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Traditional methods are using FDS and Pathfinder for numerical simulation of fire evacuation and do not consider the impact of
fire products on pedestrians, which will lead to erroneous evacuation results. In order to explore the impact of fire products on
pedestrian evacuation when a fire occurs in a building, the pedestrian evacuation risk assessment results are closer to the actual
situation. By establishing a full-scale model based on the pedestrian evacuation speed coefficient, a numerical simulation of the
evacuation of pedestrians under the influence of fire products is carried out, and the influence of spray intensity and smoke
exhaust rate on pedestrian evacuation is analysed at the same time.(e results show that, compared with traditional methods, the
fire evacuation model based on the evacuation speed coefficient can better reflect the evacuation effect of the real fire scene. At the
same time, adding spray and smoke exhaust devices can give pedestrians more time to escape.

1. Introduction

With the development of computer technology and the in-
depth study of human behavior and psychology, researchers
gradually began to widely use computers to directly simulate
the movement state of people in buildings and established a
large number of evacuation models. (e evacuation effi-
ciency of a fire is affected by many factors, not only to
consider the differences between individuals in the evacu-
ation process, such as cognitive level [1], physiological
conditions, mobility, psychological pressure, and other
factors [2] impact on the speed of pedestrian evacuation. In
addition, the structural details of the building such as
evacuation exit conditions [3, 4], emergency lighting system
[5], escalators and stairs [6, 7], etc. will also affect the
evacuation of personnel to varying degrees. In addition,
there are many related in-depth and meticulous researches
on different groups and locations of fires. (rough the use of
computer simulations, a variety of models have been
established to study the laws and characteristics of personnel
evacuation behavior, making this research direction con-
tinue to mature. research on the evacuation of personnel

during the fire started earlier in foreign countries. As early as
1909, the United States published a research report on
personnel evacuation behavior [8]. In the early 1930s, the
National Bureau of Standards conducted evacuation sim-
ulation studies in normal environments and fire drill en-
vironments. Japanese scientist Togawa, British scientist
Melink, Booth, etc., through video data and related fire
records, based on a large number of observations, summed
up the empirical calculation formula for time in the evac-
uation process [9]. “(e behavior of people in Fires” written
by the British scientist Wood through a large number of fire
case investigations is regarded as a representative work in the
field of human fire behavior [10]. In the theoretical study of
personnel evacuation, Henderson first proposed the macro
model of personnel evacuation [11]. In this article, the
movement behavior of pedestrians is similar to the flow of
gas or fluid. German traffic flow expert Helbing and his
colleagues based on Lewin’s concept of social power and
improved it on the basis of Henderson’s fluid dynamic
equations and jointly constructed a social power pedestrian
traffic flow model in 1995. Subjective expectations, the in-
terrelationships between people, the interaction between
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people and the environment, the psychological reactions of
personnel, and other forces are quantified, which is de-
scribed by the concept of social force. In 1986, U. Frisch,
B. Hasslacher, and Y. Pomeau collaborated and proposed a
lattice gas model. (e state variables such as space, time, and
speed and position of the model are discrete, so the speed of
calculation is increased. Von Neumann et al. proposed the
cellular automaton in 1948. Since the time, space, and state
in the model are discrete variables, this highly discrete
calculation can perform high-speed simulation operations
for high-performance computers. Moreover, it can easily
reproduce different complex phenomena in fire or self-or-
ganization, mutual attraction, and chaos in the process of
dynamic evolution of fire and has strong ability to simulate
various physical systems and natural phenomena.

In recent years, with the continuous occurrence of fires,
domestic research on the evacuation simulation model of
people in the process of fire has been increasingly empha-
sized, and domestic units at all levels have begun to gradually
carry out research on all aspects of fires. Among them,
Northeastern University Chen and others have compre-
hensively studied the problems of personnel evacuation in
fires, including the general evacuation behavior character-
istics and disaster avoidance strategies of people during fires
[12–14] and established personnel emergency in major ac-
cidents. (e evacuation model [15], the simulation model of
human evacuation behavior after a fire in a large public
building [16], and the simulation model of personnel
evacuation based on virtual reality technology [17]. Workers
such as Founder and Lu of the City University of Hong Kong
established a space grid evacuation model [18, 19]. Wuhan
University Founder and others have developed the evacu-
ation simulation software for high-rise buildings [20]. After
establishing the State Key Laboratory of Fire Science, the
University of Science and Technology of China gradually
began to organize related research: Song et al. quantified and
optimized friction and repulsion by combining existing
social force models based on the classic cellular automaton
model(e calculation rules of force improve the efficiency of
calculation by optimizing continuous model and discrete
model and improve the quantitative description of repulsive
force and friction force, which greatly improves the calcu-
lation speed and saves its accuracy and improves the cell
Automaton model [21].

On the basis of the existing cellular automaton traffic
flow model and pedestrian flow model, Yang proposed a
basic model for simulating the escape of people in a fire [22].
By introducing the concept of “total hazard map,” Good
simulation of the intelligence of personnel and the role of fire
scenes makes the model more reasonable and convenient in
determining the escape route of personnel. In addition, he
also developed a microscopic discrete evacuation model of
personnel behavior based on cellular automata theory [23],
so that the individual characteristics of each evacuee can be
simulated. Zheng et al. simulated the dynamics of pedestrian
evacuation based on cellular automata-based underground
flood diffusion [24]. Choi and Chi studied the optimal route
selection model for fire evacuation based on hazard pre-
diction data [25].

