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Abstract 
The large waste volumes globally gen-

erated have increased environmental aware-
ness, promoting waste recycling as a sus-
tainable construction material. This study
presents a review of researches that analyze
the thermal behavior of eco-friendly clay
bricks incorporating organic and mineral
waste materials as an addition. Many of
these works also provide data related to the
composition of the material, and its physi-
cal, micro-structural and mechanical char-
acteristics. Most of eco-friendly clay units
increase the porosity of the ceramic,
improving the energy efficiency of masonry
enclosures, reducing the clay content and
the energy consumption during the fire
process. The positive effects of lightweight
ceramics are an opportunity to improve the
fire resistance inside green buildings.

Introduction
Clay bricks are one of the oldest and

most demanded building materials in the
world. Technically and economically com-
petitive, these units have good load bearing
capacity, durability, fire resistance, thermal
insulation, satisfactory bond and perform-
ance with mortar, and do not cause indoor
air quality problems.1,2 They are produced
from sintered clays at high temperatures
and, therefore, incorporate high energy lev-
els in their manufacture.3

In an environmental sustainability con-
text, one of the innovation lines in the sector
is to incorporate domestic, industrial and
agricultural waste in the production of
bricks. Eco-friendly bricks do not only
reduce waste, but also try to improve their
properties or manufacture process, reducing

the depletion of clay raw resources and the
energy consumption during fire. Numerous
researches were aimed to incorporate waste
such as shells of seeds, sawdust, straw, fly
ash, effluent treatment plants sludges, cot-
ton waste, paper processing residues, ciga-
rette butts, polystyrene foam, plastic fiber,
granulated slag, rubber, etc., summarized in
previous review works, such as those car-
ried out by Raut et al.,4 Dondi et al.,5 Kadir
and Sarani,2 Zhang,3 Shakir and Mohamed,6
Monteiro and Vieira,7 Muñoz et al.,8

Ardeshir and Ahmadi,9 and Al-Fakih et al.10

To improve energy efficiency in build-
ings, the use of efficient insulation
envelopes is promoted. Standards such as
CTE DB-HE: 201711 and DPR 59/200912

establish a limit of thermal transmittance of
walls according to their location and cli-
mate. This criterion favors the use of mate-
rials with low thermal conductivity and the
design of constructive solutions based on
hollow bricks which reduce the thermal
conductivity of the brick with respect to the
material. Ceramic thermal conductivity is
complexly influenced by many variables
that include: apparent density, porosity,
pore size and mineralogical components,
particularly calcium, quartz and amorphous
silicates.13 Therefore, one way of increasing
the insulating capacity of bricks is the use of
lightweight clays that reduces thermal con-
ductivity with a homogeneous porosity.
Most eco-friendly clay units increase poros-
ity, improving the energy efficiency of
masonry.

Thermal conductivity (λa) and heat
capacity (ca) of clay bricks vary with tem-
perature (T), mainly influenced by free
water evaporation.14 European Standard EN
1996-1-215 includes temperature-dependant
thermal properties curves of clay units with
a density range of 900-1200 kg/m3. Heat
capacity evolution derives from the evapo-
ration energy peak. Thermal conductivity
variation at high temperature is governed by
two opposite effects: conductivity of the
bulk material that varies due to phase
changes, and radiation within the pore net-
work of the material, that contributes once a
certain temperature threshold is exceeded
and from then on increasing rapidly as a
result of the T4 dependence.14 In the case of
relatively dense ceramic, the contribution of
radiative heat transfer has a noticeable
influence only at late stages. For concrete
units, Eurocode 6 part 1-215 provides differ-
ent curves for autoclaved aerated concrete
units that depend on the density of the mate-
rial. The high volume of pores allows a low
thermal conductivity that is an advantage
for thermal insulation at ambient tempera-
tures and an asset for resistance against
fire.16 However, Eurocode 6 part 1-215 does

not consider the existence of lightweight
ceramics.

Thermal conductivity of bricks
from waste recycling

Depending on their origin, waste used
as additives in eco-friendly clay bricks can
be divided into two categories: organic or
extracted from renewable sources, such as
products or by-products of agricultural,
agroindustrial and industrial waste; and
minerals or inorganic, such as marble waste,
slag, ash, or glass waste.10 Studies that ana-
lyze thermal conductivity of eco-friendly
clay bricks employ waste additions, for both
organic and mineral, incorporated as pore-
forming agents, are reviewed.

