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Abstract  

Resumo

In Brazil, reinforced concrete structures designed based on NBR 6118 [1] must be assessed in fire conditions through NBR 15200 [2], which pro-
poses multiple test methods. Concerning beams, this standard offers the tabular and simplified methods as possible choices. This study aimed to 
compare these two methods by applying their principles to isostatic and hyperstatic beams with section of 20x50 cm, designed at room tempera-
ture according to NBR 6118 [1]. The temperature distribution along sections was obtained by means of a software program. The results from this 
study indicated that the simplified method yielded higher fire-resistance ratings (FRR) in 75% of cases, although not surpassing the tabular method 
by 30 minutes. The simplified method allowed an optimization of the results, despite the longer design time.

Keywords: reinforced concrete in fire conditions, fire, structural design, NBR 15200.

No Brasil, as estruturas de concreto armado projetadas com base na NBR 6118 [1] devem ser verificadas em situação de incêndio pela NBR 
15200 [2], a qual propõe diferentes métodos de verificação. No caso de vigas, tem-se como alternativa o método tabular e o simplificado, 
entre outros. O objetivo deste artigo foi realizar uma comparação entre ambos os métodos, por meio da aplicação de seus critérios em vigas 
isostáticas e hiperestáticas, de seção 20x50 cm, projetadas à temperatura ambiente pela NBR 6118 [1]. A distribuição de temperatura nas 
seções foi obtida por programa computacional. Os resultados apontaram que, no caso estudado, o método simplificado apresentou tempos de 
resistência ao fogo (TRF) superior em 75% dos casos, mas não superiores a 30 minutos em relação ao método tabular. O método simplificado 
permitiu otimizar resultados, apesar do maior tempo para o dimensionamento.

Palavras-chave: concreto armado em situação de incêndio, incêndio, projeto estrutural, NBR 15200.
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1. Introduction

Mechanical and physical properties of structural elements of rein-
forced concrete vary according to temperature. When the structure 
is exposed to fire, temperature increases and alters mechanical 
and thermal properties of the materials composing the structure 
[4]. These changes cause loss of strength and adherence between 
cement and aggregates, as well as cracking and spalling [5], which 
may lead to local or global collapse [6] and therefore must be con-
templated during the design stage.
Upon being exposed to fire, beams that are heated only on the bot-
tom surface can suffer deformations from mechanical degradation 
and thermal expansion of the materials that comprise them [15, 16]. 
Non-uniform thermal expansion brings about differential expansion 
to the piece which moves the line of action of the horizontal hyper-
static reaction below the neutral axis of its cross-section if stopped 
by the constraint provided by the supports, hence causing bending 
moments contrary to positive flection. The effect is triggered by me-
chanical degradation of the piece’s heated area. The higher heating 
of the beam’s bottom half, directly exposed to the burning environ-
ment, in conjunction with the lower heating of the other half, thermal-
ly protected along the intersection with the slab, makes the mechani-
cal properties of the less heated part undergo transformations milder 
than the others [8]. Such fact promotes an uneven redistribution of 
stresses in the section of the beam, which starts to present different 
tensile strengths in the multiple layers that compose it.
For design, the required fire-resistance rating (TRRF) is given by 
NBR 14432 [3]. The criteria for the structure to reach this condition 
are given by NBR 15200 [2], inspired by EN1992-1-2 [21], through 
the tabular, analytical, simplified, advanced and experimental 
methods of assessment of reinforced concrete structures. The 
methods differ from each other according to the approach chosen, 
which can be more or less complex as more refinement is sought.
The analytical method cannot be applied to reinforced concrete 
beams, as it is effective for columns only. The tabular method is the 
easiest to apply, despite being the most conservative and able to 
yield anti-economical values with a degree not yet measured. The 
simplified and advanced methods are more complex and precise 
[7]. The experimental methods are costly and face limitations with 
regards to laboratory test furnaces [9].
When dimensioning reinforced concrete beams by the tabular 
method, [19] points out that the following hypotheses are admis-
sible: (a) beams under slabs, which promote their heat on three 
surfaces only, (b) moment redistribution, as for continuous beams, 
and (c) critical temperature of bottom longitudinal reinforcements 
equals to 500°C. In order to define the strength reduction factors 
of materials subjected to high temperatures, [19] states that NBR 
15200 relied on old correlations, presented in Equations (1) for 
steel, depicted as graphs in the standard. The strength reduction 
factors of reinforcements are used in the simplified and advanced 
methods as well. The design criteria took inspiration from Euro-
code 2, whereas some adjustments and simplifications were ad-
opted to fit the Brazilian reality.

