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11 ABSTRACT

12The paper provides a prognosis of the survival conditions of victims of a fire in a dormitory in a
13esidential building, using the Fire Dynamics Simulator-FDS computer program. Based on a
14ontextualization of deaths caused by fire in the world and in Brazil, most deaths occur in residential
1®nvironments. Given the preventive gap in these environments, lethal concentrations of carbon
lémonoxide and dioxide were analyzed, as well as the temperature and minimum oxygen concentration.
17The maximum time that occupants of the dormitory would remain in the four positions was estimated,
1&onsidering people with mobility difficulties. It was found that the environment becomes lethal in a
I9maximum of 8 minutes after the fire, in the positions studied.
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Quanto tempo de vida? A sobrevida de pessoas em incéndios em dormitorio
residencial, com o uso do Fire Dynamics Simulator- FDS.

RESUMO

Este artigo traca um progndstico das condi¢des de sobrevida de vitimas de incéndio num
dormitorio em edificio tipo residencial, através do programa computacional Fire Dynamics
Simulator - FDS. A partir de uma contextualiza¢do sobre as mortes causadas por incéndio no
mundo e no Brasil, vé-se que a grande maioria dos 6bitos se ddo em ambientes residenciais. Diante
da lacuna preventiva nesses ambientes, analisou-se as concentragdes letais de monoxido e dioxido
de carbono, bem como temperatura maxima e concentracdo de oxigé€nio minima e estimou-se
tempo maximo que ocupantes do dormitdrio passam nas quatro posi¢cdes de interesse,
considerando pessoas com dificuldades de locomogao, verificando que o ambiente se torna letal
em no maximo 8minutos apds o inicio das chamas, nas posicdes estudadas.

Palavras-chave: incéndio em dormitério; incéndio residencial; investigacdo de incéndios;
sobrevida em incéndios.

,Cuanto tiempo vivir? La supervivencia de las personas en incendios de
dormitorios residenciales, con el uso de FDS.

RESUMEN

El articulo describe un pronoéstico de las condiciones de supervivencia de victimas de incendio en
un dormitorio de un edificio residencial, con uso del programa informatico Fire Dynamics
Simulator-FDS. A partir de la contextualizacion de muertes causadas por incendios en el mundo y
en Brasil, se observa que la mayoria de las muertes ocurre en ambientes residenciales. Asi, este
articulo analiza las concentraciones letales de mondxido y dioxido de carbono, las temperaturas y
la concentracion de oxigeno, nocivas para la vida y el tiempo que los ocupantes de una habitacion
pasan en cuatro posiciones de interés, considerando personas con dificultades de movilidad,
verificando que el ambiente se vuelve letal en un maximo de 8 minutos de incendio, en cualquiera
de las posiciones estudiadas.

Palabras clave: incendio en dormitorio; incendio residencial; investigacion de incendios;
supervivencia al fuego.

Legal Information

Revista ALCONPAT is a quarterly publication by the Asociaciéon Latinoamericana de Control de Calidad, Patologia y
Recuperacion de la Construccion, Internacional, A.C., Km. 6 antigua carretera a Progreso, Mérida, Yucatan, 97310, Tel. +52 1 983
419 8241, alconpat.int@gmail.com, Website: www.alconpat.org

Reservation of rights for exclusive use No.04-2013-011717330300-203, and ISSN 2007-6835, both granted by the Instituto
Nacional de Derecho de Autor. Responsible editor: Pedro Castro Borges, Ph.D. Responsible for the last update of this issue,
Informatics Unit ALCONPAT, Elizabeth Sabido Maldonado.

The views of the authors do not necessarily reflect the position of the editor.

The total or partial reproduction of the contents and images of the publication is carried out in accordance with the COPE code and
the CC BY 4.0 license of the Revista ALCONPAT.

How long to life? The survival of people in fire of a

residential bedroom using Fire Dynamics Simulator — FDS. 385

Corréa, C., Martins, W., Castro, A., Lopes, M., Ferrrari Junior, B.


mailto:alconpat.int@gmail.com
http://www.alconpat.org/

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148

386

Revista ALCONPAT, 15 (3), 2025: 384 — 412

1. INTRODUCTION

Despite their frequency, building fires in Brazil are still not fully understood (Rodrigues et al.,
2017). The buildings most susceptible to these incidents, their occupancy, resilience, and especially
their ability to survive inside them, constitute information that has not yet been consolidated in the
country (Hahnemann et al., 2017).

However, recent studies on urban fires in some regions of Brazil indicate a greater prevalence in
residential buildings (Corréa et al., 2015; Falcao, 2024).

It is also noteworthy, amid research conducted in the country, that in certain regions, the
overwhelming majority of deaths and serious injuries result from fires in residences: both multi-
family and, primarily, single-family (Santos, Corréa, and Kriiger, 2024; Menezes and Corréa, 2022;
Carnieletto, Castro, and Aratjo, 2019; Santos, 2016), highlighting the importance of studying this
type of fire with accurate lens.

Regarding survival and the ability to withstand extreme situations in environments where high
temperatures and gases are released, it is crucial to define these as objects of study and thus develop
methods that simulate such extreme conditions.

It is true that many studies use structural components subjected to high temperatures through the
use of special furnaces and radiant panels in an attempt to decipher the behavior of these structures
in fire situations (Costa, Pires, Régo Silva, 2023; Vasconcelos, Pires, Régo Silva, 2024; Laim et
al., 2014), constituting highly relevant research in construction engineering. However, the
interaction and dynamics of the fire load components (burning objects), the behavior of heat waves,
and the flow and effects of flammable gases pose greater difficulties in accurately simulating them
in furnaces or laboratories, sometimes requiring the construction of specific experiments.
Full-scale natural fire experiments are still rare in Brazil (Corréa et al., 2017; Braga et al., 2021)
and in Latin America, given the considerable risks and high costs of simulations.

Some studies use buildings that have suffered fires, through testimonies and scenario analysis, to
estimate the event (Pignatta and Silva et al, 2007; Silva Filho et a/, 2011; Hahnemann et al, 2018;
Braga, 2022). In these cases, monitoring the fire dynamics is prospective, generally also using
computer simulation.

Results very close to reality can be achieved using simulation software, using 'computational fluid
dynamics' (CFD), as they are more accurate than hand-made engineering calculations, which do
not always translate common and unexpected situations in the process of interaction between the
fire dynamics and the decision-making of the occupants of the damaged property, or explaining the
lack of such decisions. In many situations, this software reproduce fires identically (McGrattran et
al. 2019).

Therefore, studying the survival conditions of victims within burned-down homes is crucial to
mitigate the hundreds of lives lost (Corréa, 2024a) annually in such incidents in Brazil.

The data obtained in this research, coupled with the lack of official data on the article's central
theme, directly linked to the variables involved, draws attention to new discussions and research
related to the production of carbon monoxide (primarily carbon dioxide), low oxygen percentages,
and temperature rises to lethal levels during urban fires, as these are the most harmful and lethal.
The study also presents important data on which positions and proximity to flames and smoke
would have the most harmful consequences for human life. It is noteworthy that the environment
used in the simulation was a bedroom (the room with the highest incidence of initial residential
fires in the Recife Metropolitan Region (RMR)) containing the standard furniture, structure, and
dimensions of a building measured in more than 1,000 fires that occurred in the city of Recife over
a three-year period (Corréa, 2017). The central idea of the article is the search for a minimum,
satisfactory response time for the protection and rescue actions of victims of structural fires.
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149 2 BIBLIOGRAPHIC REVIEW

150

151  This topic discusses, through the recall of technical and scientific works, some of the conceptual
152  foundations that guide the research, necessary for understanding the study and its results.

153

154 2.1 Computational Models and Fires

155  According to Kuligowski et al. (2010), the three basic groups of computational models applied to
156  the study of fire victims vary according to the data input. These include:

157 - Behavioral models: These simulate combinations of decision-making and movement along routes
158  to safety, as well as the presence of fire and smoke, and situations of fainting and death. Examples
159  of'these models include the following software programs: STEPS, BuildingEXODUS, Legion, and
160  MassMotion;

161 - Movement models: These simulate flow and movement speed for a homogeneous population.
162  These can be useful in demonstrating congestion and bottleneck areas in building spaces. Wayout
163  is an example of such software.

164 - Partial behavioral models: These models simulate movement and behaviors predetermined by
165  variables such as pre-evacuation time, individual characteristics, and positional changes among
166  occupants. The following software falls into this category: EXIT89, Simulex, Pathfinder, and
167  GridFlow.

168

169 2.2 Research with Computational Fluid Dynamics in Fires, in Brazil

170  Using software such as FDS, PyronSim, SmartFire, and others, it is possible to reproduce the
171  dynamics of heated gases and smoke movement in compartmentalized environments at reduced
172 costs.