Sun and Wang conducted relevant research on the
simulation of the evacuation preparation time and exit width
on the evacuation of people [26]. In addition, they and other
scientists conducted a major fire in urban high-rise buildings
under the leadership of academician Fan Weicheng, the
project expert team leader and research on key basic issues of
prevention and control. Secondly, there are also many re-
lated researches on individual differences and related phe-
nomena in the process of fire, such as psychological factors
[27], cognitive level [1], group phenomena [28], the effect of
indicators on personnel evacuation during the fire [29] and
research on other aspects. At present, the main scenes of the
main personnel evacuation research are: research on the
school gymnasium [30], teaching building [31, 32], etc. In
addition, there are also many researches on the impact
factors of the fire process on the fire environment on people,
including smoke regulation [33], smoke toxicity [34], and
many other aspects.

According to relevant statistics of the American Fire
Protection Association, deaths in fires are mainly caused by
poisoning and suffocation, with a general proportion of 80%
from poisonous smoke, 13% from high temperature, and 7%
from other causes [35]. (erefore, when assessing the risk of
building fires, it is very necessary to consider the evacuation
of pedestrians under the influence of fire products. Many
scholars have conducted research on this. Sun et al. [36]
conducted numerical simulation studies on the spread and
development of fire and the evacuation of pedestrians for
teaching buildings; Song et al. [37] conducted fire control
operations and pedestrians safety in the terminal building;
Quantitative simulations were made; Chen [38] conducted a
fire dynamic evolution process and numerical simulation of
pedestrians evacuation of the subway station and gave in-
dicators for judging the safe evacuation of pedestrians; Liu
et al. [39] carried out pedestrians under fire in high-rise
buildings Evacuation research; Li and Zhang [40] conducted
a fire simulation and safety evacuation study in a connected
dormitory building using the fire simulation software FDS
and the pedestrians evacuation software Pathfinder.

Most of the previous researches used the fire dynamic
simulation software FDS and the personnel evacuation
software Pathfinder together, but did not connect the fire
products with the evacuation. When conducting the evac-
uation research under fire conditions, the fire products did
not have any impact on the pedestrians in the evacuation,
which would lead to false evacuation conclusions. In order to
reduce the error caused by traditional method, make the
evacuation result closer to the real scene. (erefore, the
author intends to use FDS and Pathfinder to conduct
simulation research on evacuation of people under the in-
fluence of fire products and provide certain guidance for
pedestrian evacuation risk assessment of building fires based
on the simulation results.

2. Theoretical Framework

As shown in the figures, Figure 1 is the traditional method.
By setting three types of detectors at the exit of the fire
dynamic simulation software FDS, the shortest time for the
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three types of sensors to reach the specified critical hazard
value is regarded as Available Safe Egress Time (ASET), in
the pedestrian evacuation software Pathfinder; Vc represents
the pedestrians to evacuate at a fixed walking speed. When
the pedestrians evacuate to the exit, the evacuation time of
the pedestrian is regarded as the Required Safe Egress Time
(RSET). Although comparing ASET and RSET to assess
whether the pedestrian is safe to escape, this method does
not consider the impact of fire products on pedestrian.
Pedestrians always escape at a fixed speed Vc during the
evacuation process, which is inconsistent with the actual
situation. Figure 2 shows the proposed method in this paper.
As shown in the figure, different from the previous model
establishment, in this paper, BIM software Revit is used to
establish the research model, which can be directly imported
into FDS and Pathfinder, and the authenticity and resto-
ration degree of the model is much higher than previous
modeling methods. In FDS, CO volume fraction, CO2
volume fraction, O2 volume fraction, and temperature are
used as ASET, and the ASET is refined.(e refined ASETcan
get the injury status of the person. Use visibility, CO volume
fraction, and temperature as indicators that affect the
evacuation of pedestrians. By converting the three into
Evacuation Speed Coefficient and importing the Speed
Modifier that comes with Pathfinder, the pedestrian evac-
uation speed is Vt at this time, which means that during the
evacuation process, pedestrians’ speed will change with the
change of time. It can be considered that the fire products
have an impact on the evacuation of people. By getting RSET
in Pathfinder and comparing it with the refined ASET, we
can get the four states of pedestrians (No injury, Minor
injured, Seriously injured, and Dead).

3. Materials Method

3.1. Composition and Influence of Fire Products. (e fire
products are mainly divided into fire smoke and high-
temperature hot plume. (ese products will reduce the
physiological movement ability of pedestrians, affect the
choice of escape routes, and even affect the nervous system
of pedestrians, causing pedestrians to make wrong judg-
ments during the evacuation process. (e hazards of fire
products are as follows:

(i) (e shading of smoke: Combustible materials will
produce a large number of solid particles and other
gas-phase products and associated droplets during
the combustion decomposition process, which are
collectively referred to as flue gas. (e accumulation

of smoke will result in reduced visibility, which will
affect pedestrians’ field of vision and negatively
affect the evacuation of pedestrians.

(ii) (e toxicity of smoke: Once pedestrians in the fire
inhale toxic and harmful fumes, some mechanisms
and functions of body organs will be affected. If
inhaled for a long time, they may even cause se-
rious injury or death.(emost significant effects of
fire smoke on the human body are CO and CO2.
(e former weakens the binding of hemoglobin to
O2, resulting in insufficient O2 content in the blood
and insufficient support; the latter affects the re-
spiratory rate and depth of the human body,
causing pedestrians to inhale toxic and harmful
gases faster. In the fire scene, the rapid con-
sumption of oxygen during the fire will also cause
suffocation and other situations, which will hinder
the escape. (e effects of different volume fractions
of CO, CO2, and O2 on the human body are shown
in Tables 1–3.

(iii) High-temperature hot plume. High-temperature
thermal plumes mainly affect the circulatory system
and nervous system of the human body. When the
human body is exposed to high temperature for a
long time, it will cause the skin blood vessels to
dilate, and a lot of sweating will condense the blood,
resulting in a rapid heartbeat, increased blood
pressure, abnormal co-ordination and accuracy of
human movements, resulting in reduced brain re-
action speed and attention. Under normal cir-
cumstances, the tolerance of pedestrians to different
temperatures is shown in Table 4.

