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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.
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AnHoTanus. B OxBanope okoino 95,9 % >KuIibIX JOMOB IIOCTPOCHBI U3 KUPIHYCH,
OJJHaKO MECTHOE MPOU3BOJICTBO KHPIHYA HE COOTBETCTBYET TEXHUIECKHM CTaH-
AapTaM, OTCYTCTBYIOT HaYYHBIC UCCIICAOBaHUA IO €ro reOMETPUICCKUM Xapak-
TEPUCTHKAM U TEXHHYECKOMY COCTOSHHIO €r0 Mpou3BojacTBa. OmpenencHue
TEOMETPHIECKUX XapaKTePUCTUK KUPITHYA UMEET CYNMIECTBEHHOE 3HAYCHHE IS
CTaHIapTH3AIMK MATEPUAIOB M KOHCTPYKIHUI M MO3BOJSIET IPOSKTHPOBATH KOH-
CTPYKIMHU C OoJiee BBICOKOW CTENECHBIO TOYHOCTH. B HCClieIoBaHNH, TPOBEICH-
HOM B 12 IPOBUHIUSX TPEX KOHTUHEHTAJIBHBIX PETHOHOB CTPAHbI, TJIe COCPEIO-
To4eHO 79 % 3maHuWil, BHEpBBIC U3YYAIOTCS T'€OMETPUYECKHE XapaKTePUCTHKU
MIOJTHOTEJIOTO TIIMHIHOTO KUPIIMYa, POU3BEICHHOI0 B DKBaIope. Y CTaHOBJICHO,
910 67 % TPOU3BOACTBA KUpPIHUYA B DKBAJOPE SBIETCS KYCTapHBIM H TOJBKO
6 % — mpOMBIIIIEHHBIM, ITPX 3TOM 98 % 3aBOOB He COOIIONAIOT TEXHHMYECKUE
CTaHIapTHl MPOM3BOJCTBA KHUPIMYA U JJaKe HE 3HAIOT 00 MX CYIIECTBOBAHHH.
[IpexacTaBieHsl XapaKTepHBIE pa3Mephl MOITHOTENOT0 KUPIHUYA, IPOU3BEICHHOTO
B pa3IMYHBIX pEruoHax SKBanopa. HOHy‘ICHHLIC Pe3yabTaThl CBUACTCIBCTBYIOT
0 OousblIOM pazbpoce pasMEepOB KUpPIUYA B 3aBHCUMOCTH OT PETHOHA, M JaXe
B OTHOM MPOBHHIIMH Pa3Mephl 3aBHCAT OT 3aBOJa, MOCKOJBKY IMPOHM3BOJICTBO
HE OTBEYaeT CTaHAapTaM. DKBAJOPCKHE CTAHIAPThI, PErIAMEHTHPYIOIIHE reo-
METPHUIO KUPITHYA, HYKAAIOTCS B OOHOBJICHHH C YYE€TOM PEAbHBIX OCOOCHHO-
CTeil HAIMOHATBHOTO MPOU3BOICTBA KUPITHYA.

KarwueBble ciioBa: KepaMI/I‘IGCKI/Iﬁ KUpIIUY, TCOMETPUICCKUE XapPaKTCPUCTUKHU,

C. 329-336. http://doi.org/10.22363/1815-

A3MCEPBI ITIOJIHOTEIIOIO KMpIIHNYa, TCXHOJIOTHH ITPOU3BOACTBA, KAMCHHBIC KOHCT]
5235-2023-19-3-329-336 pasMep p POH3BO/L pyKLH

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.

Wood, Adobe and others || 1.2%
Pre-fabricated | 2.9%
Block/Brick 0

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

It is well known that different national standards® 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,? 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 PICV1119-87. 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).

L NTE INEN 297. Ladrillos cerdmicos. Requisitos. Normalizacién técnica ecuatoriana. Quito; 1977; NTC 4205-1. Unidades
de mamposteria de arcilla cocida. Ladrillos y bloques cerdmicos. 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 cerdmicos definiciones. Clasificacién y
condiciones generales. Quito; 2014; NTE INEN 292. Ladrillos ceramicos. Muestreo (Clay bricks. Sampling). Quito; 2015.
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s//—’ Guayas | 25.89%
Pichincha | 17.25%

Azuay | ] 6.90%
Manabi 6.19%
Tungurahua [ ] 6.17%
Loja | | 4.40%
ElOro | | 3.61%
Chimborazo || 2.84%
Cafiar | | 1.80%
Cotopaxi | | 1.54%
Zamora Chinchipe | | 1.35%
Morona Santiago || 1.25%

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).

Industrial 6%
Semi Industrial 27%

Artisanal 67%

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).

Figure 5. Solid brick dimensions distribution in all regions of Ecuador:
a — length, cm; b — width, cm; ¢ — 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 I ‘;;
o0 o0 ; '
P eee oo o8e )

r L L | I B B R
19 22 25 28 31 34 37 40 10 12 14 16 18 20 6 7 8 91011
a b c
Figure 6. Dimensions of solid bricks in the Andean region of Ecuador:
a — length, cm; b — width, cm; ¢ — height, cm
H
South Andean -+
region o o000 ° ! ) ]
[ LI e e e e e e e e e | — T T T T — T T T
20 25 30 35 40 1112 1314 15 16 6 7 8 910
Central-North
Andeanreglon Frrrrrrrrrrrrrrrro r T T T T T 1 | D D B —
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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; ¢ — 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 28.0x11.0x9.0 ¢m in the central-northern Andes, while in the southern
Andes it is 25.7x13.0x7.5 cm with a standard deviation of 0.31, 0.17 and 0.23 cm in length, width and height
respectively.
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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 35x19x10 cm.

20 25 30 35

a

40

11 13 15 17 19 21

b

56 7 8 91011

Figure 8. Dimensions of bricks in the coastal region of Ecuador:

a — length, cm; b — width, cm; ¢ — height, cm

c

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).
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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).
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Figure 10. Dimensions of bricks in different regions of Ecuador:
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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-317° sets the relationships of the modular dimensions of ceramic bricks (Table 1),
and the standard INEN-293* presents the standard dimensions for bricks (Table 2).

Table 1
Normal modular dimensions of ceramic bricks according to INEN-317
Length Width Height
2M x M X M
3M X 1.5M x M
AM x 2M X 1M
5M X 2.5M x 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
- 39 19 9
Machining 20 1 9
Repressin 29 19 9
prEssing 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 (Ixwxh) of the solid bricks produced in the coast region are
mainly 35%x19%7 cm. The dimensions of the bricks produced in the central-north Andean region are 28x11x9 cm;
in the south Andean region 26x13x7.5 cm with a variation of CViengh = 0.31 cm, CVwign = 0.17 cm,
CVheight = 0.23 cm. The dimensions of the bricks produced in the Amazon region are 25x12x7 cm, with a varia-
tion of CViength = 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. Coordinacién modular de la construccién. Dimensiones modulares de ladrillos cerdmicos. Quito; 2014.
4 NTE INEN 293. Ladrillos cerdmicos definiciones. Clasificacién y condiciones generales. Quito; 2014.
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