Clay bricks with organic waste
addition

Ugheoke et al.17 experimentally ana-
lyzed insulating firebricks produced by
kaolin, rice husk and plastic clay, establish-
ing the optimal ratio of these constituents.
Ten brick samples with different composi-
tions were tested, fired at 1200°C. Thermal
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conductivity of samples ranged from 0.005
to 0.134W/mK, with good insulating char-
acteristics. Results show that a high per-
centage of rice husk causes a low thermal
conductivity, that decreases with the reduc-
tion in density and the increase in porosity.
Mixing ratio of 4:1:2 gave the optimum per-
formance in terms of refractoriness, thermal
conductivity, modulus of rupture, shrinkage
and bulk density and the effective moisture
content.

Bànhidi and Gömze18 conducted an
experimental investigation to improve the
insulation properties of conventional bricks,
fired at 900°C, adding agricultural waste
materials: sawdust, rice husk and sunflower
seed husk; with 0%, 4% and 7% proportions
by weight. Thermal conductivity measure-
ment was carried out using a RAPID-K sys-
tem. The ignition of the waste addition
decreased the energy used during brick
manufacture by providing additional ther-
mal energy and creating pores during the
firing process that improved the insulation
properties of the material. Thermal conduc-
tivity decreased by between 10% and 31%
compared to the control brick with 4% of
additives. The greatest reduction was
obtained through the addition of sunflower
seed husk, followed by rice husk and saw-
dust. Thermal conductivity value decreased
from 0.27W/mK to 0.17 W/mK with 7% of
sunflower seed husk additive. In contrast,
the compressive strength experimented a
decrease to 77-26% of the original value for
the 4% of additives and a decrease to 48-
25% of the original value for the 7% of
additives. In terms of mechanical proper-
ties, the most suitable additive was sawdust.

Sutcu and Akkurt19 developed light-
weight ceramic bricks with reduced thermal
conductivity, using waste from the paper
industry as a pore-forming additive.
Mixtures contained brick raw materials and
additives in different proportions up to 30%
by weight. Brick samples were formed by
molding and fired at 1100°C. The per-
formed tests evaluated bulk density, appar-
ent porosity, water absorption, thermal con-
ductivity and compressive strength.
Thermal conductivity was analyzed through
a rapid thermal conductivity meter, which
works according to the hot wire method.
The results show that the residue addition
causes a reduction in thermal conductivity
of more than 50%, 0.83-0.42 W/mK, an
increase in apparent porosity and a decrease
in compressive strength, which is also influ-
enced by the direction of pressing and the
shape of the pores.

Folanrami20 studied the effect of the
addition of ashes from burning dried mango
trees and mahogany wood sawdust on clay
bricks thermal conductivity. Different per-

centages of ashes and sawdust were incor-
porated, ranging from 1% to 30%. Brick
samples were fired at 800°C. Thermal con-
ductivity was analyzed using Lee method,
obtaining values between 0.180 and 0.250
W/mK in case of bricks with ash addition.
This slight decrease is due to the bridges
that ashes particles generate between the
clay particles. On the other hand, the ther-
mal conductivity of clay bricks with saw-
dust addition ranged between 0.060 to
0.230 W/mK, due to the presence of pores,
generated by their combustion at high tem-
peratures.

Kadir et al.21 analyzed different physi-
cal-mechanical properties of fired clay
bricks with the addition of cellulose acetate
cigarette butts. Cigarette butts were disin-
fected and mixed with the clay raw materi-
al, with 0%, 2.5%, 5% and 10% proportions
by weight. The mixture was compacted
manually with the optimum moisture con-
tent obtained in the standard tests. Brick
samples were fired at 1050°C. The results
show a reduction of density up to 30%,
obtained for a cigarette butts content of
10%. The thermal conductivity perform-
ance of bricks was improved by 51 and 58%
for additions of 5 and 10% respectively. In
this study, thermal conductivity was esti-
mated by the dry density value, using a
model based on the results obtained with
256 samples of brick, concrete and aggre-
gates. The compressive strength of the
bricks is reduced from 25.65MPa to
12.57MPa, 5.22MPa and 3.00MPa for ciga-
rette butts percentages of 2.5%, 5.0% and
10% respectively, while the flexural
strength is not affected by the frequency of
this type of residue.