173 In this context and using the roadmap outlined by Tabaczenski et al. (2017), some studies on fire
174  scenario simulations in Brazil stand out, using computer software, specifically FDS, some of which
175  will be presented below.

176  Alves, Campos, and Braga (2008), using FDS and SIMULEX, another computer software for gas
177  fluid dynamics analysis, reproduced a commercial building and analyzed the influence of smoke
178  on the evacuation of people through escape routes, which were designed within SCI standards.
179  They thus demonstrated the importance of using computer applications in the design phase of
180  escape routes, as well as in proposing design solutions and modifications to current standards
181  governing the subject. Braga and Landim (2008) conducted a FDS simulation of a 2007 residential
182  fire in the city of Brasilia as part of a fire investigation, aiming to test hypotheses about possible
183  fire origins. The study concluded that the building's environments may have reached temperatures
184  of 1,000°C, characteristics that coincided with photographic records of the environment, and
185  highlighted the importance of computational tools in fire investigation.

186  Rodrigues (2009) simulated vertical compartmentalization in various facade configurations,
187  applying the current Brazilian standard on the subject, using a reduced model and FDS simulation.
188  The author concluded that external compartmentalization acts as a deterrent to the spread of fire on
189  the facade and that the use of computational simulation provides approximations that are quite
190  consistent with reality, which is a powerful tool in the design and improvement of passive
191  protection.

192 Ruschel (2011) simulated a fire in a shopping mall in Porto Alegre in 2007 using PyroSim and
193  FDS. By collecting samples from the fire and subjecting them to tests, and calibrating the model,
194  the author was able to vary the possible fire scenarios, including the addition of preventive devices
195  such as automatic sprinklers. In this case, the simulation helped to understand the behavior of fire
196  in the environment in different ways.

197
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Fontenelle (2012) studied the spread of fire in industrial tanks, whether or not subjected to wind
and equipped with deluge firefighting systems, in the FDS. Using a computer simulation of a
hypothetical tank farm, the author studied the effects of a fire in one of the tanks, filled with ethanol,
on the other tanks, spaced according to the regulations. The author concluded from her observations
that the parameters established by the regulations do not prevent the spread of fire to neighboring
tanks.

Carvalho (2013) simulated the effects of forced ventilation on a vehicle fire in a tunnel like the
Reboucas Tunnel in Rio de Janeiro. Using FDS, the author evaluated temperature, gas
concentration, and heat flux in the tunnel, concluding that the existence of a forced ventilation
system is beneficial to users in terms of temperature and heat flux and unfavorable in terms of the
presence of smoke.

Brunetto (2015) studied the dynamics of temperature, heat flux, and gas temperature in a higher
education building using PyroSim and FDS computer simulations. This study demonstrated the
influence of free ventilation through the facades on the spread of flames and, consequently, how
this interferes with evacuation via emergency stairs. The simulation may provide a solution for
implementing preventive systems. Mazzoni and Klein (2015) simulated a building fire in the city
of Porto Alegre in a computer environment using Autocad 3D, PyroSim, and FDS, to analyze
possible causes of the loss identified by the experts. With the study, the authors analyzed the results
as consistent with the actual damage caused and found that passive protection prevented the spread
of the flames, confirming data collected by the experts at the site.

Cunha (2016) studied horizontal compartmentalization configurations in a classroom in a building
in the FDS and their impact on improving fire safety. The author observed that larger exhaust
openings would increase the time for smoke to reach the entire space, improving survival times
during evacuations from affected areas.

Carlos et al. (2016) studied smoke control in a building parameterized by European standards and
the evacuation time of this building, using the calculation method proposed by Nelson and
MacLennan (1995), to analyze people's escape conditions due to high temperatures, visibility, and
gases from combustion products. The authors conclude by noting the importance of smoke control
and the lack of information on smoke control design indexes in European standards.

Mariani and Carlos (2017) simulated a two-story restaurant-type building using FDS and Evac, and
the effectiveness of applying parameters established in Brazilian and Portuguese standards
regarding emergency exits. The authors used the Nelson and MacLennan (1995) method to
determine evacuation time and verified the influence of temperature and smoke layer on this
evacuation. The authors concluded that observing only the standard applied to evacuation, such as
emergency exits and the number of passageways, does not prevent the occurrence of possible
deaths.

Matos (2017) analyzed the mass flow rate between connected compartments of a residential
building connected by various opening scenarios using FDS and compared the results with
experimental and analytical values. The author concluded that the results obtained are well
represented by the experimental data collected.

In addition to the work dissected by Tabaczenski and co-authors (2017), there is an important
investigative study in which Cunha, Lugon and Bona (2018) used the FDS to evaluate a fire-
explosion hypothesis in the city of Vila Velha - ES. The authors simulated the leak of Liquefied
Petroleum Gas (Propane and Butane) in the disaster scenario, and through the mean time measured
in the investigation, they verified the compatibility of the gas concentration and the use of the
switch, which were the initial cause of the fateful event (Cunha, Lugon and Bona, 2018).
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247 2.3 Fire Deaths

248  In Brazil, there are no statistics released by official safety agencies on how many people are injured
249  or killed in the country because of fires (Corréa, Duarte, Braga, 2018).

250  Among the available studies, some stand out, such as the one presented in 2015 by the Sprinkler
251  Brazil Institute, based on cross-referencing information from the Unified Health System (SUS) and
252 the National Secretariat of Public Safety (SENASP). This study revealed 1,051 deaths from direct
253 contact with heat and gases, or because of them, during fires that occurred in Brazil between 2009
254  and 2011.

255  Another study published by Corréa (2024b) showed that deaths in Brazil, directly caused by fires
256  or their consequences, revealed an alarming number of more than two thousand seven hundred
257  deaths in a three-year period (2017-2019).

258  According to the same study, distributing the 737,199 fires that occurred between 2017 and 2019,
259  there is a daily mean of 682 fires, distributed among the 26 states of the Federation and the Federal
260  District. Also based on this study, it is also found that in the ten most populous states (Sao Paulo,
261  Minas Gerais, Rio de Janeiro, Parana, Bahia, Rio Grande do Sul, Para, Ceara, Santa Catarina, and
262  Pernambuco), there were 2,165 deaths in fires during the period studied, with a daily mean of 1.97
263  deaths for the period studied (Corréa, 2024b).

264  Regarding the specificities of fires that cause deaths and injuries in Brazil, some regional studies
265  are worth highlighting:

266  Santos (2024), when studying fires with victims in Belo Horizonte, states:

267 A total of 1,371 fire incidents were identified in buildings, of which 62.14% (852)
268 occurred in single-family or multi-family homes. Victims were Killed or injured in 133
269 incidents, totaling 166 victims, 8 of which were fatal. In 53% of the incidents, the victims
270 were male. Regarding age groups, it was observed that adults aged 20 to 60 years old
271 corresponded to 72.89% (121) of the cases, while the older adults over 60 years old
272 represented 24.09% (40) and children up to 10 years old only 0.6% (1). The distribution
273 of records throughout the year showed that the months of April, July and September
274 corresponded to 35.3% (47) of the incidents, while February, August and December were
275 only 15.03% (20). During the week, there was a tendency for the number of fires to
276 increase as the weekend (Saturday and Sunday) approaches, accounting for 40% of all
277 fires. Critical times were identified throughout the day, such as 2:00 AM to 3:00 AM and
278 11:00 PM to 12:00 AM. A certain concentration of fires with victims was also observed
279 between 9:00 PM and 6:00 AM, which accounted for 45.9% (61) of all fires.

280  Carnieletto, Castro, and Aratjo (2019), when studying a decade of fires in Parand, report that
281  between 2005 and 2016, 2,168 occurrences were recorded, specifically in single-ground residential
282  buildings. This raises an important alert regarding the deaths that occurred in this type of incident
283  (fire in residential buildings):

284 When observing the percentages of deaths in buildings, as in figure 4, ground floor
285 residential buildings fluctuate between 75% in 2015 and 100% in 2010, obtaining a mean
286 of approximately 87%, which gives us a high percentage when observing only a separate
287 group of occurrences. (Carnieletto, Castro e Araujo, p.98)

288  Santos (2016), when defending the use of fire detectors in residential buildings, states:

289 Although 7% of fires occur in single-family homes, they cause 80% of deaths. These
290 buildings lack national standards or legislation regulating specific fire protection systems.
291 (Santos, 2016, p.262).

