

EDN: RCYIGM 

UDC 691.421-431 
RESEARCH ARTICLE / НАУЧНАЯ СТАТЬЯ 

 
 

Geometric characterization of solid ceramic bricks for construction in Ecuador1 

  

David Cajamarca-Zuniga1,2      , Oleg Kabantsev2 , Daniel Campos1  
  

1Catholic University of Cuenca, Cuenca, Republic of Ecuador 
2National Research Moscow State University of Civil Engineering, Moscow, Russian Federation 

      cajamarca.zuniga@gmail.com 

  

Article history 

Received: February 17, 2023 

Revised: April 24, 2023 

Accepted: April 29, 2023 

 Abstract. In Ecuador, about 95.9% of dwellings are built with masonry, however 

the local production of bricks does not meet technical standards and there is no 

scientific research on its geometric characterization and the technical state of their 

production. The geometric characterization of bricks is essential for the standar- 

dization of materials and constructions and allows the design of structures with 

a higher degree of accuracy. This research, conducted in 12 provinces of 

the 3 continental regions of the country, where 79% of the buildings are con- 

centrated, studies for the first time the geometric characteristics of solid clay 

bricks in Ecuador. The results show that 67% of the brick production in Ecuador 

is artisanal and 98% of the factories do not comply with the technical standards 

for brick production. The authors present the characteristic dimensions of solid 

bricks produced in different regions of Ecuador. The results show a high varia-

tion in brick dimensions depending on the region, and even in a same pro- 

vince the dimensions depend on the factory, since its production does not comply 

with any standard. Ecuadorian standards regulating brick geometry need to be up- 

dated taking into account the real characteristics of the national brick production. 

Keywords: clay bricks, geometric characteristics, solid brick dimensions, pro-

duction technologies, masonry structures 
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 Аннотация. В Эквадоре около 95,9 % жилых домов построены из кирпичей, 

однако местное производство кирпича не соответствует техническим стан-

дартам, отсутствуют научные исследования по его геометрическим харак-

теристикам и техническому состоянию его производства. Определение 

геометрических характеристик кирпича имеет существенное значение для 

стандартизации материалов и конструкций и позволяет проектировать кон-

струкции с более высокой степенью точности. В исследовании, проведен-

ном в 12 провинциях трех континентальных регионов страны, где сосредо-

точено 79 % зданий, впервые изучаются геометрические характеристики 

полнотелого глиняного кирпича, произведенного в Эквадоре. Установлено, 

что 67 % производства кирпича в Эквадоре является кустарным и только 

6 % ‒ промышленным, при этом 98 % заводов не соблюдают технические 

стандарты производства кирпича и даже не знают об их существовании. 

Представлены характерные размеры полнотелого кирпича, произведенного 

в различных регионах Эквадора. Полученные результаты свидетельствуют 

о большом разбросе размеров кирпича в зависимости от региона, и даже 

в одной провинции размеры зависят от завода, поскольку производство 

не отвечает стандартам. Эквадорские стандарты, регламентирующие гео-

метрию кирпича, нуждаются в обновлении с учетом реальных особенно-

стей национального производства кирпича. 

Ключевые слова: керамический кирпич, геометрические характеристики, 

размеры полнотелого кирпича, технологии производства, каменные конструкции 
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1. Introduction 

In all cultures of the world, both natural and artificial stones have been the most common building materi-

al in all historical periods. Natural stone masonry construction dates back to around 12 000 years ago, when no-

madic peoples became sedentary and permanent domestic dwellings became common throughout the Mediterra-

nean Levant [1–3]. The pre-Hispanic civilizations of Latin America developed various building techniques for 

masonry construction, for instance, the Incas built structures with carved natural stones and without mortar, 

the Mayas built their famous pyramids with adobe bricks covered with natural stones [4‒6]. In the American 

continent, the beginning of the use of fired clay bricks is related to the Spanish conquest and dates back to 

the 16th century. In Ecuador, the first evidences of the manufacture of ceramic bricks date back to 1565 [7]. Nowa-

days, the massive use of the steel and reinforced concrete in construction is evident, however, ceramic brick ma-

sonry continue to hold a predominant place for building in Ecuador, Latin America and worldwide [8–11]. 