3.2. Fire Product Impact Function. Zhu [41] believes that the
speed of pedestrian evacuation in a fire is mainly affected by
visibility, CO, and flue gas temperature, and can be divided
into the following three aspects:

(i) Visibility: (e visibility of the fire, which is mainly
caused by the smoke volume fraction, affects the
field of vision of the pedestrians during the evac-
uation process, thereby affecting the escape speed of
the pedestrians.

(ii) CO:(e impact on the body organs of pedestrians is
mainly reflected in the toxicity of anesthesia and
stimulation of toxicity. Long-term inhalation may
cause serious injury or death.

FDS
Visibility

Volume fraction (CO)
Temperature

VC Pathfinder

Available safe egress time

Required safe egress time

Risk assessment

Figure 1: Traditional method.

Discrete Dynamics in Nature and Society 3



(iii) Temperature: Affect the physical function of pe-
destrians, make pedestrians feel hot, dizzy and
dizzy, and produce nervousness.

Zhu [41] introduced the concept of equivalent speed co-
efficient, quantified the impact of the 3 products on the human
body, and introduced visibility coefficient f(v), CO influence

Table 1: Effects of CO on the human body.

CO volume fraction (%) Human reaction symptoms
0.01 Little effect on human body
0.05 1 h exposure has little effect on the human body
0.1 Discomfort, headache, vomiting after 1 hour of exposure
0.5 Severe headache, risk of death after 20–30min
1.0 Lose consciousness several times after breathing and die after 1-2min

BIM

FDS

Visibility
Volume fraction (CO)

Temperature

Evacuation speed coefficient

Speed modifier

ASET

RSET

Risk assessment

No injury

Minor injury

Seriously injured

Dead

Volume fraction (CO)
Volume fraction (CO2)

Temperature
Volume fraction (O2)

Vt

Pathfinder

Figure 2: (e proposed method in this paper.

Table 2: Effects of CO2 on the human body.

CO2 volume fraction (%) Human reaction symptoms
0.55 (e human body will not produce any symptoms within 6 h
1–2 Cause discomfort
5 Feeling unable to gasp, causing poisoning within 30 minutes
7–10 Lose consciousness within minutes to death

Table 3: Effects of O2 on the human body.

O2 volume fraction (%) Human reaction symptoms
19.5 (e body begins to show bad physical reactions
12–15 Shortness of breath, headache, dizziness, slow movements
10–12 Nausea and vomiting, inability to move or even paralysis
Less than 6 Within 6–8 min, pedestrians will die

Table 4: Effects of high temperature on the human body.

Environment temperature (°C) Endure time (min)
50 >60
70 60
100–130 15
200–250 5

4 Discrete Dynamics in Nature and Society



coefficient f(c), and temperature influence coefficient f(θ).
(e product of these 3 coefficients represents the total effect of
fire products on the rate of human evacuation [41].

v � v0 × f(v) × f(c) × f(θ). (1)

Theorem 1. v is the walking speed of the person during
evacuation, m/s; v0 is the reference speed of the person taking
the walking speed of the person when there is no fire, which is
1.2m/s in this study.

3.3. Visibility Influence Function. At the 12th International
Conference on Performance Based Codes and Fire Safety
Design Methods, Karl f from Lund University [42] sum-
marized data on the speed of pedestrians walking in smoke
based on 10 different empirical formulas and provided a
representation of walking. (e relationship between the
speed and visibility functions, the visibility impact coeffi-
cient and visibility are as follows:

f(v) � min(1, max(0.2, 1 − 0.34(3 − VIS))). (2)

Theorem 2. VIS represents the visibility of pedestrians
during evacuation, m.

Figure 3 shows the influence of visibility on the coefficient
of evacuation. As shown in Figure 3, the curve varies linearly
between 0.6m<VIS< 3m. When VIS> 3m or VIS< 0.6m,
the visibility coefficient is invariable, always 1 or 0.2.

3.4.COInfluenceFunction. Zhu [41] fitted the formula of the
effect of CO on human body speed measured by different
volume fractions of Milke [43] as a formula. And the
function of CO volume fraction, the expression is as follows:

f(c) �

1, (p< 0.1),

1 − (0.2125 + 1.788p)pt, (0.1≤p< 0.25),

0, (p≥ 0.25).

⎧⎪⎪⎨

⎪⎪⎩

(3)

Theorem 3. p is the volume fraction of CO, %, t is the ex-
posure time, min.

Zhu [41] thinks that when the co volume fraction of
smoke is less than 0.1%, the evacuation speed to the human
body can be neglected. When the volume fraction of the
smoke reaches 0.25%, it can cause serious harm to the
pedestrians, resulting in the evacuation speed down to 0 at
this time, and the pedestrians lose their power of action.

3.5. Temperature Influence Function. Zhu [41] believes that
the effects of high-temperature plumes on human body can
be divided into 3 stages:

(i) When the temperature θ< 30°C is perceived by the
human body, it can be considered that the

temperature has no effect on the evacuation speed of
the person, at this time f(θ) is always equal to 1.

(ii) When the temperature sensed by the human body is
30°C< θ< 60°C, during this time period, the human
body senses the temperature rise, stimulating the
pedestrians to escape from the fire quickly; at this
time, the temperature has a positive effect on the
speed of evacuation of the pedestrians.

(iii) When the temperature sensed by the human body is
θ> 120°C, the evacuation speed of the pedestrians is
gradually reduced by the temperature until the
pedestrians lose their ability to move. At this time,
the temperature has a negative effect on the evac-
uation of the pedestrians.