292  These assertions are based on the 2012-14 triennium, focusing on the State of Sdo Paulo (Santos,
293 2016).

294 Menezes and Corréa (2022), when studying fires with victims in the Metropolitan Region of Recife,
295  in the period 2013-16, point out:

296 Accounting for one-third of all fires recorded in the Metropolitan Region of Rio Grande
297 do Norte, residential fires are notable for causing deaths and injuries. A contributing factor
298 is the lack of preventive systems in single-family buildings, which, according to data
299 collected in this study, accounted for 94% of fires resulting in deaths and 88% of those
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resulting in injuries. (Menezes e Corréa, 2022, p.15006).
Deaths and injuries resulting from fires in residential buildings are not a problem exclusive to
Brazil; they are also a serious problem in other parts of the world. Here, we provide some excerpts
to illustrate this assertion.
The study published by Xiong et al. (2022) analyzed the characteristics of urban fires in China
from 1999 to 2019, aiming to establish a statistical pattern that could explain causes, effects, and
damage. The Fire Statistics Yearbook, published by the Fire Department of the Ministry of Public
Security of China, was used as the main source of information.
The statistical data were collected only in the provinces that make up the People's Republic of
China, excluding the large population centers of Hong Kong, Macau, and Taiwan, and only
included incidents that caused personal injury (Xiong et al., 2022).
It should be noted that the Chinese statistical survey listed four analytical indicators to measure fire
severity: 1. Number of fires; 2. Number of deaths due to fire; 3. Number of injuries; and 4. Damage
caused to property; describing a standard frequency for the two decades analyzed (Xiong et al,
2022).
It was also observed that the intensity and severity of fires increased due to the evolution of
construction elements and coatings used. However, the number of deaths and injuries decreased
considerably compared to data from the 20" century, where the data were much higher. Finally,
the Chinese study indicates that a large portion of the victims who lost their lives or suffered injuries
in fires during the period studied were in residential buildings.
Also analyzing the study by Bispo et al. (2023), entitled: "A decade of urban fires: Portuguese
events between 2013 and 2022", with information collected from the Operations Management
System database of the National Emergency and Civil Protection System (SGO), where it is stored
in the Operational Decision Support System (ODSS), in which data is recorded from the call alert
through the national emergency number 112, 72,241 fire occurrences in urban areas were collected
(Bispo et al, 2023).
The Portuguese study presented variables that defined: 1. Number of fires; 2. Region (district) of
origin; 3. Number of adult victims; 4. Number of child victims; and 5. Gender distinction among
them.
This study also found that 73% of fires occurred in residential structures, which explains the
large number of victims affected, thus defining a pattern for occurrences of this nature. Of this
total, the districts with the highest rates were Lisbon and Porto, respectively, with 18% and 16%
of recorded fires (Bispo et al, 2023).
It is noteworthy that these two cases (China and Portugal) were dissected solely to demonstrate
that, even in such distinct settings and cultures, fires in residential buildings, including the
mitigation of casualties, are a phenomenon that must be addressed.

2.4 Harmful Effects on Humans Due to Gas Concentrations and Heat Exposure

As shown in Table 1, the consequences of exposure to different concentrations of gases (O2, CO»,
CO) for humans are observed, highlighting their physiological effects. For the first part of Table 1,
we use the exposure values defined by the Occupational Safety and Health Administration
(OSHA), the American Conference of Governmental and Industrial Hygienists (ACGIH), and the
National Institute for Occupational Safety and Health (NIOSH), which are American organizations
that develop guidelines, recommendations, standards, and, in short, discuss topics related to
chemical substances and occupational health and safety (OSHA, 2002; ACGIH, 1999; NIOSH,
1997).

Regarding thermal effects on the human body, the database of the National Fire Protection
Association (NFPA), an international organization dedicated to fire and safety studies, was used as
a reference (NFPA, 2006). The extract can also be found in Table 1.
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Table 1. Physiological effects of exposure to CO2, O2, CO and temperature.

Parameters/ CO; 0. CO TEMPERATURE
Gases (ppm) (% vol) (ppm) (NFPA, in °C)
400
Headache;
fatigue;
<19,5 dizziness and <60
10.000 Some adverse nausea within
. : 1 to 2 hours. Initial discomfort,
physiological effects . . .
Somnolence Unconsciousn | with warming of the
occur but may not be oy .
noticeable ess within 2 upper airways.
' hours. Fatal
shortly
thereafter.
15to 19
Impaired thinking and 300
attention; increased Svmptoms 60 to 100
15.000 heart and respiratory SYmp First-degree burn,
rate; reduced hSt?d .above edema of the upper
Mild difficulty | coordination; reduced \;Vrﬁﬁﬁezso airways, which may
breathing. work capacity; reduced e cause respiratory
hysical and Fatal within 1 obstruction
pintellectual hour. .
performance.

30.000 12 to 15 1,600 100 to 150
Moderate Reduced judgment; Symptoms Second-degree
difficulty im aireJd rr%otor ’ listed above in burns occur v%ithin
breathing; COOI‘diIIl)aﬁOIl' abnormal > to 10 seconds;

increased heart . ’ . minutes. Fatal .
. fatigue after exertion; . dehydration and
Effects on the | rate; increased ) . in 25 to 30 .
emotional disturbance. . hyperthermia.
jhuman body blood pressure. minutes.
50.000 10 to 12
High Severely impaired

respiratory judgment and 150 to 200

distress; coordination; impaired 3.200 Third-degree burns;
dizziness; breathing, which can i irreversible lung

Fatal in 10 to
mental cause permanent heart . damage; loss of
. - 15 minutes. .
confusion; damage; possibility of consciousness
headache; fainting within within seconds.
feeling short of | minutes; nausea and
breath. vomiting.
80000 <10
Blurred vision; .
. Inability to move; o
sweating; ) . >200°C
almost immediate . .
tremors; . - Almost immediate
. fainting; loss of .o
unconsciousnes . ) fatal conditions.
s. possible consciousness;
’ geath convulsions; death.

Source: Adapted from OSHA, 2002; ACGIH, 1999; NIOSH, 1997 and NFPA, 2006.
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3. METHODOLOGY

The research methodology consists of proposing thermal and toxicity parameters (CO, CO», and
O concentrations) to estimate survival in residential fires or otherwise identify thermal releases
and lethal toxicities in these same environments.

To this end, a full-scale controlled experiment was conducted in a room of a "modal building"
(Corréa et al., 2018) in the Recife Metropolitan Region. Using the computational fluid dynamics
software FDS (Fire Dynamics Simulator); predictions were made regarding the survival time of a
victim located at different points in the room. The factors to be observed over time were thermal
and toxicity values that are lethal to humans.

Table 2. Calculation of the area of the modal residential building — Fires in Recife (2011).

Area in m? | Number | Percentage | Mean Area Percentage Weighted Mean
of Fires of Total in m? Factor in m?
Up to 25 06 8.96% 12.5 0.0896 1.12
26 to 50 20 29.85% 38 0.2985 11.34
51to 75 15 22.39% 68 0.2239 15.23
76 to 100 11 16.42% 88 0.1642 14.45
101 to 150 9 13.43% 125.5 0.1343 16.85
151 to 200 2 2.98% 175.5 0.0298 5.23
201 to 300 1 1.48% 250.5 0.0148 3.73
301 to 400 0 - 350.5 0 0
401 to 500 0 - 450.5 0 0
501 to 650 0 - 575.5 0 0
More tan 650 3 4.48% 650 0.0448 29.12
Totais 67 100% - 1.0000 97.07

Source: Extracted from Corréa et al., 2018.

According to Dornelas and Corréa (2025), the modal building has one floor containing three
bedrooms, one of which is a suite, a living room, a kitchen, and a laundry area, all of which are
made of masonry. To define the standard fire load, a weighting was performed related to the objects
damaged in structural fires between 2011 and 2013, comprising: one wooden table; one wooden
bunk bed; five wooden beds; three wooden cabinets; three wooden/particle board wardrobes; seven
mattresses; one wooden bookshelf; eight wooden chairs; one plastic chair; three televisions; one
DVD player; four fans; one air conditioner; two computers; one washing machine; one stove; one
refrigerator; two LPG cylinders; one microwave; Two beverage crates; five bottles of alcoholic
beverages; and two foam sofas. These objects, properly estimated (mass and composition), provide
an approximate fire load of 21,286.54 kJ (Dornelas and Corréa, 2025).

After drawing the construction, geometric, and calorific potential profile of their constituents, one
of the rooms of the aforementioned modal building was reproduced in full scale, in one of the
rooms of the structural firefighting workshop, the fire house, as shown in Figure 1 below:
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382 Figure 1. Illustrations of the tested environment and thermocouple distribution.
383 Source: Adapted from Corréa et al., 2017.

384

385  The experiment consisted of placing an ignition source below the bunk bed, which caused a fire in
386  the bunk bed and then spreading to neighboring furniture. Initially, the fire spread due to ventilation
387  from the bedroom window. After 18 minutes, the bedroom door, which was initially closed, was
388  opened to extend the flames through cross-ventilation. Thermocouples were distributed throughout
389  the room to measure temperatures at predetermined locations and heights, related to positions of
390 interest to the author, such as the heights of important points on a potential victim, such as the head,
391  airway, chest, and knee.