Approximately 70% of dwellings in Ecuador are 1‒2 storey houses [12–14] and 95.9% of dwellings are 

built with the use of masonry (Figure 1). The literature review reveals that there is no research, scientific articles 

or technical information on the geometric properties of ceramic bricks produced in different regions of Ecuador. 
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The few available studies in Ecuador are limited to: determination of the strength of bricks in a given city [15]; 

mechanical quality levels of bricks produced in a given province [16]; environmental pollution produced 

by brick factories [17]; and business models of brick factories [18]. These facts evidence the lack of scientific 

interest in one of the most widely used construction materials in Ecuador. 
 

 

 

Figure 1. Types of materials used for construction of walls in Ecuador, according to [11] 

 
It is well known that different national standards1 normalize the brick production. However, the level of 

technological development in each country is reflected in more precise technical standards, as well as stringent 

requirements for brick manufacturing and more active research on related topics [19–21]. Since the late 1970s, 

Ecuador has had technical standards for the geometric, physical and mechanical standardization of building 

bricks,2 however, it is observed that local brick production does not meet these technical specifications and 

there are no scientific studies on the geometric characterization of the most used construction brick in Ecuador. 

It is important to note that the geometric properties of bricks are an essential parameter for the standardiza- 

tion and mechanical characterization of materials. In this way, it is important to note the results presented 

in [16], but it is even more important to point out that it is limited to only 1 province, which represents only 

2.84% of the buildings at the national level [11]. 

Given these facts, it is important to determine the geometric characteristics of the most commonly used 

clay brick in construction in Ecuador in order to obtain real information that will allow structures to be designed 

with a higher level of precision and safety. 

This article presents the first results on the geometric characterization of solid clay brick as the most used 

brick in construction in Ecuador and on the particularities of its production. The presented results are the first 

step prior to the mechanical characterization of the bricks, on which the authors will continue to work. 

2. Methods 

This study began with a literature review and field data collection on the geometric and mechanical prop-

erties of bricks produced in Ecuador, and the characteristics of their production. Then, a field data collection 

campaign was organized in different provinces of Ecuador with the collaboration of Civil Engineering students 

from the Catholic University of Cuenca in the framework of the research project PICVII19-87. For the collection 

of qualitative data, a semi-structured survey was designed and answered by the representative of each factory 

visited. The survey questionnaire asked about: the manufacturing process to determine whether the factory's 

technology is artisanal, semi-industrial or industrial; the types of bricks manufactured in the plant; the types of 

bricks that are mostly commercialized; compliance with standards in the manufacturing process. In addition, 

each factory visited was geo-referenced and photographs were taken. For the laboratory study, samples of bricks 

were taken from each production plant in order to determine their geometrical and mechanical characteristics. 

The geometry and dimensions were determined using measuring instruments and the results were recorded in 

a measurement notebook. 

For the field data collection, the largest factories with the highest brick production in each study region 

were identified. Data collection for this study was carried out in 52 brick production factories located in 12 provin- 

ces of the 3 continental regions of Ecuador (coast, Andes and Amazon). The provinces studied cover 49% of 

the Ecuadorian territory where 77% of the national population lives [23] and where 79% of the new buildings 

in Ecuador are located [11] (Figure 2). 

 
1 NTE INEN 297. Ladrillos cerámicos. Requisitos. Normalización técnica ecuatoriana. Quito; 1977; NTC 4205-1. Unidades 

de mampostería de arcilla cocida. Ladrillos y bloques cerámicos. Bogota: INCOTEC; 2009; ASTM C62-12. Standard specification 

for building brick. Pensilvania: ASTM International; 2012; GOST 530‒2012. Ceramic brick and stone. General specifications. Moscow; 

2013. (In Russ.); EN-771-1. Specification for masonry units. Part 1. Clay masonry units. European Committee for Standarization; 2003. 
2 NTE INEN 297. Ladrillos ceramicos requisitos. Quito; 1977; NTE INEN 293. Ladrillos cerámicos definiciones. Clasificación y 

condiciones generales. Quito; 2014; NTE INEN 292. Ladrillos cerámicos. Muestreo (Clay bricks. Sampling). Quito; 2015. 
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Figure 2. Map of Ecuador and provinces where field data was collected. 