Saiah et al.22 studied the use of different
types of vegetal matter: wheat seeds,
resinous wood fibers, colza seeds, corn cob,
maize seeds, wheat straw, and sunflower
seeds; as addition in fired clay bricks. The
study analyzed the effect of the different
porosities generated during combustion.
The clay brick samples contained a percent-
age of vegetal matter less than 10%.
Porosity increased between 11% and 18%,
decreasing thermal conductivity up to 32%
that could improve in thermal resistance in
perforated bricks between 18% and 48%.
Porosity obtained using wheat straw pro-
vides the best relationship between thermal
and mechanical properties.

Cusidó and Soriano23 analyzed the via-
bility of using wastewater-treatment plants
sludges through pelletization, a sintering
ceramization process at 1050°C. Obtained
material is similar to expanded clay.
Although clay matrix is not incorporated,
pelletization is similar to the sintering clay
process. This new lightweight material with

an open porosity of 62% and an average
thermal conductivity of 0.09 W/mK, which
classifies the material as thermal insulator.
Leaching tests revealed undetectable
amounts of dangerous metals, with the
exception of vanadium. Toxicity tests also
have negative results. Combustion emis-
sions were lower than those of clay bricks
with sewage sludge additions.

Eliche-Quesada et al.24 investigated the
use of biodiesel production residues as an
additive in the manufacture of porous clay
bricks. The bricks were sintered at 1050°C
with two different types of waste addition:
spent soil from biodiesel filtration (up to
20% by weight) and glycerin (up to 15% by
weight). The results indicated that samples
containing soil achieved compression
resistance values between 26.1 and 41.2
MPa, the lowest value with the highest
residue content due to porosity and other
microscopic imperfections. In contrast, the
compressive strength increased with the
addition of glycerin residues from 41.0 to
78 MPa with additions between 5 and 15%.
Thermal conductivity was reduced with the
addition. The incorporation of up to 15%
glycerin produced a more important reduc-
tion in thermal conductivity, up to 40%
compared to the reference clay bricks.

Muñoz et al.25 studied the influence of
the use of paper pulp as an additive in the
thermal and mechanical properties of the
ceramic material. The study analyses sam-
ples with different percentages of residues,
ranged between 0% and 17% by weight,
formed by molding and sintered at 942°C.
The study concludes that for percentages of
paper pulp addition less than 15% the
mechanical properties maintain resistance
values greater than 10MPa. This amount of
paper pulp improved the conductivity prop-
erties by 39.69% compared to the clay with-
out additives, registering a minimum con-
ductivity value of 0.45 W/mK. This
decrease in the conductivity of the ceramic
material results in a 16% improvement in
the equivalent thermal transmission for
brick walls. The thermal conductivity test
was carried out with the stored hot plate
method, EN 12664-2001.26

Gorhan and Simsek27 studied the use of
rice husks as brick additive. Rice husk was
incorporated in two ways, as ground and
coarse rice husk, with percentages of 5%,
10% and 15% by volume. Clay brick sam-
ples were formed by molding and sintered
in the range of 700-1000°C. The compres-
sive strength of the reference samples fired
at 1000°C was 17.1 MPa. The resistance
decreased with the increase of addition,
more pronounced with coarse husk.
Compressive strength reaches 7-10Mpa by
adding a percentage of rice husk between
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5% and 10%. The conductivity of all sam-
ples was determined by the hot wire
method, increased with the firing tempera-
ture. The reference sample showed the max-
imum thermal conductivity of 0.548 W/mK
that decreased to 0.165 W/mK in the case of
samples pieces fired at 800°C with 15%
coarse rice husk. The coarse rice husk
improved the thermal conductivity more
than the ground husk, but bricks that con-
tained 15% of coarse rice husk were fragile.