for 20 oC < θ < 350 oC
for 350 oC < θ < 500 oC

for 500 oC < θ < 700 oC
for 700 oC <θ< 1200 oC

(1)

As simplification, NBR 15200 [2] allows the calculation stresses 
in fire conditions to be 70% of the calculation stresses at room 
temperature, disregarding wind effects. The principle is valid for 
analyzing isolated elements that could ignore the effects of thermal 
expansion that occur during the fire [10]. NBR 15200 also allows 
the designer to disregard the stresses from thermal expansions, 
because the increase of temperature makes the pieces lose tough-
ness and increases their plastic adaptability [7].
Therefore, this study aimed to compare the tabular and simplified 
methods proposed by NBR 15200 [2], applying them to two hypo-
thetical beams: one hyperstatic and the other isostatic. The tabular 
was expected to be conservative, but comparing it with the simplified 
method, which takes longer and requires computer-aided simula-
tions that are more specific and sophisticated, makes it possible to 
understand its degree of conservatism and then contribute to the vi-
ability of alternative methods minding the practical results obtained.

1.1 Justification

Estimating fire resistance of elements by means of tabulated data 
is simple, although this procedure faces limitations such as its ap-
plication to elements with preset sizes and design criteria [11]. Be-
sides its frequent inability to support real conditions of load, dimen-
sioning and behavior of structures [12], this procedure can yield 
results that are less economical than more sophisticated methods. 
Some authors recognize that tabular methods do not pose as the 
best technical solution for disregarding specific needs inherent to 
structures and protection systems that may be present [9, 12]. In 
spite of being methods of fast to application, their conservatism is 
necessary and justifiable.
According to [4], the determination of fire resistance of elements 
through mathematical methods has been gaining acceptance for 
being less costly than experimental tests in real scale while giving 
answers that are more interesting than those of tabular methods due 
to the addition of some principles of design at room temperature.
It is then necessary to understand the degree of conservatism in-
herent to the tabular method for assessment of reinforced concrete 
beams in fire conditions proposed by NBR 15200 [2], comparing it 
to other more sophisticated methods of the same standard, like the 
simplified method. The results can show indirectly that it is possible 
to use computer tools and the criteria of more sophisticated designs.

2. Method

An isostatic simply-supported beam and a hyperstatic beam were 
analyzed. These measures were adopted because NBR 15200 [2] 
consents the degree of elasticity of elements within design propo-
sitions. Considering that the structural design in fire conditions re-
gards a verification, the beams were dimensioned at room temper-
ature first and then assessed in this exposure condition under the 
tabular and simplified methods of NBR 15200 [2]. The Abaqus® 
software suite (version 6.11) was therefore used to determine the 
temperature distribution along sections.
The top face of the beam, at the height of the pavement, was 
considered adiabatic. It is then supposed that temperatures con-
centrate on the floor of the building and on the slab around the 
beam, which must be evaluated through NBR 15200 [2], hence 
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fulfilling the requirements of mechanical strength (S), tightness (T) 
and thermal insulation (I), and compartmentalizing the room. It was 
also assumed that the slab thermally protects part of the lateral 
face of the beam at their intersection point. Thus, the top reinforce-
ments of the beam are thermally protected, as the coefficient C1 
lateral (C1l) related to them is theoretically infinite. The other prin-
ciples adopted in this study are described as follows.
 
2.1 Mechanical parameters

Table 1 presents the mechanical parameters that were admitted for 
the design of beams.