Provinces with the highest percentage of new buildings in Ecuador in 2018, according to [10] 

 

3. Results and discussion 

The results of the field study show that 67% of brick production is mostly artisanal, where the mixing of 

clay and moulding is done by hand and the firing kiln is rudimentary without technical control of temperature; 

27% of brick factories have semi-industrial production processes, in which the clay mixing and moulding is 

done with machinery and kilning is done in rudimentary kilns or with minimal technology; only 6% of brick 

factories produce bricks in an industrial way, in which the whole process is done with machinery and the ovens 

have the appropriate technology for temperature distribution and control (Figure 3). 

 

 

 

Figure 3. Brick production technologies in Ecuador 

 

The results of this research show that solid clay brick is the most common type of brick produced in Ecua-

dor. 92% of the factories studied produce solid clay brick, but the dimensions of the units vary depending on 

the region where it is manufactured, and even in the same province, the dimensions of the same type of brick 

vary depending on the factory. This variation in dimensions is due to the fact that 98.1% of the factories studied 

do not comply with any technical standard for production. According to the above, the geometric characteriza-

tion of solid clay brick produced in Ecuador is a relevant topic that deserves to be studied. 

The results of the data collected in the field show a high dispersion of the dimensions of solid bricks 

at the national level. The dimensions vary from 20 to 40 cm in length, 11 to 20 cm in width and 6 to 10 cm 

in thickness (Figure 4). 

 

 

Length, cm 20–40 

Width, cm 11–20 

Height, cm 6–10 

 

Figure 4. Dimensions of solid clay bricks produced in Ecuador 
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Statistical analysis of the dimensions of bricks produced in the different regions of Ecuador shows 

a multimodal characteristic (Figure 5). It is observed that at the national level, bricks are: 20–40 cm in length, 

with a tendency to lengths of 26, 28 and 35 cm; 11 and 20 cm in width, with a tendency to 12, 17 and 19 cm; 

regard height, it varies between 6 and 10 cm, with a tendency to make bricks of 7 and 9 cm. This multimodal 

characteristic of the results suggests the need for a more detailed geometric characterization study applied to 

the different regions of Ecuador (Andean, coastal and Amazonian regions). 
 

  
 

a b c 
 

Figure 5. Solid brick dimensions distribution in all regions of Ecuador: 
a ‒ length, cm; b ‒ width, cm; c ‒ height, cm 

 

Statistical results for the dimensions in the Andean region show a bimodal behavior (Figure 6). This bi-

modal behavior is due the fact that in the south Andean region the dimensions of bricks are different than 

the bricks produced in the central-north Andean region (Figure 7). 
 

All-Andean region 

   
 a b c 

 

Figure 6. Dimensions of solid bricks in the Andean region of Ecuador: 
a ‒ length, cm; b ‒ width, cm; c ‒ height, cm 

 

 

South Andean 

region 

   

Central-North 

Andean region 

   
 a b c 

 

Figure 7. Dimensions of solid bricks in the South Andean and Central-North Andean regions of Ecuador: 
a ‒ length, cm; b ‒ width, cm; c ‒ height, cm 

 

The analysis of the results allows us to establish that the production of solid bricks in the Andean region 

of Ecuador is characterized by bricks of 28.0×11.0×9.0 cm in the central-northern Andes, while in the southern 

Andes it is 25.7×13.0×7.5 cm with a standard deviation of 0.31, 0.17 and 0.23 cm in length, width and height 

respectively. 

19 22 25 28 31 34 37 40 10 12 14 16 18 20 6 7 8 9 1011

20 25 30 35 40 11 12 13 14 15 16 6 7 8 9 10

22 25 28 31 34 37 40 10 11 12 13 14 15 16 6 7 8 9 10 11
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In the coast region of Ecuador, bricks are produced between 23 and 40 cm of length, 12 and 20 cm of 

width, and 6 to 10 cm of height (Figure 8). The production of solid bricks in the coast region of Ecuador is cha- 

racterized by bricks of 35×19×10 cm.  