Phonphuak28 analyzed physical,
mechanical and thermal properties of fired
clay bricks with charcoal addition with 0%,
2.5%, 5.0% and 10% proportion by weight,
fired at 950°C. Apparent porosity results
range between 28.96% and 46.85% for 0%
and 10% of addition, and the density was
reduced by up to 10%, depending on the
percentage of charcoal incorporated into the
raw materials. Compressive strength of
samples was in the range of 78.59-152.66
kg/cm2, decreasing according to the per-
centage of charcoal included in the mix.
Finally, thermal conductivity decreases with
the reduction in density and increase in
fired clay bricks porosity, ranging between
0.270 and 0.216 W/mK.

Muñoz et al.29 investigated the behavior
of fired clay bricks manufactured with the
addition of pomace residues from the wine
industry. Four mixtures were analyzed: with
0%, 5%, 11% and 17%, and a constant
water content of 20%. The samples were
formed by molding and after dried, sintered
at 980°C. Thermal conductivity was deter-
mined according to European standards,30,31

using the stored hot plate method and the
heat flow meter method. The results deter-
mined that the optimum additive content
was 5%, both for water absorption and for
compressive strength. Thermal conductivity
for clay bricks without additive was 0.738
W/mK, reduced up to 0.39 W/mK once
added. Pomance residues reduced linear
shrinkage and bulk density, reaching the
23% with the 17% of waste addition. 

Muñoz et al.32 presented a research for
lightweight bricks made with the addition
of coffee grounds collected from different
coffee shops and restaurants to improve the
insulation properties, based on the porosity
increase due to the combustion of the organ-
ic substances during firing process. Several
tests have been conducted for different per-
centages of waste: 0%, 5%, 11% and 17%,
for which thermal conductivity range from
0.73 to 0.38 W/mk. The study conclude that
it is possible to add 17% of waste maintain
the clay bricks compressive strength above
10 N/mm2, reducing thermal conductivity
up to 50%.

Adazabra et al.33 studied the addition of
shea waste to improve the manufacture of

fired clay bricks, investigating its influence
on the chemical, mineralogical, molecular
bonding and technological properties.
Mixtures were composed by yellow clay
with a constant white clay content of 25%,
and percentages of residues ranging between
0% and 20%. Brick samples were sintered at
900, 1000, 1100 and 1200°C. Waste addition
contributed to energy savings, improved pore
formation, reduced the thermal conductivity
of bricks and improved compressive
strength. Thermal conductivity of sintered
bricks at 900°C showed values that ranged
between 0.36 and 0.21 W/mK, while the ref-
erence standards fired at 1000, 1100 and
1200°C recorded values of 0.49, 0.54 and
0.60 W/mK respectively.

Galán-Arboledas et al.34 investigated the
incorporation of diatomaceous earth
residues in the manufacture of clay bricks.
These wastes came from two industrial
processes: the refining of vegetable oils and
the brewing of beer. Proportions between 3
and 10% by weight were used to obtain clay
bricks at three firing temperatures: 850, 950
and 1050°C. The addition improves the
behavior of the materials in the drying
process, increases the open porosity of the
fired pieces and reduces the bulk density by
up to 10%. The increase of the porosity is
greater in the pieces that incorporated spent
diatomites fom oil refining, reaching the
maximum value of 37%. The increase of
both residues decreased the flexural
strength, reaching values greater than 10
MPa, acceptable for construction use. In
addition, the energy released during the fir-
ing stage is greater than the energy required
for drying, and thermal conductivity values
decreased, which reduce the energy con-
sumption of the buildings. Thermal conduc-
tivity was obtained through an adaptation of
the hot wire method, achieving two different
trends. In the case of specimens that incor-
porated waste from the oil industry thermal
conductivity is maintained or decreased
when the amount of waste increases. On the
other hand, if it is used up to 7% waste from
the brewing industry causes a slight
decrease in thermal conductivity, while if
10% is added, thermal conductivity increas-
es slightly again, in line with the greater vit-
rification capacity observed in this material
in the sintering diagrams.

Results related with thermal behavior of
fired clay bricks that incorporate organic
wastes are resumed in Table 1.