2.2 Parameters and design criteria

The beams were dimensioned for all NBR 6118 [1] durability de-
sign classes, as reinforcement cover and concrete strength inter-
fere with the fire-resistance rating of the elements. The design pa-
rameters adopted are presented in Table 2.
The structural design of beams did not consider the contribution 
of the slab. They were calculated as rectangular. The beams were 
dimensioned at the bending moment seeing that they usually 
break as a result of bending rather than shearing when on fire, as 
stressed by [17] and noted in the experimental study of [16].
The calculation criteria were based on the hypotheses of flat sec-
tions, absolute adherence between steel and concrete and null par-
ticipation of tensile stresses on concrete. The rectangular sections 
of the beams were designed with simple reinforcements which were 
rightfully satisfied by the analysis of relative depth of the neutral axis, 
and the application of the criterion of stress redistribution.
The procedure admitted for room temperature dimensioning has 
been deduced by equilibrium of forces in [18], and is presented in 

Equations (1), (2) and (3), whereas Equation (2) details the reduced 
bending moment μ admited, with concrete strength reduction factor 
γf equals 1.40 as per [1]. The relative depth of the neutral axis ξ was 
defined in Equation (3), minding λ=0.80, factor which came from 
simplifications of the parabola-rectangle diagram for compressive 
stresses that act on the concrete. The area of steel was defined 
based on Equation (4), with γs = 1.15 [1], b and d the useful width 
and height, respectively, of the rectangular section of the beam.

(2)

(3)

(4)

The calculation procedure for fire conditions was similar to the one 
at room temperature. It considered a bending moment Md equals to 
70% of the one admitted at room temperature and disregarded the 
factor α = 0.85 related to long-duration effects on concrete and the 
adjustment between values measured for cylindrical specimens 
and the ones of the finished structure, with strength reduction fac-
tors of 1.00, as per [2]. The characteristic strengths of materials, fck 
and fyk, were multiplied by a reduction factor that varied according 
to the average temperature of each fire exposure time admitted. 
These strength reduction factors are defined by [2].

2.3 Structural calculation modeling

The study was performed on two reinforcement concrete beams 
of distinct elastic conditions. The first, isostatic, was modelled as 
simply supported with a span of 5 m and linearly distributed load of 
20 kN/m, called “Beam B1”, as depicted in Figure 1a. The second, 

Table 1
Mechanical parameters admitted

Parameter Steel Concrete
Poisson’s ratio 0.30 (NBR 6118) 0.15 (NBR 6118)

Elastic modulus 
(GPa) 210 (NBR 6118) 25 (NBR 6118)

Thermal 
conductivity

Annex E 
of NBR 14323

Annex C of 
NBR 15200

Specific heat Annex E 
of NBR 14323

Annex C of 
NBR 15200

Density (kg/m³) 7850 (NBR 6118) 2400 (NBR 6118)

Table 2
Parameters of design as per NBR 6118

Exposure class fck 
(MPa)

Nominal cover 
(mm)

I – Weak 20 25
II – Mild 25 30

III – Strong 30 40
IV – Very strong 40 50

Figure 1
Calculation model of (a) Beam B1 and (b) Beam B2
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hyperstatic, was modelled as continuous, with spans of 5 m and 
the same load, being entitled “Beam B2” as depicted in Figure 1b.

2.4 Nomenclatures and details of elements

The nomenclature adopted consisted of the number of the beam, 
in Arabic numerals, followed by the exposure class of NBR 6118 to 
which it belongs, in Roman numerals. Therefore, B1-I, B1-II, B1-
III and B1-IV are the names for Beam 1 designed for exposure 
classes I, II, III and IV respectively. Similarly, B2-I, B2-II, B2-III and 
B2-IV make up the nomenclature of Beam 2.
Figure 2 presents the sections of beams B1 and B2 according to 
the dimensioning at room temperature, for durability design class-
es I to IV of NBR 6118 [1]. For simplification, both positive and neg-
ative reinforcements were considered for B2, which correspond to 
the segments of higher stress. Stirrups with diameter of 5 mm were 
admitted in a representative way.

