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Abstract  

Resumo

The purpose of the current study is to verify the thermal insulation capacity of concrete block masonry in a fire situation through the thermal simu-
lation of prisms. Initially, a prism with mortar coating on the face exposed to fire was numerically simulated and compared to experimental results 
provided by a company in order to validate the block thermal properties. To represent air in the block cavities, fluid-structure interaction was used in 
ABAQUS software. The uncoated and mortar-coated prisms on both sides were analyzed in a fire situation. The thermal insulation of the uncoated 
prism was maintained for more than 60 minutes and with the application of coating on both faces there was an increase of 59% of this time. The 
thermal fields were generated, thus leading to future thermomechanical analysis.
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O presente trabalho tem como objetivo verificar a capacidade de isolamento térmico de alvenarias constituídas por blocos de concreto em 
situação de incêndio por meio da simulação térmica de prismas. Inicialmente, para a validação das propriedades térmicas do bloco com um ex-
perimento fornecido por uma empresa, foi simulado um prisma com revestimento em argamassa na face exposta ao incêndio. Para representar 
o ar presente nas cavidades dos blocos foi utilizada a interação fluido-estrutura no software ABAQUS. Verificaram-se os casos de prisma sem 
revestimento e com revestimento em argamassa nas duas faces, em situação de incêndio. O isolamento térmico do prisma sem revestimento foi 
mantido por mais de 60 minutos e com a aplicação de revestimento nas duas faces do prisma ocorreu um aumento de 59% em relação a esse 
tempo. Os campos térmicos foram gerados possibilitando futuras análises termomecânicas.

Palavras-chave: blocos de concreto, alvenaria estrutural, elevadas temperaturas, isolamento térmico, análise numérica.



1. Introduction

Structural masonry is a very old constructive system that has been 
used on a large scale in Brazil. According to the ABCP [1], the 
time saved on work execution, a reduction in the volume of waste 
generated, technological advances and competitive pricing have 
made concrete block structural masonry one of the most used con-
struction systems in the country. However, little is known about its 
behaviour under the effect of high temperatures.
A fire that broke out at dawn on 1st May, 2018 in a building in 
São Paulo, followed by its collapse, reinforces the need for studies 
on the behaviour of construction systems submitted to this excep-
tional action.
Brazil does not yet have standardised methods for designing struc-
tural masonry in fire situations. According to Leite et. al [2], there 
are variations in the mineralogical compositions of rocks that are 
used as aggregates and, therefore, each country has thickness, 
geometry and resistance specifications to be followed by the block 
industries. These factors restrict use and require a great deal of 
effort to adapt to international standards.
Fire resistance of a structure is related to the time when it is able to 
withstand the actions for which it was designed when exposed to 
a fire. The three main fire resistance criterion defined by Eurocode 
6 Part 1-2:2005 [3] are:
n Thermal insulation (I), which is considered to be met when at 

any point on the surface not exposed to fire, the temperature 
variation does not exceed 180 °C and the average temperature 
variation on the same surface does not exceed 140 °C;

n Mechanical resistance (R), which is satisfied when the load-
bearing function is maintained in the exposure to fire for a cer-
tain period of time;

n Integrity (E), when cracks or openings do not occur through 
which flames and gases can pass through the element.

Nahhas et al. [4] evaluated the fire resistance of a wall with di-
mensions of 2.80 x 2.82 (m) and 19.7 cm thick comprising cellular 
concrete blocks experimentally and through thermal modelling. At 
the upper end of the wall a vertical load of 357 kN (13 ton./m) was 
applied distributed by a beam, and a wall face was exposed to fire, 
with a temperature rise according to the ISO 834-1:1999 curve [5].  
The authors assessed the temperature rise, as well as vertical and 
lateral displacement at different points. The test lasted about six 
hours, however, Nahhas et al. [4] did not specify the resistance 
criteria used or if wall failure occurred. In the heat transfer theoreti-
cal model, the conduction, convection, and radiation were consid-
ered. The authors concluded that this model generated reasonable 
results, compared to experimentally measured temperature rises. 
Ayala [6] experimentally evaluated the behaviour of wallettes with 
dimensions of 67.0 x 68.5 (cm) and 10 cm thick, consisting of three 
rows of blocks and half-blocks of lightweight concrete at high tem-
peratures. The samples were heated to temperatures of 200, 400, 
600, 700 and 800 °C, with a temperature rise rate of 10 °C/min, 
and were then subjected to compression in increments of force un-
til rupture was achieved. The authors concluded that temperatures 
of 400, 600, 700 and 800 ºC caused a reduction of 9, 19, 60 and 
83%, respectively, in the compressive strength of the wallettes.
Some research was carried out in Brazil on masonry consisting 