Clay bricks with inorganic waste
addition

Gencel et al.35 investigated the effect of
the addition of different combinations of
ferrochromium slag, from the manufacture
of ferrochromium metal, and natural zeo-

lite, in the physical, mechanical, thermal
conductivity and microstructure properties
of clay bricks. The semi-dry mixtures,
whose percentage of addition ranged
between 0% and 30%, were molded and
sintered at 900°C. The study characterized
the physical, thermal and mechanical prop-
erties of fired clay bricks. The bulk density
of the bricks with slag increased and with
zeolite decreased. Clay bricks with slag
addition had a compressive strength of
27.5-32 MPa, slightly smaller than the ref-
erence brick, 34.9 MPa, and with zeolite
addition showed a strength of 14.3-22.3
MPa. The effect of zeolite on brick porosity
dominates due to the porous structure gen-
erated by the ignition of the zeolite.
Thermal conductivity of samples, obtained
through a sensor that uses the modified
transient plane source method, increased
with the addition of ferrochrome slag and
decreased with the addition of zeolite. The
brick sample with 30% of zeolite additive
had the lowest thermal conductivity value
of 0.69 W/mK, and the highest, of 1.26
W/mK, corresponded to the sample contain-
ing 30% slag additive.

Sutcu et al.36 analyzed in 2015 lightened
fired clay bricks with waste marble powder
addition up to 35% by weight, sintered at
950 and 1050°C. The results of the study
showed that the use of residual marble dust
reduced the bulk density and compressive
strength of the samples, which reached 8.2
MPa. The thermal conductivity decreased
with the addition from 0.97 to 0.40 W/mK,
showing that the marble waste powder
could be used as a pore-forming additive
and contribute to the formation of crys-
talline phases in brick production in certain
proportions.

Munir et al.37 analyzed the viability of
using marble sludge residues from industry
in the production of clay bricks. Samples
were manufactured under real conditions,
sintered at 800°C, using percentages of
residues between 5% and 25% by weight.
The study analyzed different physical,
mechanical and thermal properties, compar-
ing them with other studies using other
types of waste. The study showed how the
addition of marble mud residues generates a
structure with irregularly interconnected
open pores, improving thermal insulation
properties and decreasing the bulk density
and strength of the bricks. With 15% of
waste thermal conductivity falls around
16%, and resistance is reduced by almost
half, maintaining a value greater than
5MPa.

Kazmi et al.38 studied different physi-
cal-mechanical and thermal properties of
clay bricks with the addition of waste glass
dust, with 5%, 10%, 15%, 20% and 25%
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proportion by weight, manufactured in an
industrial oven. Units had higher density
and compressive strength after the addition
of glass dust. Ceramic bricks that incorpo-
rated a 25% addition showed a 37%
increase in compressive strength. A reduc-
tion of apparent porosity and water absorp-
tion were also observed by increasing the
content of glass waste. The microscopic
images showed a dense and homogeneous
structure with reduced porosity, which
increased the thermal conductivity of the
bricks. Control samples showed a thermal
conductivity of 0.53 W/mK, which
increased to 0.59 W/mK after incorporating
25% residue. According to this study, the
use of waste glass dust may be useful to
reduce landfills and associated environmen-
tal problems.

Results related to thermal behavior of

fired clay bricks that incorporate mineral
wastes are resumed in Table 2.

Discussion
This review shows the great potential of

eco-friendly clay bricks, meeting in many
cases the requirements established in stan-
dards while improving their isolation prop-
erties compared to the reference bricks. The
investigations demonstrate the viability of
using waste as addition in clay bricks, that
not only allows its disposal but also pre-
vents the depletion of resources.

The lack of homogeneity of the clay
raw materials and of the standards used to
determine the eco-friendly clay bricks prop-
erties, especially in case of thermal conduc-
tivity, do not allow the comparison of
results. The scattering between results with

the same addition prevents their use as a ref-
erence in future.

Eco-friendly clay bricks made by
adding organic wastes improve the thermal
isolation behavior, reducing the bulk densi-
ty and increasing the porosity. In case of
inorganic waste, additives can react and
melt during the firing process reducing
open porosity. In this case thermal conduc-
tivity can increase or decrease, the same
way than bulk density.