(e expression is as follows:

f(θ) �

1, θs ≤ θcr1( ,

vmax − 1.2(  θs − θcr1/θcr2 − θcr1( 
2

v0
+ 1, θcr1 < θs ≤ θcr2( ,

vmax

1.2
1 −

θs − θcr2

θd − θcr2
 

2
⎡⎣ ⎤⎦, θcr2 < θs ≤ θd( .

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(4)

Theorem 4. θs is the actual temperature of the fire site, °C; v

is the maximum escape speed, m/s, generally 4; θcr1 is the
temperature that pedestrians feel uncomfortable, °C, take
θcr1 � 30; θcr2 is the temperature that causes harm to pe-
destrians, °C; take θcr2 � 60; θd is the temperature that causes
serious injury to pedestrians, °C; take θd � 120.

Figure 4 represents the influence of temperature on the
evacuation coefficient of pedestrians. It can be seen from the
Figure 4 that when the temperature θ< 30°C, the temper-
ature influence coefficient f(θ) is always 1; when the
temperature θ� 60°C, the temperature influence coefficient
f(θ)max � 3.333; when the temperature θ> 120°C, the tem-
perature influence coefficient f(θ) is always 0.
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Figure 3: Impact of visibility on evacuation coefficient.
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3.6. Consider the Numerical Simulation of Evacuation under
Fire Products. FDS is a simulation software specially
designed to create fire scenarios and view the evolution
process of fire dynamics. It allows users to view the results of
smoke spreading and fire spreading during the process of
fire. Using the software, a building fire model can be ob-
tained, as shown in Figure 5. (e model is a full-scale fire
model on the first floor of a building, with a total length of
84.0302m, a total length of 20m, and a height of 4m.

(e fire source is located in a room. Figure 6 shows a
schematic diagram of 23 regions in the fire model. 23 sensors
divide the corridor into 23 zones. Each region has tem-
perature sensors, CO sensors, visibility sensors, and sprin-
kler sensors, so as to output the result of fire products in each
region. At the same time, the CO sensor, CO2 sensor,
temperature sensor, and O2 sensor are 4 kinds of sensors,
which are mainly used for the calculation of safe evacuation
time.(e height is 1.7m., and the specific fire parameters are
shown in Table 5.

Pathfinder is the evacuation software based on evacu-
ation dynamics. By setting the corresponding parameters
(walking speed, shoulder width, outlet selection, etc.) for
each escaping pedestrians in the group, and setting up the
escape mode of pedestrians, virtual evacuation of pedestrian
movement is simulated. In the Pathfinder 2019, a function of
regional pedestrian speed modifier is added, as shown in
Figure 7, where the initial value is 1. (e initial evacuation
speed of a representative, that is, the speed coefficient,
corresponds to different values at different times. As time
goes on, the fire products begin to affect the pedestrians, and
the values continue to decrease; that is, the speed coefficient
decreases, and the speed of the pedestrians starts to slow
down until the speed is changed to 0. It is used to establish
evacuation model under the condition of fire product
impact.

(e fire model in the FDS can be directly imported into
the Pathfinder. According to the location of the 23 detection
regions in the FDS, 23 evacuation regions are manually
divided into Pathfinder. Due to the fact that there is a certain
delay in the fire control in the real fire scenario, in order to be

closer to the actual evacuation situation, there are 5 kinds of
response behaviors for different rooms. As shown in Fig-
ure 8, the response delay time of different behavior pe-
destrians is shown in Table 6.

(ere are 6 kinds of working conditions for evacuation.
(ere are different evacuations in different conditions, and
each condition is divided into 2 scenarios, namely, Scenario
1, without considering the effects of fire products; Scenario 2,
taking into account the influence of fire products on the
parameters of working conditions. (e parameter settings of
the 6 working conditions are shown in Table 7.

Assuming existence 0.1≤p< 0.25, when t � t0. At that
time p � p0; when t � ti+j. At that time p � pi+j. (e rela-
tionship between time and volume fraction is shown in
Table 8. Suppose the initial time is ti . When t � ti, the person
has been exposed to the volume fraction pi for 0.5 s, then the
speed state of the person at this moment is f(c)i− 1; When
t � ti+1, the pedestrians enters the time ti+1 at the state
f(c)i− 1, the speed state of the pedestrians at this time is
f(c)i− 1f(c)i; In the same way, when t � ti+j, the pedestrians
enter the state f(c)i− 1f(c)i . . . f(c)i+j− 2 at time ti+j; then the
pedestrians speed state is f(c)i− 1f(c)i . . . f(c)i+j− 2f(c)i+j− 1.

For the three kinds of fire product influence coefficients,
the visibility influence coefficient and the temperature in-
fluence coefficient can be directly imported into Pathfinder,
and for the CO influence coefficient, there are two variables,
volume fraction and duration, which cannot be directly
imported into Pathfinder, and the (eorem 4 needs to be
modified.

Get the following formula:

f(c) � 1 − (0.2125 + 1.788p)pt. (5)

In this fire simulation calculation process, FDS records
data about every 0.5 s, the simulation time is 500 s, and a
total of 1001 data points; it can be considered that at the
moment, the person has been exposed to the volume fraction
for 0.5 s, then the formula (5) change into

f(c) � 1 − (0.2125 + 1.788p)p
0.5
60

. (6)

When p< 0.1 or p> 0.25, there are only two states 1 or 0.
At this time, p has no relationship with the exposure time t.
It can be considered that the conversion method is appli-
cable to the entire function expression.

3.7. Evacuation Results Analysis and Comparison.
Figure 9 shows a comparison of speed coefficient curves
between region 1 and region 22. As shown in Figure 9, the

20 40 60 80 100 120
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5
Te

m
pe

ra
tu

re
 co

ef
fic

ie
nt

Temperature (°C)

Figure 4: Impact of temperature on evacuation coefficient.
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Figure 5: Building fire model.
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temperature has a positive effect on evacuation in the early
stage of the fire, which dilutes the negative effects of visibility
and CO on the human body. As the fire proceeds, CO

reaches the dangerous point first, and the co speed coeffi-
cient returns to zero, leading to the total speed coefficient
returning to zero.