of ceramic blocks in a fire situation. Rosemann [7] experimentally 
and numerically analysed the behaviour of unloaded walls in a fire 
situation, subject to the temperature rise proposed by the ISO 834-
1:1999 curve [5], regarding the thermal insulation criterion. Four 
situations were observed, varied with and without applying mortar 
coating and with and without filling the main cavities of the ceramic 
blocks with sand. The author concluded that the coating and filler 
increased the thermal insulation capacity of the masonry by 280%, 
which was initially 106 minutes.
Rigão [8] experimentally evaluated the behaviour of structural 
masonry wallettes with dimensions of 89 x 100 (cm) and 14 cm 
thick, comprising ceramic blocks, loaded and in a fire situation. 
Residual strengths of mortar and prisms were initially observed. 
The author found that after being submitted to a temperature of 
900 ºC, the mortar did not present any resistance and the prisms 
had approximately 50% of their initial resistances. In the wallettes, 
load increases occurred due to the vertical restraint and dilation of 
the materials. They remained sealed after the fire, however, as the 
temperature rise did not follow the standard curve, it was not pos-
sible to compare the results with fire safety standards
Various tests have already been carried out concerning concrete 
block masonry. In the Bloco Brasil  manual [9], the final results of 
two concrete block masonry fire resistance tests with the same 
nominal dimensions are presented. One is non-loaded with class 
C blocks and the other is loaded with class B blocks. The thermal 
insulation criterion failed at similar times for the two walls. Accord-
ing to ABNT NBR 6136:2016 [10], the average thickness of the 
class C block walls is slightly lower than those belonging to classes 
A and B. According to Bloco Brasil [9], this difference in the wall 
thickness of the blocks did not significantly influence the thermal 
insulation criterion.
By using prisms, thermal fields developed in walls can be simu-
lated, as the thermal flow occurs transversally to the elements. In 
addition, by carrying out thermo-mechanical simulations, the loss 
of material resistance can be represented due to thermal deterio-
ration. The advantage of using prisms is their representativeness, 
because they consist of blocks and mortar joints, as well as small 
dimensions which favour the numerical simulation which, especial-
ly in the case of thermal analysis, requires considerable discretiza-
tion of the model using high computational effort.
Thus, this paper aims to analyse the thermal insulation capacity 
of concrete block masonry using thermal simulations of prisms in 
ABAQUS/CAE software (version 6.14). The thermal fields devel-
oped in the prisms were simulated so as to later verify their me-
chanical resistance by means of thermomechanical simulations, 
in another study.
The thermal properties of the blocks and mortar were validated by 
comparing the average temperature increase on the face exposed 
to the environment obtained numerically, considering the result of 
a masonry experiment with mortar coating on the face exposed 
to the fire. The uncoated and mortar coated prism cases on both 
sides were also verified.

2. Thermal simulation characteristics 

The fire resistance wall test provided by the company, available in 
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Oliveira and Berto [11], was constructed with cast concrete blocks, 
characterized by resistance class C and nominal dimensions of 14 
x 19 x 39 cm. The blocks were manufactured using granite stone, 
granite dust and CP V-ARI cement. Mortar coating was applied on 
only one face, which was 1.5 cm thick, and horizontal and verti-
cal joints, which were 1 cm thick. The mortar used was industrial-
ized, from Votomassa. The wall was in a closed environment for 30 
days, protected from wind and rain.
Afterwards, with the intention of validating the thermal proper-
ties used in the block, the two- block prism with total mortar was 
modelled under the same conditions used in the experiment. The 
dimensions of the block walls were estimated so that the mean up-
per and lower area was the closest to the net area value of 297.95 