2.5 Procedure of assessment of beams  
 in fire conditions

The procedures adopted for assessing reinforced concrete beams 
at high temperatures through the tabular and the simplified meth-
ods are presented as follows.

a) Tabular method

Determining TRF through this method consisted of comparing the 
dimensions of the beam designed at room temperature with the 
minimum thicknesses of C1 (C1req) required by NBR 15200 [2]. 
Due to there being only one layer of longitudinal reinforcements, the 
coefficient C1req for beams had to be increased by 10 mm as noted 
in section 8.2.1 of NBR 15200 [2], considering that temperature con-
centrates mainly along the edges of the interior face of the beams. 
The values of C1req of each TRRF for Beam B1 and Bean B2 admit-
ted interpolations of the tables of NBR 15200 [2]. The C1req values 
are presented in Table 3. The width “b” turned out to be insufficient 
within the criteria of this method on certain occasions.
The TRF of each element was obtained through the tabular meth-
od by comparing C1req with the thickness C1 defined for the beam 

designed at room temperature, here called C1calc. The thickness 
value of C1 regards the distance between the face of the element 
and the center of the longitudinal reinforcement and is given by 
Equation (5), where “c” is the cover thickness of the reinforcement, 
Øe the diameter of the stirrup, and Øp the diameter of the longitu-
dinal reinforcement.

(5)

b) Simplified method

The assessment through this method consisted of comparing the 
moment of inertia of the section of the beam, admitting strength 
loss of steel and concrete at high temperatures, with bending mo-
ment in fire conditions. In this case, the bending stress of calcula-
tion was assumed as 70% of the one at room temperature as per 
NBR 15200[2]. The redistribution of moments in fire conditions was 
admitted for beams B2. This redistribution reduced moment in the 
span by 25% and was recalculated based on Equation (6), typify-
ing the criterion practiced by [20]. It was also used at room temper-
ature, although with different safety factors, where “l” is the span 
of the beam,  and  are the negative and positive 
bending moments of calculation redistributed in fire conditions, and 
pd,fi is the value of the uniformly distributed  load in fire conditions.

(6)

To determine the temperature distribution along sections of the 
beam, a computer-aided model by finite elements was speci-
fied. With the temperature at longitudinal reinforcements and the 
compressed section of concrete, a strength reduction factor was 
applied to each material as NBR 15200 [2] recommends. The 
moment of inertia was thereby recalculated based on the same 
procedure adopted at room temperature, although using a fac-
tor of 1 to weigh strengths instead of the factors of 1.40 and 1.15 
for concrete and reinforcements respectively indicated in section 
6.2.1 of NBR 15200 [2]. For analyses at high temperatures, the 
strength of concrete was not affected by the factor α = 0.85 defined 
by [1] in the calculations at room temperature, which regard the 
long-duration effects that act on the structure, set for a lifespan of 
50 years, and the difference between strength values defined for 
specimens and the ones measured for the finished structure. As for 
high-temperature calculations, the designed load of the structures 
was equals to 70% of the one defined at room temperature, in ac-
cordance with section 8.1 of NBR 15200 [2].

Figure 2
Details of beams B1 and B2 for each exposure class

Table 3
C1 coefficients required by NBR 15200

RFRR
(min)

C1req 
Beam B1

C1req 
Beam B2

30 15 12
60 29.55 12
90 54.54 40.45

120 76.40 54.09
180 Insufficient “b” Insufficient “b”
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2.6 Criteria admitted for computer-aided analyses

The exposure temperatures of the beams abided by the ISO 834 
curve [13]. The beams were exposed by means of a convective 
and irradiant flow on the three exposed faces, assuming that the 
upper face was insulated by the slab (adiabatic). It should be noted 
that the slab was not considered as an element that contributed 
to the bending moment of the beam, but as a thermal protection 
instead. The coefficients of emissivity and convection used were 
those recommended by NBR 15200 [2]. Upon obtaining the tem-
peratures in the section, a mesh with 3 cm of side was defined in 
the analysis. The average temperature of concrete was collected 
only in the compressed region of the section. The concrete that 
bore stress was neglected in the calculation.

3. Results and discussion

3.1 'Calculation of the bending moments of design

The bending moments of calculation used for room-temperature 
dimensioning are presented in Table 4.