392  The thermocouple placement strategy was based on the different positions in which victims could
393  be arranged in the chosen scenario, choosing lying down on the three available beds or standing in
394  the center of the bedroom. The height of this specific thermocouple for gas measurements was
395  chosen within the mean height range of Brazilians (1.60 to 1.73 m), considering, however, not the
396 maximum effective height, but rather the position of the upper airway (nose).

397  Tabaczenski (2018) constructed a numerical simulation, with some calibrations, of this experiment,
398  using the Fire Dynamics Simulator software. The author also made available the source code used
399  in her work, which underwent the following modifications for the research presented here,
400  envisioning the achievement of the objectives proposed by this work:

401 e Addition of CO, CO, and O> reading devices immediately above each of the three beds,
402 configuring the approximate positions of people lying on them.

403 e Addition of temperature reading devices immediately above each of the three beds,
404 configuring the approximate positions of people lying on them.

405 e Addition of CO, CO», and O> and temperature reading devices at a height of 1.60 meters,
406 in the center of the room, configuring the mean height of a person standing in the room.

407 It is noteworthy that the research presented here offers an original and relevant contribution.
408  Although the experiment (Corréa et al., 2017) and the computer simulation (Tabaczenski ef al.,
409  2018) are well documented, previous studies have never addressed the issue of human survival in
410  these environments, a phenomenon so typical of fires in Brazil.

411  In this simulation, four scenarios are observed based on data already obtained from full-scale tests
412 and computer parameterization work. These scenarios are: The survival time of a victim in the
413  center of the room (Case 1); The estimated survival time of a victim on the bed (Case 2); The
414  survival time of a victim on the bed where the fire starts (Case 3); and the survival (estimated time)
415  of a victim on the top bunk (Case 4). It is also worth noting that victims with mobility difficulties
416  (small children, the older adult, people with disabilities) and those using alcohol and other drugs
417  account for a significant proportion of deaths in fires (Santos, Corréa and Kriiger, 2024). The
418  representation of the respective positions of the victims (Figure 2):

419
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Figure 2. [llustrative diagram of victims in the fire scenario.

It is estimated that this research represents an important perspective for Fire Investigation, by
endorsing (through data in the literature) and applying the exercise of computer simulation in fires,
with the aim of establishing the survival of people with difficulties or impossibility of locomotion.

4. RESULTS

The computational fluid dynamics simulation environment for fire scenarios was developed using
Fire Dynamics Simulation (FDS), version 6.9.1, available from the National Institute of Standards
and Technology (NIST, 2022). The graphical interface generated was built using Smokeview
(SMV) software, version 6.9.1, from the same developer.

The code based on this research was modified from the code present in S (2018), which simulated
the fire without the presence of victims. In this exhibition, considerations were made regarding
environmental conditions, thermal and combustion properties of materials, combustible gas used,
among others, allowing values closer to the real scale in the use of the SDF. According to the same
author (S4, 2018), a computer modeling of a real fire scenario, called "modal building", as defined
by Corréa et al. (2015). Proposing, then, computational modeling in the FDS, with the objective of
"reproducing in the best possible way the experimental trial carried out by Corréa et al. (2017)"
(S4, 2018). The validation in this sense was, therefore, effective.

The original source code for generating the scenario under consideration was obtained through
research conducted by S4 (2018). Due to differences in existing versions of the FDS software, code
compatibility was necessary, making it appropriate for current use.

To execute the scenarios previously defined in this work, devices for reading O, CO2, CO, and
temperature data at specific points were also added, which will be discussed below.

Finally, the new source code for FDS is available in Appendix 2, and the main simulation frames
are available in Appendix 1.
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448 4.1 The graphical simulation environment

449  The simulation environment generated by the SMV is shown in Figures 3 and 4, as described in
450  the methodology section.

451 It should be noted that, to simplify the computational model, the bunk bed was considered a
452  superimposed structure (the upper bunk immediately above the lower bunk), observing the
453  compatible fire load.

454
(top left view) (direct top view)
455 Figures 3 and 4. Scenario used for fire simulation
456 Source: Research Data, 2025.
457

458 4.2 Case 01 — Victim in the center of the room at 1.60 meters

459  For a victim located in the center of the room in question, considering the height of the airway from
460  the floor (1.60 m), gas concentration and temperature were obtained through the reading devices,
461  and the exposure time was measured, as shown in Table 3 below.

462  In the first minute of the simulation (Table 3), the victim in this room will already notice the heat,
463  which will cause the first thermal effects on their skin, with first-degree burns, as well as the first
464  difficulties in breathing. The concentrations of carbon dioxide (CO3), carbon monoxide (CO), and
465  oxygen (O7) will be increasing, but will still be below the main physiological effects considered in
466  Table 1.

467 It is important to highlight that the data for the three gases measured in the FDS simulation were
468  compatible (similar), particularly at 1.60 m (victim in the center of the bedroom), with those
469  experimentally verified by Braga ef al. (2021). In the aforementioned experiment, using domestic
470  furniture and an equally ventilated environment (with the door slightly open) and similar
471  dimensions, the gases collected and later analyzed in the laboratory show quantities that bear
472  similarities to the computer simulation.

473 A victim in this situation is expected to, out of his own survival instinct, duck and seek the nearest
474  exit, especially if they are accustomed to the residence. Property or people to protect can modify
475  this behavior, as can attempts to extinguish the fire in its initial phase, increasing the time spent in
476  the fire.

477  Other factors to consider are the victim's ability to move or difficulties with locking the access
478  door. In this case, if the victim remains standing for longer, breathing difficulties will be observed,
479  which can lead to mental confusion and dizziness, for example. This scenario will occur within 3
480  minutes, remaining similar until 5 minutes, with physiological deterioration occurring after almost
481 9 minutes (Table 3). A behavioral hypothesis for this victim, therefore, would be the conscious
482  search for more ventilated areas of the environment, or even the possibility of fainting, followed
483 by a fall between levels, as indicated in Table 3, due to the decrease in available oxygen.

484
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Table 3. Victim in the center of the room at 1.60 meters.

Parameters/ [CO,] [CO] [02] Temperature
Gases (ppm) (ppm) % vol °C
T51mu1a110n1m1n 5.898 21 19,6 72,5
First-degree burn,
edema of the upper
Effects - - - airways, Wh}ch may
cause respiratory
obstruction.
Tsimulation 3min 53.889 203 13,7 212,7
High
respiratory
distress; Reduced judgment;
dizziness; 1n.1pa1.red motor Almost immediate
mental - coordination; abnormal ..
Effects . . . fatal conditions.
confusion; fatigue after exertion;
headache; emotional disturbance.
feeling short of
breath.
Tsimulation SMIiN 64.381 243 12,4 241,7
High
respiratory
distress; Reduced judgment;
dizziness; 1n_1pal_red motor Almost immediate
mental - coordination; abnormal ..
Effects . . . fatal conditions.
confusion; fatigue after exertion;
headache; emotional disturbance.
feeling short of
breath.
End of
simulation (523 71.431 269 11,5 266,9
or 8min45s)
ngh Severely impaired
respiratory .
; ) judgment and
distress; S
dizziness: Coordlqatlon, 1mpa1red ' .
mental ’ i breathing, which can Almost immediate
Effects . cause permanent heart fatal conditions.
confusion; ol
) damage; possibility of
headache; . N
. fainting within minutes;
feeling short of o
nausea and vomiting.
breath.

Source: Research results, 2025.

It is evident that, around the 9™ minute, at a height of approximately 30 cm from the ground,
temperatures above 150°C were observed, which will continue to worsen the burns to third-degree,
favoring, among other effects, loss of consciousness and immobility (Table 1).

4.3 Case 02 — Victim lying on a single bed

For a victim located on a single bed, isolated, and further from the initial source, there will not be
such severe physiological effects in the first minute (see Table 4). People with reduced sensitivity,
who are asleep, may not even notice the incident until then.
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Table 4. Victim lying on single bed.

Parameters/ [CO,] [CO] [02] Temperature
Gases (ppm) (ppm) % vol °C
Tsimulation 1 Min 1.974 6 20,1 42,0
Initial discomfort, with
Effects - - - warming of the upper
airways.
Tsimula[ion 3 min 30.596 1 15 16.5 124.8
Moderate Impam.ed th.1nk1ng and
. attention; increased
difficulty .
. heart and respiratory
breathing; ) Second-degree burns
. rate; reduced s
increased i coordination: reduced | ©SCUr within seconds;
Effects heart rate; - dehydration and
. work capacity; .
increased . hyperthermia.
reduced physical and
blood .
intellectual
pressure.
performance.
Tsimulation 5 Min 36.413 137 15,8 130,5
Moderate Impalr§d th-1nk1ng and
. attention; increased
difficulty .
e heart and respiratory
breathing; Second-degree burns
. rate; reduced o
increased i coordination: reduced occur within seconds;
Effects heart rate; T dehydration and
. work capacity; .
increased . hyperthermia.
reduced physical and
blood .
intellectual
pressure.
performance.
End of simulation
(525s or 8min 48.108 181 14,4 181,6
45s)
Moderate
dlfﬁcglty R§duc§d judgment; Third-degree burns:
breathing; impaired motor . >
. L irreversible lung
increased coordination;
Effects - . damage; loss of
heart rate; abnormal fatigue after . o
: : . consciousness within
increased exertion; emotional seconds
blood disturbance. '
pressure.