cm² measured by Oliveira [12]. In each concrete block, 6080 solid 
elements were used in the 320 mortar joint  and in the 3042 coat-
ing, all belonging to the DC3D8 “heat transfer” family and sides 
with dimensions of approximately 1 cm. The mesh used in the 
simulation is shown in Figure 1.
During the test, the ambient temperature was 17 °C. This tempera-
ture was applied to the prism following an initial step. Heat transfer 
mechanisms were considered between the flames and the prism, 
and from the prism to the environment, convection and radiation. 
On the face exposed to the fire, the kiln temperature rise was ap-
plied, presented in the experiment report, which was very close to 
the ISO 834-1:1999 curve [5].
The convection coefficients used in the modelling were those indi-
cated in Eurocode 1 Part 1-2:2002 [13] for the face exposed to the 
environment and for face exposed to the standard fire curve. The 
emissivity used on both sides was the one indicated for concrete in 
Eurocode 2 Part 1-2:2004 [14]. We decided to use the same emis-
sivity value for exposed and non-exposed faces, as Rosemann [7] 
and Nguyen et. al [15] did in their simulations. To represent air in 
the block cavities, the fluid-structure interaction was used, in which 
heat transfer occurs through conduction and convection. Figure 2 
shows the thermal simulation schemematic.
The moisture content of the material influences the specific heat val-
ues. According to Oliveira and Berto [11], the moisture content of the 
wall was verified by means of a representative prism obtaining the 
result of 2% by mass. Thus, an interpolation was performed with the 
specific heat values of Figure 3 obtaining 1664 J/(kg.K) for the 2% hu-
midity peak. For the specific mass of the concrete block, the value of 
2187 kg/m³ calculated with data contained in Oliveira [12] was used.
According to Andrade [16], granite aggregate in concrete has a 
thermal conductivity of 3.10 W /(m.K) for the average temperature 
of 40 ºC. According to Chichierchio [17], the thermal conductivity 
of a Class A block at ambient temperature with the same nominal 
dimensions and specific mass of 2150 kg m³ is 1.69 W/(m ° C). 
Eurocode 2 Part 1-2:2004 [14] presents the upper and lower limits 
of variation of the thermal conductivity according to the tempera-

Figure 1
Mesh used on one face coated prism

Figure 2
Schematic of the thermal modelling on one face 
of the coated prism 

Figure 3
Specific heat variation of the concrete according 
to the moisture content
Source: Eurocode 2 Part 1-2:2004 [14]
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ture increase for the concrete. The average of these values was 
calculated, obtaining the initial conductivity of 1.68 W/(m.K), which 
was very close to the value proposed in Chichierchio [17]. Thus, 
we decided to use the thermal conductivity mean curve presented 
in Figure 4 in the thermal simulation.
The specific mass of the mortar was calculated from the mass pro-
portion available in Oliveira [12], obtaining a value of 2180 kg/m³. 
The thermal properties of the mortar required for the modelling, 
such as specific heat and thermal conductivity, were adopted as 
available in Rodovalho, Simões and Corrêa [18].
In the air mass, internal to the cavities, an initial temperature of 
17 °C was also applied and a total of 9360 solid elements of the 
FC3D8 “fluid” family, with dimensions of approximately 1 cm were 
used. Figure 5 shows the mesh used in the air mass.
In Donoso [19], the thermal conductivity of air is presented varying 
between approximately 0.014 and 0.024 W/(m.K), depending on the 
temperature. Concerning the fluid-structure interaction, the radiation 
in the cavities was not represented. To compensate for this fact, at-

tempts were made to raise the thermal conductivity values of the air 
mass in order to obtain a suitable adjustment between the numeri-
cal and experimental temperature rises. The specific heat variation 
of air used in the modelling was indicated by Abbott and Van Ness 
[20], adopting values of 1.22 kg/m³ of density and viscosity of 1.82 x 
10-5 kg/(m.s). Table 1 shows the thermal conductivity values, already 
adjusted, and specific heat used for air in the present simulation.