Despite the reduced thermal conductiv-
ity values achieved in some of the studies,
there are no experimental analysis that
determine the fire resistance of clay bricks
with waste addition, or their thermal and
mechanical behavior at high temperatures.
In the absence of these results, the national
annexes of EN 1996-1-2: 200513 provide
diagrams of density, thermal conductivity,

                                                                                                                   Review

Table 1. Overview of thermal behavior of fired clay bricks incorporating organic wastes.

Researchers                               Waste material                     Mixing               Firing               Density             Porosity            Thermal
                                                                                                   range           temperature           range                range           conductivity
                                                                                                     (%)                   (°C)                (kg/m3)                (%)           range (W/mK)

Ugheoke et al.17                                              Rice husk                                     35-60                         1200                     1410-1040                  56-95.93                 0.134-0.005
Bànhidi and Gömze18                                      Sawdust                                        0-7                            900                              -                                -                          0.27-0.23
                                                                          Rice-peel                                       0-7                            900                              -                                -                          0.27-0.20
                                                                         Seed-shell                                      0-7                            900                              -                                -                          0.27-0.17
Sutcu and Akkurt19                         Paper processing residues                      0-30                          1100                     1850-1290                   30.8-52                    0.83-0.42
Folaranmi20                                                       Sawdust                                       0-30                           800                              -                                -                          0.25-0.06
                                                                              Ashes                                         0-30                           800                              -                                -                          0.25-0.18
Kadir et al.21                                               Cigarette butts                                  0-5                           1050                     2118-1482                        -                          1.08-0.45
Saia et al.22                                                Vegetable matter                              0-9.1                      850-1150                 2000-1500                 24.9-42.9                0.367-0.247
Cusidó and Soriano23          Wastewater-treatment plants sludges             100                           1050                         583.2                           62                             0.09
Eliche-Quesada et al.24              Spent soil biodiesel filtration                    0-20                          1050                     2052-1641                    33-32                     0.17-0.12
                                                                  Glycerin biodiesel                              0-15                          1050                     2052-1847                    22-36                     0.17-0.10
Muñoz et al.25                                                 Paper pulp                                     0-17                           942                      1684-1412                        -                        0.737-0.394
Gorhan and Simsek27                                   Rice husks                                     0-15                      700-1000                 1890-1262                    28-48                   0.548-0.165
Phonphuak28                                                     Charcoal                                       0-10                           950                      1800-1490               28.96-46.85              0.270-0.216
Muñoz et al.29                                                  Pomance                                      0-17                           980                      1700-1300                    26-37                    0.738-0.39
Muñoz et al.32                                            Coffee grounds                                0-17                           942                      1700-1400                    22-32                     0.73-0.38
Adazabra et al.33                                      Spent shea waste                               0-20                      900-1200                         -                                -                           0.6-0.36
Galán-Arboledas et al.34                          Spent diatomite                                0-10                      850-1050                 1860-1640                 28.5-37.5                   0.7-0.45

Table 2. Overview of thermal behavior of fired clay bricks incorporating mineral wastes.

Researchers                               Waste material                     Mixing               Firing               Density             Porosity            Thermal
                                                                                                   range           temperature           range                range           conductivity
                                                                                                     (%)                   (°C)                (kg/m3)                (%)           range (W/mK)

Gencel et al.35                                       Ferrochromium slag                            0-30                           900                      1679-1913                 34.9-32.1                 1.196-1.26
                                                                             Zeolite                                        0-30                           900                      1679-1479                 34.9-42.8                 1.196-0.69
Sutcu et al.36                                              Marble powder                                 0-35                      950, 1050                 2050-1590                 22.3-42.8                1.014-0.401
Munir et al.37                                               Marble sludge                                  0-25                           800                      1300-1150                    32-42                      0.56-0.4
Kazmi et al.38                                                Glass sludge                                   0-25                           850                      1350-1377               43.27-35.28                0.53-0.59
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specific heat, thermal deformation and
stress-strain as a function of temperature for
clay bricks with density values ranging
from 900 to 1200 kg/m3, that allow the
assessment by calculation with an advanced
method based in properties at room temper-
atures.

Conclusions
This work presents various studies that

determine the thermal conductivity of eco-
friendly clay bricks incorporating waste
materials, classified by the organic or inor-
ganic nature of the waste added. These stud-
ies also analyze different physical-mechan-
ical and chemical properties of fired clay
bricks according to specific literature and
standards.