Source: Research results, 2025.

Still in Table 4, we can see the increase in carbon dioxide and carbon monoxide concentrations,
with a reduction in available oxygen, as expected from combustion, contributing to the victim's
greater discomfort. After 5 minutes, the victim will be vulnerable to second-degree burns.
Considering a healthy adult in this position, behavior like that in Case 1 is expected at the same
time, when the victim realizes he is engulfed in a fire and will seek an exit by crouching down,
away from higher temperatures. However, it is important to emphasize that a sleeping victim, even
a healthy one, may naturally have difficulty initially discerning what is happening and how they
should act to survive. This may be due to the reduced oxygen levels while he is still asleep, which
will reduce his attention and judgment (Table 4); or other factors, such as the presence of smoke,
which will reduce visibility of the environment; the distance from the access door; among others.
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If the victim remains on the bed, which may happen according to the aforementioned reasons, or
even because he has some restriction that prevents him from leaving the room, at 8 minutes and 45
seconds his consciousness will be compromised, leaving him vulnerable to 3™ degree burns. (Table

4).

If nothing is done, this victim will die more quickly than in the first case (unconscious victim, in
approximately 9 minutes), with death occurring within the first few minutes. The thermal effects
and those related to gas concentration are more severe than those seen in victims close to the floor.

4.4

Case 03 — Victim lying on the bunk bed (lower bed)

The victim in case 3 is the closest to the initial source of the fire. Considering this, he or she will
suffer the most intense damage from the fire in the first few seconds, as shown in Table 5 below.

Table 5. Victim lying on the bunk bed (lower bed).

Parameters/ [CO2] [CO] [02] Temperature
Gases (ppm) (ppm) % vol °C
Tsimulation 1min 21.959 82 17,5 272,2
- Impaired thinking and
Effects Mild difficulty attention; increased heart and Almost
breathing. respiratory rate; reduced immediate
coordination; reduced work fatal
capacity; reduced physical and | conditions.
intellectual performance.
Tsimulation 3 min 44.045 166 14,7 299,1
Moderate - Reduced judgment; impaired
Effects difficulty motor coordination; abnormal Almost
breathing; fatigue after exertion; immediate
increased heart emotional disturbance. fatal
rate; increased conditions.
blood pressure.
Tsimulation 5 Min 55.637 209 13,2 365.,5
High respiratory - Reduced judgment; impaired
Effects distress; dizziness; motor coordination; abnormal Almost
mental confusion,; fatigue after exertion,; immediate
headache; feeling emotional disturbance. fatal
short of breath. conditions.
End of
simulation 78.696 297 10,3 639,1
(525s or 8min
45s)
High respiratory - Severely impaired judgment
Effects distress; dizziness; and coordination; impaired Almost
mental confusion,; breathing, which can cause immediate
headache; feeling permanent heart damage; fatal
short of breath. possibility of fainting within conditions.
minutes; nausea and vomiting.

Source: Research results, 2025.
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The thermal effect will likely be the first factor alerting the victim to the presence of flames, as
temperatures conducive to third-degree and fatal burns are quickly reached. Respiratory distress is
already observed at this point and rapidly worsens within 5 minutes (Table 5).

A healthy adult may, as a possible hypothesis, follow the same procedure observed in the previous
cases: seeking to escape quickly, as this condition will be reached within the first 3 minutes.

On the other hand, the severity observed in Table 5 leads to the possibility of greater human damage
in a short period of time. The victim in Case 2, for example, will have more time to assess his
actions. The victim in this case, while expecting a faster alert, will have to act more objectively,
practically, and precisely—that is, within a few seconds of the onset—since temperatures that cause
deeper burns are reached within the first minute (see Table 5).

A victim in this position, nearly 9 minutes into the fire, is not expected to survive, as
unconsciousness and fatal temperatures are immediately reached (Table 5). This may occur in cases
involving victims with reduced mobility and consciousness.

4.5 Case 04 — Victim lying on the top bunk (upper bunk)

The victim in the top bunk will initially experience a combined effect of reduced oxygen and
increased temperature (Table 6). Of the four cases, this victim comes closest to experiencing
consequences related to respiratory damage, occurring primarily at the expense of thermal damage.
This is because at 3 minutes, the smallest oxygen reduction observed, which would allow
unconsciousness while sleeping (Table 6). At this point, it is worth remembering that the simulation
environment (upper bunk) was designed immediately above the lower bunk. Under real conditions,
the structure of the upper bunk would favor blocking thermal radiation from below, resulting in the
formation of a smoke layer just above the ceiling, which would be increasingly approaching the
victim. This real-life scenario would favor a reduced perception of the flame temperature,
contributing to the victim's engulfment in the smoke cloud.

Table 6 shows that thermal damage is insignificant compared to respiratory damage.

In Table 6, the simulation ends for Case 4, which has the lowest oxygen reduction of all cases, with
the highest concentrations of carbon dioxide and carbon monoxide. The temperature is also
elevated, with aggressive physiological effects, but with a slight reduction compared to those in
Case 3. In this situation, among the cases, the worsening of the condition of a victim who did not
awake due to respiratory intoxication can be expected, remaining amid the fire's development, and
dying within a few minutes.

Table 6. Victim lying on the bunk bed (upper bed).

Parameters/ [CO:] [CO] [O2] Temperature
Gases (ppm) (ppm) % vol °C
Tsimulation 1 mMin 7.873 28 19,3 99.7
- - Impaired thinking and | First-degree burn.
Effects attention; increased Edema of the
heart and respiratory upper airways,
rate; reduced which may cause
coordination; reduced respiratory
work capacity; reduced obstruction.
physical and intellectual
performance.
Tsimulation 3 min 55.198 208 13,5 208,5
High - Reduced judgment;
Effects respiratory impaired motor Almost immediate
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distress; coordination; abnormal fatal conditions.
dizziness; fatigue after exertion;
mental emotional disturbance.
confusion;
headache;
feeling short of
breath.
Tsimulation 5 min 70.838 267 11,6 238,1
High - Severely impaired
Effects respiratory judgment and Almost immediate
distress; coordination; impaired fatal conditions.
dizziness; breathing, which can
mental cause permanent heart
confusion; damage; possibility of
headache; fainting within minutes;
feeling short of nausea and vomiting.
breath.
End of 82.042 310 10,1 273.9
simulation
(525s or 8min
45s)
Effects Blurred vision; - Severely impaired
sweating; judgment and Almost immediate
tremors; coordination; impaired fatal conditions.
unconsciousnes breathing, which can
s, possible cause permanent heart
death. damage; possibility of
fainting within minutes;
nausea and vomiting.

Source: Research results, 2025.

The simulation results of this article and those of Sa (2018) were the same in terms of temperature
profiles, overall. Like the scenario used, however, the substantial difference lies in the points of
interest for temperature and gas concentration, considering victims in different positions within the
room. This enables a discussion, not yet proposed, about the survival of people in a room (a
bedroom of a residence) severely affected by fires in the RMR, in Brazil, and worldwide.

4 CONCLUSIONS

The article analyzed a computer simulation of a residential building fire, typical of the city of Recife
and the one that produces the highest number of deaths and injuries, not only in that city but also
in a number of locations in Brazil and worldwide, as seen in several studies used in the framework.
Four positions were adopted for potential victims with difficulty or inability to move, as follows:
- Victim in the Center of the Room — At 180 seconds (3 min), the combination of temperatures
reaching 212°C and a carbon dioxide level of 53,899 ppm would be incompatible with life after a
few seconds.

- Victim in the Single Bed — At 525 seconds, even though he were on the opposite side of the fire,
the temperature reached 181.6°C, with carbon dioxide and carbon monoxide levels exceeding
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579 48,000 and 181 ppm, respectively, and Oxygen corresponding to 14.4%, a condition unlikely to
580  sustain human life.

581 - Victim in the lower bunk bed — being the site where the flames began, within 60 seconds it was
582  already burning at 272.2°C, within 180 seconds the temperature reached 299°C. Combined with
583  carbon dioxide levels of 44,045 ppm, it is possible to propose the non-survivability of humans.
584 - Victim in the upper bunk bed — Oxygen levels of 13.5% would still be bearable, however, 44,045
585  ppm of carbon dioxide and temperatures above 208°C would make the location lethal 180 seconds
586  after the flames began. It is estimated that the program's limitations (measurement of other gases
587  and heat flux received) and the need to simulate other configurations (fire load, geometry, room,
588 etc.) of fires in residential buildings provide room for improvement and further study.