2.1 Uncoated mortar prism

After considering the material properties used in the coated prism, 
which will be shown in item 3.1, the thermal behaviour of the un-
coated prism with properties equal to the former was simulated by 
applying the temperature rise ISO 834-1: 1999 curve [5] for the fire 
and ambient temperature of 20 °C. This process was carried out 
during five hours of fire.
In order to reduce the processing time, the symmetry plane com-
mon to the compression and fire analyses was used because for 
the thermo-mechanical simulation, the thermal fields obtained from 
the fire simulation need to be inserted. The properties and mesh 
used were maintained from the previous simulation except for 
the coating, and by using symmetry the number of elements was 
halved. The symmetry plane is shown in Figure 6.

2.2 Mortar-coated prism on both faces

In structural masonry, it is common to have a coating on both sides 

Figure 4
Thermal conductivity variation of the concrete 
according to the temperature rise
Source: adapted from Eurocode 2 Part 1-2:2004 [14]

Figure 5
Mesh used in air mass

Table 1
Thermal properties of air used in the simulation

Temperature
T (ºC)

Thermal 
conductivity

W/(m.K)

Specific heat
J/(kg.K)

17 0.100 1012
60 0.130 1017
80 0.160 1019

100 0.200 1022
200 0.250 1035
300 0.275 1047
400 0.290 1059
500 0.300 1076

1000 0.300 1139
1500 0.300 1139

Source:  adapted from Abbott and Van Ness [20]

Figure 6
Symmetry plane
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of the wall. Thus, we chose to include this simulation. The coating 
was made 1.5 cm thick and the thermal properties of the block, 
mortar and air mass were maintained the same as the previous 
simulations. Symmetry was also considered for this case. 
As was previously done, the ambient temperature of 20 °C and 
temperature rise according to the ISO 834-1: 1999 [5] fire curve 
were considered. The thermal modelling schematic of the mortar-
coated prism on both faces is shown in Figure 7.

3. Results and discussion

3.1 Validation of the coated prism thermal
	 simulation	on	the	face	exposed	to	fire	

The thermal modelling validation was done comparing the aver-
age temperature rise on the face not exposed to the experimental 

fire considering the results of the average numerical temperature 
rise of the same face. In the fire resistance test, no temperature 
readings were taken in the inner wall region. Thermocouples were 
placed at 11 different points of the non-exposed face and the mean 
temperature rise was calculated considering 5 points.
During the test, the coating did not come loose. The mean temper-
ature rise threshold of the thermal insulation criterion was reached 
in 104 minutes, and then had a 90-minute fire rating (CF90), as the 
test specimen remained sealed and stable for 120 minutes and the 
fire rating is defined in intervals of 30 minutes, for values between 
60 and 120 minutes, according to ABNT NBR 10636:1989 [21].
The numerical mean temperature rise of the non-exposed face 
was calculated with measured values in the block and the mortar, 
projected in the centre and in the prism cavity. The mean and ex-
perimental temperature rises are shown in Figure 8.
It can be observed that initially, in the experimental temperature 
rise on the face not exposed to fire, there is a plateau that was not 
noticed in the numerical result, even with the specific heat peak 
for the temperature of 100 ºC according to the moisture content of 
2 %, which should represent the latent heat of vaporization, and 
adjustments in the thermal conductivity of air. However, after ap-
proximately 35 minutes of fire, the results began to converge. The 
mean temperature variation of the thermal insulation criterion was 
reached by means of the numerical simulation in 106 minutes, dif-
fering in only 2% of the experimental result.
Temperature measurements were made at various points of the 
prism in the thermal simulation, and they were positioned in the 
block and the mortar joint, in the projection of the cavity and cen-
tre and at different thicknesses. The points were named after the 
approximate dimensions of the side of the block in centimetres, 
where D0 is the face closest to the fire and D14 is the face exposed 
to the environment. The temperature variation of these different 

Figure 7
Schematic of the mortar-coated prism on both faces 

Figure 8
Numerical and experimental temperature rises
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points is presented in Figure 9. The average temperature variation 
for the verification of the thermal insulation criterion was calculated 
through the last four points.