 

   
a b c 

 

Figure 8. Dimensions of bricks in the coastal region of Ecuador: 
a ‒ length, cm; b ‒ width, cm; c ‒ height, cm 

 
The most densely populated provinces studied in the Amazon region represent only 2.6% of the con- 

structions at the national level. The average dimensions of the solid bricks produced in this region are: 25 cm 

in length, 12 cm in width and 7 cm in height, with a standard deviation of 0.23, 0.15 and 0.17 cm respectively. 

A broader analysis of brick production in the provinces of Azuay and Loja at the south Andean region 

of Ecuador shows that in the province of Azuay the production tends to be more homogeneous in terms of 

overall dimensions, although the dispersion in sizes is due to the mainly artisanal and non-standardized nature 

of production and non-compliance with technical standards. The bricks produced in Azuay are longer and wider, 

but less thick than in Loja province (Figure 9). 

 

   
 

Figure 9. Dimensions of bricks in the provinces of Loja and Azuay in the south Andean region of Ecuador 

 
This research establishes that the average length of solid clay bricks manufactured in Ecuador varies be-

tween 25 and 33 cm; the average width values are between 12 and 17 cm, and the average height is between 

7 and 8 cm (Figure 10). 

 

     
a b c 

 

Figure 10. Dimensions of bricks in different regions of Ecuador: 
a ‒ length, cm; b ‒ width, cm; c ‒ height, cm 

20 25 30 35 40 11 13 15 17 19 21 5 6 7 8 9 10 11
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To contextualize the obtained results, we have compared the data obtained in this research with the regula-

tory specifications of national technical standard in force in Ecuador. This comparison allowed us to determine 

the unconformity between the reality of the national production of ceramic bricks and the regulations in force. 

In Ecuador, standard INEN-3173 sets the relationships of the modular dimensions of ceramic bricks (Table 1), 

and the standard INEN-2934 presents the standard dimensions for bricks (Table 2).  

 
Table 1 

Normal modular dimensions of ceramic bricks according to INEN-317 

Length  Width  Height 

2M × 1M × 1M 

3M × 1.5M × 1M 

4M × 2M × 1M 

5M × 2.5M × 2M 

 

 

Table 2 

Dimensions of ceramic bricks according to INEN-293 

Type of brick Length, cm Width, cm Height, cm 

Common (handmade) 39 19 9 

Machining 
39 19 9 

29 14 9 

Repressing 
29 19 9 

29 14 9 

 

The obtained results of this research show that only 4.82% of the bricks produced in Ecuador comply with 

this standard.  

4. Conclusion 

This is the first study on geometric characterization of solid clay brick in Ecuador. This study was carried 

out in 12 provinces of Ecuador, where 79% of the country's buildings are concentrated. The results show that 

the nature of brick production in Ecuador is mainly artisanal and non-standardized. 67% percent of brick produc-

tion is artisanal, 27% is semi-industrial and only 6% is industrialized. This research show that 98% percent of 

the factories studied do not meet any technical standards for brick production and are even unaware of the exis- 

tence of any standards. This fact shows that the Ecuadorian standards that regulate the geometry of brick pro- 

duction have not been adequately developed, socialized and are not applied. 

The dimensions of the solid bricks produced in Ecuador show a very high dispersion, however, it has been 

determined that there is a regional influence that determines the average dimensions of the bricks. There is a clear 

difference in the dimensions of the bricks produced in the Ecuadorian coast, as well as in the central-north Ande-

an region and the south Andean region. The dimensions of the bricks produced in the studied provinces of 

the Amazon region are very similar to the dimensions of the bricks produced in the south Andean region.  

The authors have determined for the first time the characteristic dimensions of solid bricks produced 

in different regions of Ecuador. The dimensions (l×w×h) of the solid bricks produced in the coast region are 

mainly 35×19×7 cm. The dimensions of the bricks produced in the central-north Andean region are 28×11×9 cm; 

in the south Andean region 26×13×7.5 cm with a variation of CVlength = 0.31 cm, CVwidth = 0.17 cm, 

CVheight = 0.23 cm. The dimensions of the bricks produced in the Amazon region are 25×12×7 cm, with a varia-

tion of CVlength = 0.23 cm, CVheight = 0.15 cm, CVheight = 0.17 cm. 