Region 1

Region 2

Region 3

Region 4

Region 5

Region 6Region 8Region 10

Region 7Region 9Region 11

Region 23

Region 12Region 14Region 16

Region 13Region 15Region 17Region 19 Region 18

Region 20

Region 21

Region 22

Figure 6: Evacuation region division.

Table 5: Fire parameters.

Fire parameter Numerical value
Fire heat release rate 4MW
Spray intensity 12 L/min
CO sensor height 1.75m
Visibility sensor height 1.7m
Temperature sensor height 1.65m
Simulation time 500 s
Mesh size 0.5m× 0.5m× 0.5m

Figure 7: Speed modifier.

Behavior 1 Behavior 1 Behavior 2 Behavior 3Behavior 2

Behavior 3

Behavior 3Behavior 2Behavior 1Behavior 1Behavior 2
Behavior 2

Behavior 3

Behavior 4 Behavior 4 Behavior 4 Behavior 5 Behavior 5

Behavior 4 Behavior 4 Behavior 4 Behavior 5

Behavior 5

Behavior 5

Behavior 5

Behavior 5

Figure 8: Different behaviors.
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From Table 9, we can see that the evacuation time under
the condition of considering the impact of fire products is
significantly larger than the evacuation time without

considering the impact of fire products. In the 2 scenarios,
the maximum relative error is 60.69%when the evacuation is
completed, and the smallest relative error is 39.59%. For the

Table 6: Pedestrians behavior.

Behavior Response delay
Behavior 1 Response delay 20 s
Behavior 2 Response delay 25 s
Behavior 3 Response delay 30 s
Behavior 4 Response delay 35 s
Behavior 5 Response delay 40 s

Table 7: Working condition.

Working condition Number of pedestrians evacuated [pers]
Working condition 1 200
Working condition 2 300
Working condition 3 400
Working condition 4 500
Working condition 5 600
Working condition 6 700

Table 8: Relationship between time and volume fraction.

Time Volume fraction Exposure time at this volume fraction
t0 p0 t1 − t0
t1 p1 t2 − t1
. . . . . . . . .

ti− 1 pi− 1 ti − ti− 1
ti pi ti+1 − ti

. . . . . . . . .

ti+j pi+j ti+j+1 − ti+j
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Figure 9: Comparison of speed coefficient curves between region 1 and region 22.
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safe evacuation of pedestrians depends on 2 characteristic
time: one is the time needed for the fire to develop to the
safety threat to the pedestrians, that is, Available Safe Egress
Time (ASET), and the second is the time needed to evacuate
to the safe region, that is, Required Safe Egress Time, RSET,
so as to ensure that the pedestrians can evacuate safely. We
must ask RSET<ASET because of the great difference be-
tween the evacuation results under the 2 scenarios. (e
author will re-quantify the target ASET of safe evacuation.
For ASET’s judgment, CO2, O2, CO, and temperature are
used to judge whether the pedestrians are safe evacuation
targets. (ese indicators can have a certain degree of in-
fluence on human health, and for 3 kinds of ASET, com-
bined with the influence degree of fire smoke and
temperature on human body, the index of ASETis quantified
in Tables 10 and 11.

Take the time when the 4 indicators reach the prescribed
value, respectively, and take the shortest time as the cor-
responding available safe evacuation time ASET. According
to the 4 sensors set at the doorway in the model, 4 indexes
meet the prescribed value corresponding to the time
Table 12.

(erefore, it can be considered that ASET1� 129.53 s,
ASET2� 261.52 s, and ASET3 are not found in the study.
(erefore, it is not worth considering ASET3. It is worth
noting that the risk index adopted by the speed coefficient is
the same as that adopted by the ASET, but this may lead to
different results. It may appear that when the ASET2 arrives,
the pedestrians still have the power of action. (e use of a
single measuring point instead of the data of a single region
may cause some errors for larger regions, but this is ac-
ceptable, and the optimization of errors is not considered in
this paper. (e evacuation time under 6 working conditions
is compared with ASET1 and ASET2, and the degree of
injury in 2 scenarios is studied, taking working conditions 1
(200 pedestrians) and working conditions 6 (700 pedes-
trians) as an example.

Figure 10(a) shows the evacuation of 700 pedestrians in 2
scenarios. It can be seen that when we get to
ASET1� 129.53 s, there are 379 pedestrians left in Scenario 1
and 550 pedestrians in Scenario 2. At that time, the
remaining number is in the condition of slight injury. As the
evacuation proceeds, the pedestrians in Scenario 1 have been
evacuated before ASET2, and the pedestrians have not

Table 9: Pedestrians evacuation in two scenarios.

Number of pedestrians evacuated Scenario 1 (s) Scenario 2 (s) Relative error (%) Whether all evacuations have been completed
200 101.0 162.3 60.69 Yes
300 126.0 191.5 51.98 Yes
400 147.8 223.5 51.21 Yes
500 178.3 253.0 41.89 Yes
600 200.8 280.3 39.59 Yes
700 225.8 301.0 — No
In Scenario 2, when the number of evacuees was 700, 656 pedestrians completed evacuation at 301 s, and 44 pedestrians did not escape because of the regional
speed coefficient of 0.

Table 10: ASET judgment index.

ASET Personal injury

ASET1 (e human body can withstand 1 h, or the human body is injured, and someminor symptoms appear in the human body, which is
a minor injury

ASET2 (e human body can withstand 15–30min, or the human body is seriously harmed, and the human body shows serious symptoms,
which is a serious injury

ASET3 (e human body bears no more than 1 minutes, or the human body is particularly harmful, and immediately dies in a short time

Table 11: ASET’s quantitative indicators of fire products.