589  Given that the literature review revealed the significance of residential fires among all fire
590  occurrences and that they account for most fire-related deaths, the relevance of this study is
591  highlighted, as it addresses a rarely discussed topic: the survival of people inside burning residential
592  buildings. The results raise an important warning, as they indicate a short survival time. Based on
593  the data collected, people with mobility limitations (older people, people with disabilities, children,
594  infants, etc.) or disorientation (hypoxia, exogenous intoxication, opacity in the environment, etc.)
595  would have two lives lost in less than 9 minutes, a time incompatible (in most cases) with
596 identifying the fire, activating the fire service, its displacement, and effective rescue and
597  firefighting actions. It should also be considered that single-family homes (in Brazil) do not have
598 any fire alarm, prevention, or protection systems.

599  The study also highlights the relevance of analyzing fire data correlating variables such as low
600  oxygen levels, high carbon monoxide levels, and high temperatures as preponderant factors in all
601  phases of the fire for injuries and deaths, comparing different positions of the victims, something
602 little studied in Brazil and Latin America. The result of the study seeks to discuss awareness of the
603  need for fire safety in residential structures, which are not currently covered by current legislation,
604  but which are, for the most part, where structural fires demonstrated in available Brazilian statistical
605  data start. Therefore, the study tacitly proposes that Brazilian legislation adapt the risk level of
606 these structures to building and fire safety codes, encouraging debate on the possibility of installing
607  smoke detectors and/or alarms, as well as exhaust fans, in the rooms of single-family homes, among
608  other tangible measures, seeking to mitigate such deaths. These measures will be the foundation
609  for further studies that prove (or not) the reduction in deaths in these environments. It should be
610  noted that the 'calibration' from the point of view of fire development, temperature profiles and
611  other variables were recorded in a full-scale experiment (Corréa et. al, 2017) and later in a
612  simulation in FDS, presenting results that are compatible with each other (S4, 2018) and
613  consequently crediting the data presented here.

614
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ANNEXES

APPENDIX 1 - COMPUTER SIMULATION IMAGES

Time =0,0 s

Time = 30,0 s

Time = 1 min

Time =2 min
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APPENDIX 02 - SOURCE CODE OF THE COMPUTER SIMULATION

&HEAD CHID = "artigo’, TITLE = 'Artigo'/

DEFINIGAO DA MALHA (10 cm):

&MESH 1JK=100,75,40, XB=-1.5,8.5,-3.0,4.5,-0.1,3.9/

DEFINIGAO DO TEMPO DE SIMULAGAO (EM SEGUNDOS):

&TIME T_END=3000.0 /
&DUMP DT_RESTART=10.0 / cria arquivos de restart a cada 10 s de

simulagéo

PARAMETROS INICIAIS DO AMBIENTE:
TEMPERATURA AMBIENTE = 29.5°C
PRESSAO ATMOSFERICA = 101325 Pa
HUMIDADE DO AR = 80%

VENTO DE 3 m por s A 45°

U 0 = 3*cos(45) = 2.12

V 0 = 3*sen(45) = 2.12

&MISC TMPA=29.5,
P_INF=101325.0,
HUMIDITY=80.0,
/
&WIND U0=2.12,
V0=2.12
/
>>> caso seja necessario, para iniciar um restart deve-se ativar

este comando na namelistmisc<<<

ABRINDO A MALHA PARA O EXTERIOR (INTERAGAO COM O AMBIENTE):
&VENT MB="XMIN', SURF_ID="OPEN'"/
&VENT MB="XMAX', SURF_ID="OPEN'"/
&VENT MB="YMIN', SURF_ID="OPEN'/
&VENT MB="YMAX', SURF_ID="OPEN'/

&VENT MB="ZMAX', SURF_ID="OPEN'/

How long to life? The survival of people in fire of a

residential bedroom using Fire Dynamics Simulator — FDS.

REAGCAO GASOSA DO INCENDIO:

Em uma simulagéo de incéndio no FDS, ha apenas um combustivel

gasoso que atua como um substituto para todas as fontes de

combustivel em potencial.

&SPEC ID='madeira’, FORMULA="CH1.700.74N0.002' /

&REAC ID="MADEIRA'
FUEL='madeira’
HEAT_OF_COMBUSTION=17500.0
SOOT_YIELD=0.015

CO_YIELD=0.004/

MATERIAIS NAO COMBUSTIVEIS:

Propriedades obtidas de ABNT NBR 15220 (2003)

TIJOLO CERAMICO:

DENSIDADE = 1400 kg por m?
CONDUTIVIDADE TERMICA = 0.9 W por m.K
CALOR ESPECIFICO = 0.92 kJ por (kg.K)

EMISSIVIDADE = 0.9

&MATL ID="TIJOLO'
DENSITY=1400.0
CONDUCTIVITY=0.9
SPECIFIC_HEAT=0.92
EMISSIVITY=0.9 /

ARGAMASSA DE GESSO:

DENSIDADE = 1200 kg por m?

CONDUTIVIDADE TERMICA = 0.7 W por m.K

CALOR ESPECIFICO = 0.84 kJ por (kg.K)

EMISSIVIDADE = 0.9

&MATL ID="A_GESSO'
DENSITY=1200.0
CONDUCTIVITY=0.7
SPECIFIC_HEAT=0.84

EMISSIVITY=0.9 /
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N
1

REACAO GASOSA DO INCENDIO: ARGAMASSA DE CIMENTO:

R —— DENSIDADE = 2000 kg por m*

Em uma simulagéo de incéndio no FDS, ha apenas um combustivel CONDUTIVIDADE TERMICA = 1.15 W por m.K
gasoso que atua como um substituto para todas as fontes de CALOR ESPECIFICO = 1.0 kJ por (kg.K)
combustivel em potencial. EMISSIVIDADE = 0.9

&SPEC ID='madeira’, FORMULA="CH1.700.74N0.002" / &MATL ID='"A_CIMENTO'

DENSITY=2000.0

&REAC ID='"MADEIRA' CONDUCTIVITY=1.15
FUEL='madeira’ SPECIFIC_HEAT=1.0
HEAT_OF_COMBUSTION=17500.0 EMISSIVITY=0.9/

SOOT_YIELD=0.015 ————

CO_YIELD=0.004 / CONCRETO:

DENSIDADE = 2300 kg por m*
CONDUTIVIDADE TERMICA = 1.75 W porm.K
MATERIAIS NAO COMBUSTIVEIS: CALOR ESPECIFICO = 1.0 kJ por (kg.K)
EMISSIVIDADE = 0.9

Propriedades obtidas de ABNT NBR 15220 (2003)

&MATL ID='"CONCRETO'

[E— DENSITY=2300.0

TIJOLO CERAMICO: CONDUCTIVITY=1.75
DENSIDADE = 1400 kg por m* SPECIFIC_HEAT=1.0
CONDUTIVIDADE TERMICA = 0.9 W por m.K EMISSIVITY=0.9/

CALOR ESPECIFICO = 0.92 kJ por (kg.K) ——

EMISSIVIDADE = 0.9 &SURF ID='PISO', COLOR='GRAY', MATL_ID="CONCRETO', THICKNESS=0.1,
BACKING='"EXPOSED'/

&MATL ID="TIJOLO'
DENSITY=1400.0
&SURF ID="TETO'
CONDUCTIVITY=0.9
COLOR='GRAY"
SPECIFIC_HEAT=0.92
MATL_ID="TIJOLO' /CONCRETO'
EMISSIVITY=0.9 /
THICKNESS=0.07,0.03
BACKING="EXPOSED' /
ARGAMASSA DE GESSO:
DENSIDADE = 1200 kg por m*
&SURF ID="PAREDE_CIMENTO'
CONDUTIVIDADE TERMICA = 0.7 W por m.K
COLOR='SILVER'
CALOR ESPECIFICO = 0.84 kJ por (kg.K)
MATL_ID='A_CIMENTO', TIJOLO','A_CIMENTO'
EMISSIVIDADE = 0.9
THICKNESS = 0.025,0.1,0.025

BACKING="EXPOSED' /
&MATL ID='"A_GESSO'
DENSITY=1200.0
&SURF ID="PAREDE_CHAPISCADA'
CONDUCTIVITY=0.7
COLOR='SILVER'
SPECIFIC_HEAT=0.84
MATL_ID="A_CIMENTO','TIJOLO''A_CIMENTO'
EMISSIVITY=0.9/
THICKNESS = 0.01,0.1,0.025

BACKING='"EXPOSED' /

AN AN AN AN AN AN AN AN AN AR AN AN AN AN AN AN AN AN AN AR AR AR AN AN AR AR AR AN AR AR AR AR AN AN AR AN AR AN ISR A7)
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&SURF ID="PAREDE_GESSO'
COLOR='SILVER'
MATL_ID="A_GESSO','TIJOLO';A_CIMENTO'
THICKNESS = 0.025,0.1,0.025

BACKING="EXPOSED' /

MATERIAIS COMBUSTIVEIS:

MADEIRA:

DENSIDADE = 400 kg/m®

EMISSIVIDADE = 0.9

CONDUTIVIDADE TERMICA = 0.12 W/m.K
CALOR ESPECIFICO = 1.34 kJ/(kg.K)
CALOR DE COMBUSTAO = 17500 kJ/kg

TEMPERATURA DE IGNIGAO =210 °C

TAXA DE LIBERAGAO DE CALOR = 100 kW/m?