It is important to point out that this research has determined that only 4.8% of solid bricks produced in Ecuador 

complies with the modular dimensions established in the Ecuadorian standards INEN-317 and INEN-293. This 

fact demonstrates that the Ecuadorian standards on the geometric characteristics of bricks have been developed 

without considering the real national characteristics of brick production. The related standards require adequate 

updating for their subsequent socialization and mandatory compliance. 

 
3 NTE INEN 317. Coordinación modular de la construcción. Dimensiones modulares de ladrillos cerámicos. Quito; 2014. 
4 NTE INEN 293. Ladrillos cerámicos definiciones. Clasificación y condiciones generales. Quito; 2014. 



Cajamarca-Zuniga D., Kabantsev O., Campos D. Structural Mechanics of Engineering Constructions and Buildings. 2023;19(3):329–336 
 

 

336   CONSTRUCTION MATERIALS AND PRODUCTS 

References 

1. Love S. Architecture as material culture: building form and materiality in the Pre-Pottery Neolithic of Anatolia 

and Levant. Journal of Anthropological Archaeology. 2013;32(4):746–58. https://doi.org/10.1016/j.jaa.2013.05.002 

2. Kozłowski S.K., Kempisty A. Architecture of the Pre‐Pottery Neolithic settlement in Nemrik, Iraq. World Ar- 

chaeology. 1990;21(3):348–362. https://doi.org/10.1080/00438243.1990.9980113 

3. Schirmer W. Some aspects of building at the ‘Aceramic‐Neolithic’ settlement of Çayönü Tepesi. World Archaeo- 

logy. 1990;21(3):363–387. https://doi.org/10.1080/00438243.1990.9980114 

4. Fernandes F.M., Lourenço P.B., Castro F. Ancient clay bricks: manufacture and properties. In: Dan M.B., 

Přikryl R., Török Á. (eds.) Materials, Technologies and Practice in Historic Heritage Structures. Dordrecht: Springer; 2010. 

p. 29–48. https://doi.org/10.1007/978-90-481-2684-2_3 

5. Mendiola I., Hernández S., Vásquez A. La piedra: elemento histórico y de calidad estética para un diseño 

arquitectónico sustentable. Revista Legado de Arquitectura y Diseño. 2014;9(15):153–163. Available from: 

https://legadodearquitecturaydiseno.uaemex.mx/article/view/14432 (accessed: 17.03.2023). 

6. Gama-Castro J.E., Cruz y Cruz T., Pi-Puig T., Alcalá-Martínez R., Cabadas-Báez H., Sánchez-Pérez S., 

López-Aguilar F., Vilanova de Allende R. Arquitectura de tierra: el adobe como material de construcción en la época pre-

hispánica. Boletín de la Sociedad Geológica Mexicana. 2012;64(2):177–188. https://doi.org/10.18268/bsgm2012v64n2a3  

7. Caldas V., Sigcha P. Breve análisis cronológico de la introducción de materiales relevantes dentro de las edifica-

ciones del centro histórico de Cuenca entre los años 1880 y 1980. Universidad de Cuenca; 2017. Available from: 

http://dspace.ucuenca.edu.ec/handle/123456789/26234 (12.03.2023). 

8. Mousourakis A., Arakadaki M., Kotsopoulos S., Sinamidis I., Mikrou T., Frangedaki E., Lagaros N.D. Earthen ar-

chitecture in Greece: traditional techniques and revaluation. Heritage. 2020;3:1237–1268. https://doi.org/10.3390/heritage3040068 

9. Sharma N., Telang D., Rath B. A review on strength of clay brick masonry. International Journal for Research 

in Applied Science & Engineering Technology. 2017;5(XII):2620–2626.  