ASET Temperature (°C) CO (%) CO2 (%) O2 (%)
ASET1 60 0.1 2 19.5
ASET2 100 0.25 5 12
ASET3 175 1.0 10 6

Table 12: Available safe egress time.

ASET Temperature (s) CO (s) CO2 (s) O2 (s)
ASET1 191.54 129.53 174.03 256.00
ASET2 330.03 261.52 302.54 452.01
ASET3 — — — —

Discrete Dynamics in Nature and Society 9



entered the serious injury state. When the Scenario 1
completes evacuation, there are still 281 pedestrians left in
Scenario 2. When ASET2� 261.52 s arrives, there are 162
remaining pedestrians in Scenario 2, when the remaining
numbers get into serious injuries, but they still have the
power to act.� 301 s, when the speed coefficient of the
Scenario 2 changed to 0, which led to 44 pedestrians not
completing the evacuation, it could be considered that the 44
officers lost their mobility due to excessive injury. Scenario 1
evacuated 700 pedestrians for 225.8 s, Scenario 2 evacuated
656 pedestrians for 301 s, 44 pedestrians failed to evacuate,
and the difference is 75.2 s.

Figure 10(b) is the evacuation of 200 pedestrians in 2
scenarios. When the evacuation of pedestrians in Scenario 1
is completed, there are still 121 pedestrians in Scenario 2.
With the evacuation process continuing, when the
ASET1� 129.53 s reaches the scenario, the pedestrians in
Scenario 1 have been evacuated, and the pedestrians have
not been affected. However, 68 of the scenarios 2 have not
yet completed the evacuation, and the 68 pedestrians have
been slightly injured. At� 162.3 s, the pedestrians in Sce-
nario 2 completed evacuation, and there was only slight
injury in the condition, without serious injury.

(rough the analysis of the above 2 results, the evacu-
ation time and the degree of injury are quite different in the 2
scenarios. In Case 6, for example, when the evacuation
number is 700, the pedestrians in Scenario 1 begin to
evacuate completely without serious injury or loss of action.
Even 44 of them stayed in the fire because of their loss of
action. (is is truer to the actual situation, because in the
actual fire scenario, when the number of evacuees is large, it
is easier for pedestrians to become unconscious due to heavy
injuries. (erefore, it can be considered that the evacuation
results under fire conditions are closer to the real situation

than the traditional simulation results. A fire scenario can
only correspond to an evacuation model, and the fire
products have a direct impact on the evacuation of
pedestrians.

3.8. Influence of Spray Intensity on Speed Coefficient.
Zhao and Qian [44] research shows that different spray
intensities can inhibit the temperature change in the fire
field; Khoat et al. [45] analysed the fire characteristics after
spray fire extinguishment in the cabin fire. During the fire
extinguishing process, it is believed that the presence of
spray has a significant effect on reducing the temperature of
the smoke layer. Yang et al. [46] think that the spray in-
tensity can prevent the visibility of the no fire source region
from drastically decreasing, Wang et al.’s [47] numerical
simulation showed that the CO volume fraction of the spray
coverage region is higher than that of the no spray condition;
Sun [48]used the fire simulation software FDS and fire test
and found that within a certain range, the greater the spray
intensity, the smaller the CO volume fraction in the
chamber. It is found that within a certain range, the larger
the spray intensity, the smaller the CO in the chamber. All
the above studies prove that the spray intensity has an
impact on the 3 kinds of analytical products. In order to
explore the influence of spray intensity on the speed coef-
ficient, 3 working conditions are set up in this paper. On the
basis of the original model, a spray sensor is added at each
3.5m height in the region, and a total of 23 sprinkler sensors
are set up. (e specific spray intensity settings are shown in
Table 13.

A total of 4 representative regions were selected, of which
15 were located outside the fire room, adjacent to the fire
region, 23, 8, and 1 gradually away from the fire region. (e
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Figure 10: Comparison of pedestrian evacuation in different scenarios.
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effect of spray intensity on the speed coefficient is shown in
Figure 11. From Figure 11, it can be seen that the spray
intensity has little effect on the speed coefficient, but with the
increase of spray intensity, the time of curve zero return is
postponed. (at is, the time lag of pedestrian speed coef-
ficient is 0.

Table 13: Spray intensity at different conditions.

Working condition Spray intensity
Working condition 1 0 L/min
Working condition 2 6 L/min
Working condition 3 12 L/min
Mesh size 0.5m× 0.3m× 0.5m
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Figure 11: Effect of spray intensity on speed coefficient.

Table 14: Smoke exhaust rate under different working conditions.

Working condition Smoke exhaust rate
Working condition 1 0m/s
Working condition 2 1m/s
Working condition 3 2m/s
Working condition 4 3m/s
Mesh size 0.5m× 0.3m× 0.5m
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Figure 12: Effect of smoke exhaust rate on speed coefficient.
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For region 15, because the region is close to the fire
region, in the middle and late fires, the greater the spray
intensity, the greater the speed coefficient, while for region 1
and region 8, in the middle of the fire, the greater the spray
intensity, the speed coefficient. On the contrary, the speed
coefficient is smaller. (is is because, in this period of time,
the most important indicator of spray influence is tem-
perature. (e higher the spraying intensity, the higher the
temperature in the region, but the temperature always has a
positive effect on the human body, stimulating pedestrians
to accelerate away from the region.