3.2 Structural detailing

The correlation between positive bending moment of calculation 
and positive limiting moment of the section designed (degree of 
utilization) of beams B1-I, B1-II, B1-III, BI-IV, B2-I, B2-II, B2-III 
and B2-IV was 88.85; 88.50; 89.64; 90.58; 90.54; 90.83; 92.41; 
78.58 % respectively. For the negative moments of beam B2-
I, B2-II, B2-III and B2-IV, the degree of utilization achieved was 
88.85; 88.50; 89.64 and 90.58 % respectively. For exposure class 
IV, three bars of 100 mm of diameter had to be added to beam B2 
in order to achieve the minimum distance between bars required 
by NBR 6118 [1]. 

3.3 Assessment in fire conditions: tabular method

Table 5 presents the thickness C1 obtained by calculation and 
dimensioning of each beam (C1calc) at room temperature and the 
minimum thicknesses of C1 (C1req) required by NBR 15200 [2]. 
Both coefficients were compared and the resulting fire-resistance 
time (TRF) was defined.
By comparing cover thicknesses of reinforcements dimensioned at 
room temperature, and so the coefficients C1 extracted from the 
section designed, a comparison with the dimensions proposed by 
NBR 15200 [2] was performed. For isostatic elements, the beams 
designed to meet requirements at room temperature can reach a 
TRRF of up to 90 minutes. As for hyperstatic elements, these can 
reach up to 120 minutes.  When applying the tabular method to the 
beams of this study, the staticity admitted for the calculation mod-
el only has impact if the dimensioning regards exposure classes  

Table 4
Bending moments at room temperature

Element Positive moment 
(kNm)

Negative moment 
(kNm)

Beam B1 62.50 –
Beam B2 35.20 62.50

Figure 3
Isotherm B1-I for ratings of (a) 30, (b) 60, (c) 90, (d) 120, and (e) 180 minutes

Table 5
FRR attained though the tabular method

Element b (mm) Cover (mm) C1calc (mm) C1req (mm) FRR (min)
Beam B1 – I 200 25 36.25 29.55 60
Beam B1 – II 200 30 41.25 29.55 60
Beam B1 – III 200 40 51.25 29.55 60
Beam B1 – IV 200 50 61.25 54.54 90
Beam B2 – I 200 25 34.00 12 60
Beam B2 – II 200 30 39.00 12 60
Beam B2 – III 200 40 49.00 40.45 90
Beam B2 – IV 200 50 59.00 54.09 120
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III and IV. The beam of classes I and II did not present fire-resis-
tance gains when the staticity was changed.

3.4 Assessment in fire conditions:  
 simplified method

The temperatures adopted in the beam assessment calculations, 
admitted to estimate strength reduction factors of the materials that 

made composed them, were visually extracted from the isotherms 
yielded by the Abaqus software suite and are depicted from Figure 
3 to Figure 10.
It can be noted, as expected, that the thicker the cover of the re-
inforcements, the higher the thermal protection provided by the 
concrete to the steel bars, due to the increase of the factor C1. 
This fact must be analyzed with caution though, as the distribu-
tion of temperature along sections doesn’t depend solely on this 

Figure 6
Isotherm B1-IV for ratings of (a) 30, (b) 60, (c) 90, (d) 120, and (e) 180 minutes

Figure 4
Isotherm B1-II for ratings of (a) 30, (b) 60, (c) 90, (d) 120, and (e) 180 minutes

Figure 5
Isotherm B1-III for ratings of (a) 30, (b) 60, (c) 90, (d) 120, and (e) 180 minutes
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Figure 7
Isotherm B2-I for ratings of (a) 30, (b) 60, (c) 90, (d) 120, and (e) 180 minutes

Figure 8
Isotherm B2-II for ratings of (a) 30, (b) 60, (c) 90, (d) 120, and (e) 180 minutes

Figure 9
Isotherm B2-III for ratings of (a) 30, (b) 60, (c) 90, (d) 120, and (e) 180 minutes