10. Radivojević A., Kurtović-Folić N. Evolution of bricks and brick masonry in the early history of its use in the re-

gion of today’s Serbia. Journal of Materials in Civil Engineering. 2006;18(5):692–699. https://doi.org/10.1061/(asce)0899-

1561(2006)18:5(692) 

11. INEC. Encuesta de Edificaciones 2018. Quito; 2019.  

12. INEC. Resultados del Censo 2010 de Población y Vivienda en el Ecuador. Fascículo Provincial Pichincha. Vol. 1. 

Análisis del Censo de Población y Vivienda. Quito; 2010.  

13. INEC. Resultados del Censo 2010 de Población y Vivienda en el Ecuador. Fascículo Provincial Azuay. Vol. 1. 

Análisis del Censo de Población y Vivienda. Quito; 2010.  

14. INEC. Resultados del Censo 2010 de Población y Vivienda en el Ecuador. Fascículo Provincial Guayas. Vol. 1. 

Análisis del Censo de Población y Vivienda. Quito; 2010.  

15. Peralta Pintado J.R. Elaboración de ladrillos cerámicos utilizando lodos generados en la planta de tratamiento 

de agua potable de Tixán en la ciudad de Cuenca (Tesis de Magister). Universidad de Cuenca; 2018. 

16. Cevallos O.A., Jaramillo D., Ávila C., Aldaz X. Production and quality levels of construction materials in Ande-

an regions: a case study of Chimborazo, Ecuador. Journal of Construction in Developing Countries. 2017;22(1):115–36. 

https://doi.org/10.21315/jcdc2017.22.1.7 

17. Venegas A. Evaluación de la energía contenida, emisionesde CO2 y material particulado en la fabricación del 

ladrillo semi-mecanizado tochano en Cuenca, a través del análisis de ciclo de vida (ACV). Universidad de Cuenca; 2018. 

Available from: http://dspace.ucuenca.edu.ec/handle/123456789/28536 (accessed: 17.03.2023). 

18. Tenesaca M., Rasco J. Diseño de un modelo de negocios para el sector ladrillero artesanal del cantón Cuenca, 

período 2017‒2019. Universidad de Cuenca; 2017. Available from: http://dspace.ucuenca.edu.ec/handle/123456789/28536 

(accessed: 17.03.2023). 

19. Rat E., Martínez-Martínez S., Sánchez-Garrido J.A., Pérez-Villarejo L., Garzón E., Sánchez-Soto P.J. Characte- 

rization, thermal and ceramic properties of clays from Alhabia (Almería, Spain). Ceramics International. 2023;49(9, Part B): 

14814‒14825. https://doi.org/10.1016/j.ceramint.2022.05.328 

20. Muñoz Velasco P., Morales Ortíz M.P., Mendívil Giró M.A., Muñoz Velasco L. Fired clay bricks manufactured 

by adding wastes as sustainable construction material ‒ a review. Construction and Building Materials. 2014;63:97–107. 

https://doi.org/10.1016/j.conbuildmat.2014.03.045 

21. Ishanovich A.A., Olegovich S.D. Some aspects of studying clays for producing ceramic brick of required proper-

ties. The American Journal of Applied Sciences. 2021;3(5):190–195.  

22. Stolboushkin A., Akst D., Fomina O., Ivanov A. Structure and properties of ceramic brick colored by manga-

nese-containing wastes. MATEC Web of Conferences. 2018;143:02009. https://doi.org/10.1051/matecconf/201714302009 

23. INEC. Censo Ecuador 2010. Censo de Población y Vivienda 2010. Quito: Instituto Nacional de Estadísticas y 

Censos; 2010. 

 

https://doi.org/10.1016/j.jaa.2013.05.002
https://doi.org/10.1080/00438243.1990.9980113
https://doi.org/10.1080/00438243.1990.9980114
https://doi.org/10.1007/978-90-481-2684-2_3
https://doi.org/10.3390/heritage3040068
https://doi.org/10.1061/(asce)0899-1561(2006)18:5(692)
https://doi.org/10.1061/(asce)0899-1561(2006)18:5(692)
https://doi.org/10.21315/jcdc2017.22.1.7
https://doi.org/10.1016/j.ceramint.2022.05.328
https://doi.org/10.1016/j.conbuildmat.2014.03.045
https://doi.org/10.1051/matecconf/201714302009