The reduction in density and thermal
conductivity while maintaining compres-
sive strength in permissible values offers an
economical option for the design of ecolog-
ical clay bricks.

The study of the behavior in fire condi-
tions of ceramics with the addition of waste
recycled products with low thermal conduc-
tivity will change its use as insulating mate-
rial in sustainable constructions.

References
1. Hendry AW, Khalaf FM. Masonry Wall

Construction. London and New York:
Taylor & Francis Group, Spon Press;
2001.

2. Kadir AA, Sarani NA. An overview of
wastes recycling in fired clay bricks. Int
J Integr Engin 2012;4:53-69.

3. Zhang L. Production of bricks from
waste materials – A review. Constr
Build Mater 2013;47:643-55.

4. Raut SP, Ralegaonkar RV, Mandavgane
SA. Development of sustainable con-
struction material using industrial and
agricultural solid waste: A review of
waste-create bricks. Mag Concrete Res
1985;37:195-215.

5. Dondi M, Marsigli M, Fabbri B.
Recycling of industrial and urban
wastes in brick production-a review.
Tile Brick Int 1997;13:218-309.

6. Shakir AA, Mohammed AA.
Manufacturing of bricks in the past, in
the present and in the future: a state of
the art review. Int J Adv Appl Sci
2013;2:145-56.

7. Monteiro SN, Vieira CMF. On the pro-
duction of fired clay bricks from waste
materials: A critical update. Constr
Build Mater 2014;68:599-610.

8. Muñoz P, Morales MP, Letelier V,
Mendevíl MA. Fired clay bricks made

by adding wastes: Assessment of the
impact on physical, mechanical and
thermal properties. Constr Build Mater
2016;125:241-52.

9. Ardeshir, AA, Ahmadi PF. A synopsis
about production of brick from light-
weight and waste material- A review.
Comput Mater Civil Engin 2016;1:
143-63.

10. Al-Fakih A, Mohammed BS, Liew MS,
Nikbakht E. Incorporation of waste
materials in the manufacture of mason-
ry bricks: An update review. J Build
Engin 2019;21:37-54. 

11. Código Técnico de la Edificación
(CTE). Documento Básico de Ahorro
de Energía (DB-HE). Madrid, Spain:
Ministerio de la Vivienda; 2017.
Available from: https://www.codigotec-
nico.org/index.php/menu-ahorro-ener-
gia.html

12. Italian Regulation. Decreto del
Presidente della Repubblica 2 aprile
2009, n. 59 (DPR 59/2009).
Regolamento del decreto legislativo 19
agosto 2005, n. 192, concernente
attuazione della direttiva 2002/91/CE sul
rendimento energetico in edilizia. In:
Gazzetta Ufficiale, 10/06/2009, n. 132.
(G.U. n. 132 del 10 giugno 2009), Italy. 

13. Dondi M, Mazzanti F, Principi P, et al.
Thermal conductivity of clay bricks. J
Mater Civil Eng 2004;16:8-14.

14. Nguyen TD, Meftah F, Chammas R,
Mebarki A. The behaviour of masonry
walls subjected to fire: Modelling and
parametrical studies in the case of hol-
low burnt-clay bricks. Fire Safety J
2009;44:629-41.

15. EN 1996-1-2, Eurocode 6 – Design of
masonry structures – Part 1-2: General
rules - Structural fire design. Brussels:
CEN (European Committee for
Standardization); 2006.

16. Ghazi K, Hugi E, Karvonen L, et al.
Thermal behaviour of autoclaved aerat-
ed concrete exposed to fire. Cement
Concrete Composite 2015;62:52-8.

17. Ugheoke BI, Onche EO, Namessan ON,
Asikpo GA. Property optimization of
kaolin-rice husk insulating fire-bricks.
Leonardo Electr J Pract Technol
2006;9:167-78.

18. Bànhidi V, Gömze LA. Improvement of
insulation properties of conventional
brick products. Mater Sci Forum
2008;589:1-6.

19. Sutcu M, Akkurt S. The use of recycled
paper processing residues in making
porous brick with reduced thermal con-
ductivity. Ceram Int 2009;35:2625-31.