3.9. Influence of Smoke Rate on Speed Coefficient. Wang et al.
[49] research shows that mechanical exhaust can effectively
reduce the highest temperature and the highest volume
fraction of CO in the fire field and delay the beginning time
of the smoke visibility. Zhu and Li [50] carried out the small
size fire smoke simulation test and found that the exhaust
efficiency has a certain effect on the temperature of the hot
smoke layer. In order to explore the influence of smoke rate
on the speed coefficient, 4 kinds of working conditions are
set up in this paper. Due to the large number of detection
regions, 6 regions were taken as comparison objects, and
smoke exhaust ports were set up in the height of 22 regions,
including region 22, region 18, region 14, region 10, region
16, and region 2.(e length and width of smoke outlets were
all 0.5m.

(e smoke emission rate corresponding to different
conditions is Table 14. As can be seen from Figure 12, smoke
exhaust has a significant effect on the speed coefficient. In the
middle of the fire, the speed coefficient decreases with the
increase of exhaust gas rate. (is is because the temperature
has a positive effect on the human body at that time. (e
higher the smoke exhaust rate and the lower the tempera-
ture, the smaller the stimulating effect on the human body.
(e time lag of speed coefficient returning to zero is delayed,
and the effect of smoke exhaust on speed coefficient is much
better than that of spray.

3.10. Hospital Building Information Modeling. (e Second
Hospital of Medical University is called the Second Affiliated
Hospital of Harbin Medical University. Its outpatients
building has 7 floors, including 6 floors above ground and 1
floor underground. According to the on-site inspection, the
− 1st to 4th floors are mostly outpatients’ rooms, the 5th to
6th floors are mainly ward regions, and the distribution of
the 7-story buildings is shown in Table 15. According to the
data collection of the outpatients building of the Second
Hospital of Medical University, the architectural model of
the outpatients building of the Second Hospital of Medical
University was drawn 1 :1 in Revit. (e model is 106.21m in
length, 74.5m in width, and 28.70m in height. Among them,
except for the height of the first floor is 4m, the height of the
remaining floors is 3m. Figure 13 shows the schematic plan
of the building on the first floor and Figure 14 is a schematic
diagram of the BIM model of the building.

(e model of the outpatients building of the Second
Hospital of Medical University established by the model in
Revit is imported into the fire dynamic simulation software
FDS in the format of IFC, and the construction of the FDS

Table 15: Function distribution of each floor.

Floor Features
Floor -1 Supermarket/Pharmacy Warehouse/CT room...
Floor 1 Lobby/Registered clinic/Testing department...
Floor 2 Counseling room/Ultrasound medicine department...

Floor 3 Cardiovascular clinic/Respiratory clinic/Hematology
clinic...

Floor 4 Obstetrics and gynecology clinic/Nuclear medicine
department...

Floor 5 Obstetrics and gynecology I/III/IV ward. . .

Floor 6 Obstetrics and gynecology II ward/Second center
operating room...

Stairs 1

Stairs 2 Stairs 3

Stairs 6Stairs 7

Exit 1Exit 2

Exit 4

Exit 3

Stairs 4

Stairs 5

Exit 6 Exit 5Exit 7

Stairs 8

Stairs 9

Exit 8

Figure 13: Floor 1 plane structure diagram.

Figure 14: Building information model.

Figure 15: Fire model diagram of floor − 1.
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fire model is completed by adding various parameters such
as materials, combustion reactions, and combustibles to
FDS. Figures 15–22 show the display effect of the BIMmodel
in FDS. Figure 23 shows the display effect of a certain part of
the hospital in the model. Figure 24 shows the actual display
effect of this part of the hospital.

3.11. Analysis of Evacuation Dynamic Parameters. By com-
bining data from multiple papers, in this study, the number
of evacuees was planned to be 2640. In this study, by

Figure 16: Fire model diagram of floor 1.

Figure 17: Fire model diagram of floor 2.

Figure 18: Fire model diagram of floor 3.

Figure 19: Fire model diagram of floor 4.

Figure 20: Fire model diagram of floor 5.

Figure 21: Fire model diagram of floor 6.

Figure 22: Fire model diagram in FDS.

Figure 23: Hall model drawing of floor 1.

Figure 24: Hall actual picture of floor 1.
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combining the actual departments and functions of the
outpatients building of the Second Hospital of Medical
University, the staff types were divided into 8 types, namely,
male (normal), male (patients), female (normal), female
(patients), children (normal), children (patients), elderly
(normal), and elderly (patients). Table 16 shows the reaction
time of different pedestrians in the fire, and Table 17 shows
the evacuation speed of different pedestrians. (rough on-
site visits to the outpatients building of the Second Hospital
of Medical University, combined with the actual functions of
each floor of the outpatients building, different staff pro-
portions were set for each floor. (e specific staff type ratio
distribution is shown in Table 18 below.

4. Results

Cheng et al. [51] conducted a risk assessment of pedestrian
evacuation in subway stations under large-scale sports ac-
tivities. Chen et al. [52] synthesized the preevacuation be-
havior data of the residents obtained through the
investigation and discussed the influencing factors of the
evacuation time. Choochart and (ipyopas [53] used soft-
ware Pathfinder to study passenger evacuation of Airbus
A330-300 aircraft. de Lama et al. [54] used a virtual envi-
ronment to study human behavior in fire. Velásquez et al.
[55] studied the gait body mass index of building risk as-
sessment through graph theory.(is article will combine the
research results of various scholars and fire products to
conduct the evacuation risk assessment of building fire
pedestrians.

As shown in the Figure 25, the person has no behavior in
the first 10 s, and the person starts to move after 10 s. (is is
because in all types of pedestrians, the reaction time of
healthy men is the shortest, and healthy men begin to escape
10 s after the fire alarm. It can be seen from the curve that the
evacuation curve of the pedestrians in the two scenarios is
almost the same in the first 185 s or so, because the fire

Table 16: Reaction time of different pedestrians.