Figure 10
Isotherm B2-IV for ratings of (a) 30, (b) 60, (c) 90, (d) 120, and (e) 180 minutes
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parameter, as it was imagined, but on thermophysical proper-
ties of concrete and geometry of the structural element as well. 
The cover thickness of the reinforcements of the set of beams 
analyzed in this study caused more impact than the diameter of 
longitudinal reinforcements. This was predictable, since the thick-
ness C1 theoretically increases more as a result of the variation of 
cover thicknesses set on the exposure classes rather than from the  
increase of diameter. Additionally, the top reinforcements did not 
lose strength, taking in mind the little variation of its temperatures 
attained due to the thermal protection provided by the slab and the 
assumption that the top face of the slab was adiabatic. The authors 
consider such simplification acceptable because the lateral cover 
thickness of these reinforcements, ensured by the slab, is infinite. 
Regarding the adiabatic top surface, it was admitted that the fire 
would concentrate in a single room, heating only the perimeter of the 
slab that is exposed to fire conditions without spreading to adjacent 
rooms. Therefore, the slab was considered to have met compart-
mentalization requirements.
These results defined the TRF of beams B1-I, B1-II, B1-III, BI-IV, 
B2-I, B2-II, B2-III and B2-IV, which were 60, 90, 90, 120, 90, 90, 
120 and 120 minutes respectively.

3.5 Comparison between tabular  
 and simplified methods

Table 6 comprises the comparison of both methods. The simplified 
method presented higher TRF for six elements, that is, in 75% of 
cases, whereas the TRF obtained in the other the 25% was the 
same for both models. This demonstrates that the simplified meth-
od yields better results for the design and results in pieces that 
are more appropriate for this type of analysis, although not in the 
totality of cases analyzed. The fact that none of the elements pre-
sented lower TRF for the simplified method within the calculation 
models adopted indicates that the tabular method yields reliable 
conservative results for the case in question. These results must 
still be proven through larger samplings that analyze a wider set of 
design conditions, though. Moreover, the simplified method grants 
more freedom to the designer, allowing assessments that vary di-
ameter of reinforcements or concrete strength, which would not be 
possible through the tabular method.
As for the application time, the tabular method is simpler and faster 
to be applied, while the simplified method required more complex 
analyses with specific software programs to determine temperature 
distribution along sections of the element and then assess the bend-
ing moment via the application of strength reduction factors. Yet, this 
longer time spent on the analysis can be used to optimize the design 
and reduce costs related to consumption of materials, although such 
fact still has to be proven by a wider set of real design situations.

4. Conclusions

This study aimed to compare the tabular and simplified methods 
of assessment proposed by NBR 15200 [2] applied to two rein-
forced concrete beams in different conditions. The criteria for struc-
tural analysis at high temperatures were applied to an isostatic 
beam and a hyperstatic beam measuring 20 cm x 50 cm, dimen-
sioned at room temperature for durability design classes I to IV of  

NBR 6118 [1]. Based on designs at room temperature and assum-
ing that analyses at high temperatures regard a verification, the 
aforementioned beams were assessed for safety in fire conditions 
through the methods of NBR 15200 [2]. 
n The fire-resistance time (TRF) of the 20x50cm beams were 

higher for exposure classes III and IV of NBR 6118 [1] for both 
methods due to the higher thickness of the C1 coefficient,  
as expected;

n The staticity of the beam turned out to be influent as it tended 
to increase TRF by 30 minutes. This difference is a conse-
quence of the redistribution of moments that took place when 
the continuous beam was exposed to fire; 

n The parameter of highest impact on fire resistance of the beam 
was the temperature of reinforcements for both methods, which 
supports the methodology of the tabular method as it considers 
the width of the cross-section and the distance between the 
center of the reinforcements and the face exposed to fire as 
assessment parameters;

n The TRF yielded by the simplified method was higher than the 
one of the tabular method for beams B1-II, B1-III, B1-IV, B2-I, 
B2-II and B2-III, which correspond to 75% of cases. The TRF 
obtained through the simplified method for these beams was 
30 minutes higher than the TRF obtained through the tabu-
lar method. Such difference between methods is due to the 
simplified method requiring the measurement of reinforcement 
temperatures every time period and the recalculation of the 
bending moment of the element according to this temperature, 
hence increasing its precision;

n In spite of requiring a more detailed analysis of the element, the 
simplified method yields higher TRF than the tabular method;

n As a suggestion, larger samplings should be conducted, main-
ly those covering other conditions and scenarios of design for 
these elements. The experimental evidence of results is part 
of the next steps of this study, which shall be conducted in 
the horizontal furnace of the fire-safety laboratory of itt Perfor-
mance at Unisinos.
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