&MATL ID="MADEIRA'
SPECIFIC_HEAT=1.34
CONDUCTIVITY=0.12
EMISSIVITY=0.9
DENSITY=400.0
HEAT_OF_COMBUSTION=17500.0 /

&SURF ID="MAD'
COLOR="BROWN'
BURN_AWAY=.TRUE.
BACKING='"EXPOSED'
MATL_ID='"MADEIRA'
THICKNESS=0.1
IGNITION_TEMPERATURE=210

HRRPUA=100 /

GEOMETRIA DO COMPARTIMENTO:

PISO:

&0BST XB=-0.1,7.1,-1.7,3.1,-0.1,0.0, SURF_ID="PISQO" /

How long to life? The survival of people in fire of a
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TETO:

&OBST XB=-0.1,1.8,-1.7,-0.1,2.4,2.5, SURF_ID="TETO' /

&OBST XB=1.8,3.9,-1.7,-1.6,2.4,2.5, SURF_ID="TETO' /

&OBST XB=3.9,7.1,-1.7,-0.1,2.4,2.5, SURF_ID="TETO' /

&OBST XB=-0.1,7.1,-0.1,3.1,2.4,2.5, SURF_ID="TETO' /

PAREDE P7:

&OBST XB=-0.1,0.0,-1.7,-0.1,0.0,2.4, SURF_ID="PAREDE_CIMENTO" /
PAREDE P1 (considerado a abertura da janela JO1):

&OBST XB=-0.1,0.0,-0.1,1.0,0.0,2.4, SURF_ID="PAREDE_CHAPISCADA'" /
&OBST XB=-0.1,0.0,1.0,2.0,0.0,1.2, SURF_ID="PAREDE_CHAPISCADA' /
&OBST XB=-0.1,0.0,1.0,2.0,2.0,2.4, SURF_ID="PAREDE_CHAPISCADA' /
&0OBST XB=-0.1,0.0,2.0,3.1,0.0,2.4, SURF_ID="PAREDE_CHAPISCADA' /
PAREDE P3 (considerando a abertura da porta P01):

&0OBST XB=3.9,4.0,-0.1,2.1,0.0,2.4, SURF_ID="PAREDE_CIMENTO' /
&0OBST XB=3.9,4.0,2.1,2.9,2.0,2.4, SURF_ID="PAREDE_CIMENTO' /

&OBST XB=3.9,4.0,2.9,3.1,0.0,2.4, SURF_ID="PAREDE_CIMENTO"/

Considerando que a porta foi abertura em 1080 segundos:

&OBST XB=3.9,4.0,2.1,2.9,0.0,2.0, SURF_ID="PAREDE_CIMENTO",
COLOR='BLACK', DEVC_|D="tempo01'/

&DEVC XYZ=3.9,2.5,1.0, ID ='tempo01', SETPOINT= 1080.0,
QUANTITY='TIME!, INITIAL_STATE=.true. /

PAREDE P6 (considerando a abertura da porta P02):

&OBST XB=7.0,7.1,-1.7,2.0,0.0,2.4, SURF_ID="PAREDE_CIMENTO' /
&OBST XB=7.0,7.1,2.0,2.9,2.0,2.4, SURF_ID='"PAREDE_CIMENTO' /
&OBST XB=7.0,7.1,2.9,3.1,0.0,2.4, SURF_ID='"PAREDE_CIMENTO" /
PAREDE P2:

&OBST XB=0.0,3.9,3.0,3.1,0.0,2.4, SURF_ID="PAREDE_GESSO',
COLOR='SILVER', TRANSPARENCY=0.5 /

PAREDE P5 (considerado a abertura da janela J02):

&OBST XB=4.0,5.0,3.0,3.1,0.0,2.4, SURF_ID="PAREDE_CIMENTO",
COLOR='SILVER', TRANSPARENCY=0.5 /

&OBST XB=5.0,6.0,3.0,3.1,0.0,1.1, SURF_ID="PAREDE_CIMENTO",
COLOR='SILVER', TRANSPARENCY=0.5 /

&OBST XB=5.0,6.0,3.0,3.1,1.9,2.4, SURF_ID="PAREDE_CIMENTO",
COLOR='SILVER', TRANSPARENCY=0.5 /

&0OBST XB=6.0,7.0,3.0,3.1,0.0,2.4, SURF_ID="PAREDE_CIMENTO",
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COLOR='SILVER', TRANSPARENCY=0.5 /

PAREDE P4:

&0OBST XB=0.0,3.9,-0.1,0.0,0.0,2.4, SURF_ID="PAREDE_CHAPISCADA' /
PAREDE P8 (considerando a abertura da porta P03):

&0OBST XB=0.0,5.0,-1.7,-1.6,0.0,2.4, SURF_ID="PAREDE_CIMENTO' /
&OBST XB=5.0,5.9,-1.7,-1.6,2.0,2.4, SURF_ID="PAREDE_CIMENTO' /
&OBST XB=5.9,7.0,-1.7,-1.6,0.0,2.4, SURF_ID="PAREDE_CIMENTO' /
ESCADA:

&MULT ID="escada', DXB=-0.2,-0.2,0.0,0.0,0.2,0.2, N_LOWER=0,
N_UPPER=11/

&OBST XB=3.8,4.0,-1.6,-0.1,0.0,0.2, MULT_ID="escada’,

SURF_ID='PISO'/

CARGA DE INCENDIO:

CAMA + COLCHAO:
&MULT ID="C1', DY=0.7, DX0=0.0, DY0=0.0, DZ0=0.0, J_LOWER=0,
J_UPPER=1/

&0OBST XB=0.0,2.0,0.0,0.1,0.0,0.1, MULT_ID="C1", SURF_ID='MAD' /

&MULT ID='C2', DX=0.2, DX0=0.0, DY0=0.0, DZ0=0.1, |_LOWER=0,
|_UPPER=9/

&0OBST XB=0.0,0.1,0.0,0.8,0.0,0.1, MULT_ID="C2', SURF_ID='MAD' /
BELICHE + COLCHAO:

&MULT ID="B1", DY=0.7, DX0=0.0, DY0=2.2, DZ0=0.0, J_LOWER=0,
J_UPPER=1/

&0OBST XB=0.0,2.0,0.0,0.1,0.0,0.1, MULT_ID="B1', SURF_ID="MAD" /

&MULT ID='B2', DX=0.2, DX0=0.0, DY0=2.2, DZ0=0.1, |_LOWER=0,
|_UPPER=9/

&0OBST XB=0.0,0.1,0.0,0.8,0.0,0.1, MULT_ID='B2', SURF_ID="MAD" /

&MULT ID='B3', DY=0.7, DX0=0.0, DY0=2.2, DZ0=0.2, J_LOWER=0,

J_UPPER=1/

&0OBST XB=0.0,2.0,0.0,0.1,0.0,0.1, MULT_ID="B3', SURF_ID="MAD' /

&MULT ID="B4', DX=0.2, DX0=0.5, DY0=2.2, DZ0=0.3, |_LOWER=0,
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&0OBST XB=0.0,0.1,0.0,0.8,0.0,0.1, MULT_ID="B4', SURF_ID="MAD' /
CRIADO MUDO 1 + VENTILADOR:

&MULT ID="CM1', DY=0.4, DX0=0.0, DY0=0.9, DZ0=0.0, J_LOWER=0,
J_UPPER=1/

&OBST XB=0.0,0.5,0.0,0.1,0.0,0.4, MULT_ID="CM1', SURF_ID="MAD' /
&0OBST XB=0.0,0.5,0.9,1.4,0.4,0.5, SURF_ID='"MAD' /

CRIADO MUDO 2 + VENTILADOR:

&MULT ID='"CM2', DY=0.4, DX0=0.0, DY0=1.6, DZ0=0.0, J_LOWER=0,
J_UPPER=1/

&0OBST XB=0.0,0.5,0.0,0.1,0.0,0.4, MULT_ID="CM2', SURF_ID="MAD' /
&0OBST XB=0.0,0.5,1.6,2.1,0.4,0.5, SURF_ID="MAD' /

CRIADO MUDO 3 + TELEVISOR:

&MULT ID="CM3', DX=0.4, DX0=2.2, DY0=0.6, DZ0=0.0, |_LOWER=0,
|_UPPER=1/

&OBST XB=0.0,0.1,0.0,0.5,0.0,0.4, MULT_ID="CM3', SURF_ID="MAD' /

&0OBST XB=2.2,2.7,0.6,1.1,0.4,0.5, SURF_ID='"MAD' /

GUARDA-ROUPAS + ROUPAS + PAPEIS:
&MULT ID='"GR1', DY=0.2, DX0=3.5, DY0=0.1, DZ0=0.0, J_LOWER=0,
J_UPPER=5/

&0OBST XB=0.0,0.1,0.0,0.1,0.0,2.1, MULT_ID="GR1', SURF_ID="MAD' /

&MULT ID='"GR2', DZ=0.3, DX0=3.6, DY0=0.0, DZ0=0.2, K_LOWER=0,
K_UPPER=6 /

&0OBST XB=0.0,0.1,0.0,1.3,0.0,0.1, MULT_ID="GR2', SURF_ID='"MAD' /

&MULT ID='"GR3', DY=0.2, DX0=3.7, DY0=0.1, DZ0=0.0, J_LOWER=0,
J_UPPER=5/

&0OBST XB=0.0,0.1,0.0,0.1,0.0,2.1, MULT_ID="GR3', SURF_ID='"MAD' /

QUEIMADOR PARA IGNIGAO DO INCENDIO:
&SURF ID="QUEIMADOR'
COLOR='RED'
HRRPUA=3000.0
RAMP_Q = ‘fire_ramp'/
&RAMP ID="fire_ramp', T=0.0, F=0.0 /
&RAMP ID="fire_ramp', T=30.0, F=1.0/
&RAMP ID="fire_ramp', T=120.0, F=1.0/

&RAMP ID="fire_ramp', T=150.0, F=0.0 /
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&VENT XB=1.1,1.2,2.3,2.4,0.0,0.0, SURF_ID="QUEIMADOR' /
&DEVC XYZ=0.5,2.9,2.1, QUANTITY="TEMPERATURE', ID="11G'/ no gas,

do lado de dentro do dormitério

NeYelela e oNe]
NeXarririreles
— OO0~

992 MEDIDORES:
993 &DEVC XYZ=0.5,3.1,2.1, QUANTITY="WALL TEMPERATURE', IOR=2, ID="12"
994 / na face, do lado de fora do dormitério
995 TERMOPARES:
&DEVC XYZ=0.5,3.2,2.1, QUANTITY="TEMPERATURE', ID="12G' / no gas,
996 do lado de fora do dormitério
997 NO CENTRO DO COMPARTIMENTO:
998 &DEVC XYZ=1.9,1.5,0.3, QUANTITY="TEMPERATURE', ID="H30' /
PAREDE P1:
999 &DEVC XYZ=1.9,1.5,0.6, QUANTITY="TEMPERATURE', ID="H60' /
&DEVC XYZ=0.0,2.5,2.1, QUANTITY="WALL TEMPERATURE', IOR=1, ID="13'
&DEVC XYZ=1.9,1.5,0.9, QUANTITY="TEMPERATURE', ID="H90' /
1 000 / na face, do lado de dentro do dormitério
1001 &DEVC XYZ=1.9,1.5,1.2, QUANTITY="TEMPERATURE', ID="H120'/
&DEVC XYZ=1.9,1.5,1.5, QUANTITY="TEMPERATURE', ID="H150" /
1002 &DEVC XYZ=0.1,2.5,2.1, QUANTITY="TEMPERATURE', ID="13G' / no gas,
&DEVC XYZ=1.9,1.5,1.8, QUANTITY="TEMPERATURE', ID="H180' /
1 003 do lado de dentro do dormitdrio
&DEVC XYZ=1.9,1.5,2.1, QUANTITY="TEMPERATURE', ID="H210'/
1004 &DEVC XYZ=1.9,1.5,2.3, QUANTITY="TEMPERATURE', ID="H230' /
1005 &DEVC XYZ=-0.1,2.5,2.1, QUANTITY="WALL TEMPERATURE', IOR=-1,
ID="14"/ na face, do lado de fora do dormitério
1006 &DEVC XYZ=1.9,1.5,1.6, QUANTITY='"VOLUME FRACTION',
1007 SPEC_ID="CARBON DIOXIDE, ID='CO2_PESSOA_CENTRO'
&DEVC XYZ=-0.2,2.5,2.1, QUANTITY="TEMPERATURE', ID="14G' / no gas,
1008 &DEVC XYZ=1.9,1.5,1.6, QUANTITY="VOLUME FRACTION',
do lado de fora do dormitério
1009 SPEC_ID="OXYGEN', ID='02_PESSOA_CENTRO'/
1 0 1 0 &DEVC XYZ=1.9,1.5,1.6, QUANTITY='"VOLUME FRACTION',
ALTURA DA CAMADA LIVRE DE FUMACA NO COMPARTIMENTO:
101 1 SPEC_ID="CARBON MONOXIDE', ID="CO_PESSOA_CENTRO"
&DEVC XB=1.9,1.9,1.5,1.5,0.0,2.4, QUANTITY='LAYER HEIGHT',
&DEVC XYZ=1.9,1.5,1.6, QUANTITY="TEMPERATURE', ID="H160' /
1 O 1 2 ID="ACF_Comp'/
PAREDE P3: . )
1014 CONCENTRAGAO DE OXIGENIO NO COMPARTIMENTO:
&DEVC XYZ=3.9,1.6,2.1, QUANTITY="WALL TEMPERATURE', IOR=-1,
10 1 5 &DEVC XB=0.0,3.9,0.0,3.0,0.0,2.4, QUANTITY='MASS FRACTION',
ID="09'/ na face, do lado de dentro do dormitério
10 1 6 SPEC_ID='OXYGEN', ID='"COx_Comp'/
1 O 1 7 &DEVC XYZ=3.8,1.6,2.1, QUANTITY="TEMPERATURE', ID="09G' / no gas,
ANALISE DO ARTIGO PERICIA:
1 O 1 8 do lado de dentro do dormitério
&DEVC XYZ=0.9,2.5,0.4, QUANTITY="VOLUME FRACTION',
1020 &DEVC XYZ=4.0,1.6,2.1, QUANTITY='WALL TEMPERATURE', IOR=1, ID="10'
SPEC_ID="CARBON DIOXIDE', ID="CO2_BEL_BAIXO"/
1 02 1 / na face, do lado de fora do dormitorio
&DEVC XYZ=0.9,2.5,0.4, QUANTITY='"VOLUME FRACTION',
1022 SPEC_ID="OXYGEN', ID="02_BEL_BAIXO'/
1023 &DEVC XYZ=4.1,1.6,2.1, QUANTITY="TEMPERATURE', ID="10G' / no gas,
&DEVC XYZ=0.9,2.5,0.4, QUANTITY='"VOLUME FRACTION',
do lado de fora do dormitério
1024 SPEC_ID="CARBON MONOXIDE', ID='"CO_BEL_BAIXO'/
1025 &DEVC XYZ=0.9,2.5,04, QUANTITY="TEMPERATURE',
P ID="TEMP_GAS_BEL_BAIXO'/
1027 PAREDE P2:
&DEVC XYZ=0.5,3.0,2.1, QUANTITY="WALL TEMPERATURE', IOR=-2, &DEVC XYZ=0.9,2.5,1.6, QUANTITY="VOLUME FRACTION',
O 8 ID="11"/ na face, do lado de dentro do dormitério SPEC_ID="CARBON DIOXIDE', ID='CO2_BEL_CIMAY
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&DEVC XYZ=0.9,2.5,1.6, QUANTITY='"VOLUME FRACTION',
SPEC_ID="OXYGEN', ID='"02_BEL_CIMA"/

&DEVC XYZ=0.9,2.5,1.6, QUANTITY='"VOLUME FRACTION',
SPEC_ID="CARBON MONOXIDE', ID="CO_BEL_CIMA"/

&DEVC XYZ=0.9,2.5,1.6, QUANTITY="TEMPERATURE',
ID="TEMP_GAS_BEL_CIMA'/

&DEVC XYZ=0.9,0.4,0.4, QUANTITY='"VOLUME FRACTION',

SPEC_ID="CARBON DIOXIDE', ID="CO2_CAMA"/

&DEVC XYZ=0.9,0.4,0.4, QUANTITY="VOLUME FRACTION',
SPEC_ID="OXYGEN', ID="02_CAMA'/

&DEVC XYZ=0.9,0.4,0.4, QUANTITY="VOLUME FRACTION',

SPEC_ID="CARBON MONOXIDE', ID='"CO_CAMA!/

&DEVC XYZ=0.9,0.4,0.4, QUANTITY="TEMPERATURE', ID="TEMP_GAS_CAMA'/
PLANO DE TEMPERATURAS DOS GASES:

&SLCF PBY=1.5, QUANTITY="TEMPERATURE', VECTOR=.TRUE.,

ID="PerfilTemp_Y150' /

&TAIL / FIM DO ARQUIVO
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