The thermal fields developed on the coated prism on one  
face and in the air mass are shown in Figure 10, at 30-minute 
intervals.

Figure 9
Temperature variation at various points of the coated prism on one face

Figure 10
Thermal fields developed in the coated prism on one face and in air mass 



644 IBRACON Structures and Materials Journal • 2019 • vol. 12 • nº 3

Thermal simulation of prisms with concrete blocks in a fire situation

3.2 Uncoated mortar prism

In the present case, the mean temperature variation of the thermal insu-
lation criterion was reached numerically at 86 minutes for the uncoated 
prism. According to Technical Instruction nº 08:2011 [22], an uncoated 
wall constructed with blocks with the same nominal dimensions has 
90 minute thermal insulation, differing in only 4% of the result obtained 
from the thermal simulation. However, the thermal insulation capacity of 
86 minutes is equivalent to the CF60 fire rating, disregarding the other 
criteria. According to Chichierchio [17], a wall with a supporting func-
tion, in the same conditions of the prism and constituted by blocks from 
the company Tecprem, has the same fire rating. Figure 11 shows the 
temperature rise in various points of the uncoated prism, named in the 
same way as the coated prism on only one face.

Figure 12 shows the thermal fields developed in the uncoated 
prism and the air mass.

3.3 Mortar-coated prism on both faces

By using mortar coating on both sides, the mean tempera-
ture rise of the thermal insulation criterion was reached in 
137 minutes on the face exposed to the environment. This 
time is equivalent to the CF120 fire rating, disregarding the 
other criteria. The temperature rise in various points of the 
prism, named according to that done previously, are shown in  
Figure 13.
The thermal fields developed in the coated prism on both faces 
and air mass are shown in Figure 14.

Figure 11
Temperature variation at various points of the uncoated prism 

Figure 12
Thermal fields developed in the uncoated prism in air mass 
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4. Conclusion

By using thermal simulations, we were able to adequately repre-

sent the temperature evolution of the faces not exposed to fire, 
even without specific experimental data of the thermal property 
variations of Brazilian concrete blocks, using the properties  

Figure 13
Temperature variation at various points of the coated prism on both faces

Figure 14
Thermal fields developed in the coated prism on both faces and in air mass 
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indicated for the concrete available in Eurocode 2 Part 
1-2:2004 [14]. 
The modeling was validated using an experiment provided by a com-
pany, with a wall made up of class C blocks available in Oliveira and 
Berto [11] and with a fire rating result of presented in Chichierchio [17] 
for the masonry comprising class A. It is expected that the thermal 
fields developed in blocks from both classes and with the same nomi-
nal dimensions are similar considering that the same properties and 
dimensions were used for both simulations.The theoretical thermal 
insulation of the uncoated prism was maintained for more than 60 
minutes. Thus, the concrete block with the characteristics specified in 
the present study resisted reasonably well to this criterion.
It was observed that there was a significant beneficial effect of the 
thermal insulation when the mortar coating was 1.5 cm thick. Ap-
plying the coating only on the face exposed to the fire, as in the 
case of the experiment, a numerical increase of approximately 
23% in the thermal insulation time was obtained in relation to the 
uncoated prism. In the case of coating on both sides, the predicted 
theoretical increase was 59%.
The highest required fire resistance time required by ABNT NBR 
14432:2001 [23] is 120 minutes. As long as the mortar coating does 
not come loose on the face exposed to fire, as it did not occur in 
the case proposed by Oliveira and Berto [11], the coated prism on 
both sides would theoretically meet the thermal insulation criterion.
However, according to Technical Instruction nº 08:2011 [22], the 
highest required fire resistance time is 180 minutes for buildings 
that are more than 120 m high depending on their type of occu-
pation. According to this reference, a wall consisting of concrete 
blocks with the same nominal dimensions and mortar coating on 
both sides, which are 1.5 cm thick, has thermal insulation of two 
hours, confirming the adequate adjustment of the simulation.
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