Normal Patients
Male 10 s Male 50 s
Female 20 s Female 60 s
Children 40 s Children 70 s
Elderly 40 s Elderly 80 s

Table 17: Evacuation speed of different pedestrians.

Normal Patients
Male 1.15m/s Male 1.0m/s
Female 1.03m/s Female 0.85m/s
Children 0.95m/s Children 0.6m/s
Elderly 0.69m/s Elderly 0.5m/s

Table 18: Distribution of pedestrians on each floor.

Floor Male 0 Male 1 Female 0 Female 1 Elderly 0 Elderly 1 Children 0 Children 1
− 1 20 10 20 10 10 10 10 10
1 180 90 180 90 135 90 45 90
2 60 30 60 30 45 30 15 30
3 60 30 60 30 45 30 15 30
4 120 40 40 40 40 80 20 20
5 125 25 50 100 10 0 10 0
6 125 25 50 100 10 0 10 0
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Figure 25: Pedestrians evacuation under the influence of fire
products.
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products in Scenario 2 did not have a great impact on the
pedestrians during this period, but in the 185 s. After that,
the impact of fire products is getting bigger and bigger, the
slope of the curve in Scenario 2 is getting smaller and
smaller, and the slope represents the efficiency of pedestrians
evacuation per unit time. With the evacuation time, the
evacuation time of Scenario 1 is 792.3 s. In the Scenario 2, the
evacuation time of the pedestrians was 1946 s (of which 15
pedestrians failed to evacuate), and the difference between
the evacuation results was 145.61%.

EXIT1EXIT2 EXIT3

EXIT4

EXIT5EXIT6EXIT7

EXIT8

Figure 26: Schematic diagram of each exit.

Table 19: Accident level classification.

Type of accident Number of serious
injuries Number of deaths

Particularly serious
accident

100 pedestrians or
more

30 pedestrians or
more

Serious accident 50–100 pedestrians 10–30 pedestrians
Major accident 10–50 pedestrians 3–10 pedestrians

General accident 10 pedestrians or less 3 pedestrians or
less
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Figure 27: Exit 1 evacuation situation.
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(e specific distribution of the exits is shown in Fig-
ure 26. In order to study the evacuation situation and injury
degree of pedestrians at each exit, the indicators for judging
whether the pedestrians are safe to evacuate from each exit
are obtained by combining Tables 10 and 11. Based on the
classification of accidents according to the Regulations on
Reporting, Investigation and Handling of Production Safety
Accidents (State Council Order No. 493 of the People Re-
public of China), the standards shown in Table 19 were
obtained. Combine the data in the Table and the evacuation
situation of each exit to determine the degree of injury and
the type of accident. As can be seen from Figures 27–34, the
pedestrians at the seven exits 1, 3, 4, 5, 6, 7, and 8 were not
injured during the evacuation process. Before the minor
injury, the pedestrians had fled the fire. (rough calculation
and analysis, the 7 exits had a total of 2539 evacuees, ac-
counting for 96.17% of the total number.

In Exit 2’s evacuation situation, 61 pedestrians had fled
the fire before ASET1� 92 s, and the remaining 25 pedes-
trians began to be injured. At this time, the remaining 25
pedestrians entered a state of minor injury. With the
evacuation time, at 190 s, Twenty-five pedestrians with
minor injuries escaped from the fire site; the total time from
entering the minor injury state to completely escaping from
the fire site was 98 s, accounting for 51.58% of the total
evacuation time of the exit. (is is because the fire products
have a great impact on the evacuation speed of pedestrians;
as a result, pedestrians are slow to move. For the same
distance, compared with not considering fire products,
pedestrians will spend more time to escape under the in-
fluence of fire products Figure 35 shows the location of
region 12 in pathfinder.

(rough the search for data, the reason for the failure of
pedestrians evacuation is that the temperature of the regions
1–12 where the pedestrians is located exceeds 120°C, and
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Figure 33: Exit 7 evacuation situation.
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Figure 34: Exit 8 evacuation situation.
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during the development of the fire, the temperature reached
the lethal temperature, and the CO did not reach the lethal
volume fraction. So this time, the study takes temperature as
the research object. As shown in the Figure 36, the fitting
curve of the evacuation situation of the regions 1–12 and the
temperature change situation. At the 182 s, 15 pedestrians in
the region 1–12 because the temperature of the region
reached 129.1°C and the evacuation coefficient became 0.
(at is to say, the 15 pedestrians lost their mobility and
entered a comatose state. Without considering any rescue,
when t� 186 s, according to the data in Table 11, it can be
considered that the temperature reached the lethal state, and
these 15 pedestrians went from a severely injured coma to a
dead state. According to the information in Table 19, it can
be judged that the fire accident is a major accident.

5. Conclusions

(1) Compared with traditional research methods, the
evacuation time of the evacuation model under the
influence of fire products is longer, and the speed of

the evacuation will change with time until the
evacuation fails. (is method is closer to the evac-
uation result of pedestrians in a real fire sceneIt can
be close to the evacuation result of people in the real
fire scene.

(2) (e spray intensity has little effect on the speed
coefficient. In the early and mid-term of the fire, the
smaller the spray intensity, the greater the irritation
to the human body. (is is because the presence of
spray leads to a slower temperature rise, which will
have a positive effect on evacuation. In the later stage
of the fire, the greater the spray intensity, the weaker
the influence of the fire products, the longer it takes
for the speed coefficient to return to zero, and the
more time the personnel will have to escape from the
fire.

(3) (e smoke exhaust rate has a significant effect on the
speed coefficient. (is is because the presence of
smoke can bring out the fire smoke and high-tem-
perature heat plume, reducing the impact of fire
products in the early stage. In the later stage of the
fire, the higher the smoke exhaust rate, the more
evacuation time is available for personnel, and the
effect of smoke exhaust on evacuation is far better
than spraying.
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