20. Folaranmi J. Effect of additives on the
thermal conductivity of clay. Leonardo
J Sci 2009;14:74-7.

21. Kadir AA, Mohajerani AA, Roddick F,
Buckeridge J. Density, strength, thermal
conductivity and leachate characteris-
tics of light-weight fired clay bricks
incorporating cigarette butts. Int J Civil
Environ 2010;2:179-84.

22. Saiah R, Perrin B, Rigal L.
Improvement of thermal properties of
fired clays by introduction of vegetable
matter. J Build Phys 2010;34:124-42.

23. Cusido JA, Soriano C. Valorization of
pellets from municipal WWTP sludge
in lightweight clay ceramics. Waste
Manag 2011;31:1372-80.

24. Eliche-Quesada D, Martínez-Martínez
S, Pérez-Villarejo L, et al. Valorization
of biodiesel production residues in mak-
ing porous clay brick. Fuel Process
Technol 2012;103:166-73.

25. Muñoz P, Juárez MC, Morales MP,
Mendívil MA. Improving the thermal
transmittance of single-brick walls built
of clay bricks lightened with paper
pulp. Energ Build 2013;59:171-80.

26. EN 12664-2001. Thermal perform-
ance of building materials and prod-
ucts. Determination of thermal resist-
ance by means of guarded hot plate
and heat flow meter methods. Dry and
moist products of medium and low
thermal resistance. Brussels: CEN
(European Committee for
Standardization); 2001.

27. Gorhan G, Simsek O. Porous clay
bricks manufactured with rice husks.
Constr Build Mater 2013;40:390-6.

28. Phonphuak N. Effects of additive on the
physical and thermal conductivity of
fired clay brick. J Chem Sci Technol
2013;2:95-9.

29. Muñoz P, Morales MP, Mendívil MA, et
al. Using of waste pomace from winery
industry to improve thermal insulation
of fired clay bricks. Eco-friendly way of
building construction. Constr Build
Mater 2014;71:181-7.

30 EN 1946-2 1999. Thermal performance
of building products and components.
Specific criteria for the assessment of
laboratories measuring heat transfer
properties. Measurements by guarded
hot plate method. Brussels: CEN
(European Committee for Standardi-
zation); 1999.

31. EN 12667-2002. Thermal performance
of building materials and products.
Determination of thermal resistance by
means of guarded hot plate and heat
flow meter methods. Products of high
and medium thermal resistance.
Brussels: CEN (European Committee
for Standardization); 2002.

32. Muñoz P, Mendívil MA, Morales MP,
Muñoz L. Eco-fired clay bricks made

                             Review

Non
-co

mmerc
ial

 us
e o

nly



                                                [Fire Research 2019; 3:71]                                                                  [page 13]

by adding spent coffee grounds: a sus-
tainable way to improve buildings insu-
lation. Mater Struct 2016;49:641-50.

33. Adazabra AN, Viruthagiri G,
Shanmugam N. Management of spent
shea waste: An instrumental characteri-
zation and valorization in clay bricks
construction. Waste Manag 2017;64:
286-304.

34. Galán-Arboledas RJ, Cotes-Palomino
MT, Bueno S, Martínez-García C.

Evaluation of spent diatomite incorpo-
ration in clay based materials for light-
weight bricks processing. Constr Build
Mater 2017;144:327-37.

35. Gencel O, Sutcu M, Erdogmus E, et al.
Properties of bricks with waste fer-
rochromium slag and zeolite. J Clean
Prod 2013;59:111-9.

36. Sutcu M, Alptekina H, Erdogmus E, et
al. Characteristics of fired clay bricks
with waste marble powder addition as

building materials. Constr Build Mater
2015;82:1-8.

37. Munir MJ, Kazmi SMS, Wu YF, et al.
Thermally efficient fired clay bricks
incorporating waste marble sludge: An
industrial-scale study. J Clean Prod
2018;174:1122-35.

38. Kazmi SMS, Munir MJ, Wu YF, et al.
Thermal performance evaluation of eco-
friendly bricks incorporating waste glass
sludge. J Clean Prod 2018;172: 1867-80.

                                                                                                                   Review

Non
-co

mmerc
ial

 us
e o

nly




