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Abstract Fire is one of the most common disasters that
threaten the safety of the crowd in metro stations. Due to
the variations in the design of metro stations, the hazard
posed by the spreading products of the fire can pose dif-
ferent risks. The typical structures of metro stations in
Guangzhou and Washington, D.C., are very different from
each other. In Washington, D.C., the “high-dome” struc-
ture is predominant in the construction of metro stations,
while in Guangzhou, most metro stations have the “flat
ceiling” structure. In this article, a numerical modeling for
fire dynamic simulation is used to predict and compare the
spreading characters of fire products (the smoke height
change, the temperature distribution and the visibility
change) when fires with 2.5 MW heat release rate occur in
the platform center and at the platform end in the two kinds
of metro stations. The results show that, in the same fire
scenario, the lowest smoke heights monitored in the
Guangzhou model is 0.6 m (fire at the platform end) and
0.8 m (fire in the platform center) above the safe smoke
height in 360 s after a fire breaks out, while it is 6.15 m
(fire in the platform center) and 6.2 m (fire at the platform
end) above the smoke height in the Washington model. The
temperature increment in the Guangzhou model is 23 °C
(fire in the platform center) to 29 °C (fire at the platform
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end) in 360 s after the fire breaks out, while the tempera-
ture increment in the same period in the Washington model
is 8.5 °C (fire at the platform end) to 9 °C (fire in the
platform center). The visibility of most areas on the plat-
form of the Guangzhou model is about 1 m no matter the
fire is in the platform center or at the platform end at 360 s
after the fire begins, while in the Washington model, the
visibility of most areas is 1.5-13.5 mm (fire at the platform
end) to 4-14 m (fire in the platform center) at the same
moment. Based on the results, the environment is worse
when the fire happens at the end of the platform than that
when the fire happens in the platform center of the
Guangzhou model. While the fire location has fewer
impacts on the smoke height, temperature, and visibility in
the Washington model, metro stations with a high-dome
structure can be beneficial to fire evacuation safety; how-
ever, the construction cost can be high. Metro stations with
flat ceiling are widely used in more cities for it has lower
construction cost; to compensate for its weaker abilities
under fire conditions, it is suggested that smoke exhaust
systems should be carefully and fully considered.

Keywords Metro station - Fire dynamic simulation - Fire
products - Spreading characters - Smoke spread -
Numerical modeling

1 Introduction

With rapid urbanization, more and more urban rail transit
systems are under construction or in planning; this phe-
nomenon is especially common in fast-developing countries.
As an important part of the urban rail transit system, metro
stations have attracted significant attention from both the metro
system managers and researchers. They are most concerned
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about how to ensure the normal operation of the metro station
and the evacuation of the crowd in emergency conditions.

According to the previous statistics of historic accidents,
fire is one of the biggest and serious threats to metro sys-
tems, with the metro stations included [1]. Once a fire
breaks out in a metro station, the high temperature, toxic
gas, and smoke will not only affect the structure of the
station but also may cause a significant loss of life [2].
Death is usually caused by poisoning or hypoxia from
smoke and toxic gases produced by fire, and the smoke will
also reduce the visibility along the evacuee’s path, thus
prolonging the exposure time to toxic gases [3].

The information of several significant fires that occurred
in metro stations around the world is listed in Table 1. As
can be seen from Table 1, fires that happen in metro sta-
tions can result in a large number of deaths and injuries. As
for the reasons of the injuries and fatalities, exposure to
smoke, toxic gas, and high temperature are the three main
reasons according to the summary of historical fires [9, 10].

Previous research related to fires that happen in metro
stations has been carried out by researchers from all around
the world. By using a heptane pool (heat release rate
1.5 MW) located in a subscale tunnel model, Blanchard
et al. [11] revealed the relationship between the heat flux
received by the ceiling and the critical velocity. Numerical
simulation and field test was carried out by Zhu et al.
(2017) to estimate the effect of different ventilation con-
ditions under fire conditions of a metro tunnel, and the
position with most unfavorable smoke conditions for pas-
senger’s life safety was discussed as well [12]. Three full-
scale model experiments were conducted in a unidirec-
tional metro tunnel by Weng et al. [13]. By establishing a
reduced-scale metro station model, Meng et al. [14]
investigated the smoke temperature beneath the tunnel
ceiling for a train on fire as it stopped at the side of a
subway station platform. A reduced-scale subway station
model was used by Giachetti et al. [15] to study smoke
spreading, and the influence of the number of subway
station openings and the ventilation volumetric flow rate
were analyzed according to the data obtained by the model.

Due to the high costs of experimental tests, numerical
modeling has also been used to study the fires that happen
in metro stations. Computer software including Fire

Dynamic Simulator (FDS), Fluent, Consolidated Fire and
Smoke Transport (CFAST), and AIRPAK have been
widely used for fire simulation. By using FDS, metro sta-
tion fire simulations were carried out by Meng, N and Hu
et al to study the effectiveness of different ventilation
modes under the condition of fire that happens in a train
that is stopped in a subway station (2014) [16]. FDS soft-
ware was adopted by Zhao et al. (2016) to study the effects
of different ventilation modes on the smoke spreading in a
subway station with a unique structure after fire breaks out
[17]. Yuan et al. [18] came up with an optimization method
for the ventilation condition of a subway side platform by
using the software AIRPAK. Wang et al. [19] studied the
smoke spread of a fire occurring on the subway platform by
using software Fluent and FDS. In general, numerical
simulation has become more and more popular for its low
cost and efficiency.

As identified above, a lot of research related to the fire
that happed in the metro station has been carried out.
However, a comparison of fires that happen in metro sta-
tions with different structures and layouts has not been
reported. Understanding how the toxic and harmful sub-
stances produced by fire spread in metro stations with
different structures can be helpful for the structure design
of metro stations to be constructed. Besides, fire simulation
software has been widely used for research for its low cost
and accuracy. Fire models based on metro stations with
typical structures used in the metro system of Washington,
D.C., and Guangzhou Metro are established by using
PyroSim, a widely used fire simulation software. The
spread characteristics of the toxic gases produced by the
combustion will be compared and discussed. At last, the
more appropriate structure for metro stations to be built is
proposed when other factors like construction cost are also
taken into account.

1.1 Structures of Typical Metro Stations

1.2 Typical Station Structure of Washington, D.C.,
Metro System

The metro system of Washington, D.C., was opened to the
public in 1976. The metro system of Washington, D.C.,

Table 1 Significant fires in Date Location Causes Results
metro stations around the world
Death Injuries

Nov 23, 1984 Oxford Circus, London [4] Smoking materials 0 14
Nov 18, 1987 King’s Cross, London [5] Unburned match 31 100
Oct 28, 1995 Baku metro, Azerbaijan [6] Electrical malfunction 289 265
Feb 18, 2003 Daegu, South Korea [7] Arson 192 148
Feb 10, 2017 Tsim Sha Tsui, Hong Kong [8] Arson 0 19
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now has 91 stations, which are connected by 6 lines with a
total length of 188.3km. Most metro stations in the sub-
urban area of Washington, D.C., are elevated stations,
while underground stations are more common in urban
areas. Figure 1 shows a common structure widely adopted
in the metro system of Washington, D.C. The underground
stations of the metro system of Washington, D.C. usually
have a high and arched ceiling, i.e., a “high-dome”
structure, which is quite different from the common
structure of metro stations in other cities. The escalator and
staircase at the two ends of the platform are used to connect
the platform with a smaller terrace, where tickets can be
purchased. The terrace acts as the station hall of other
metro systems, but it is smaller than a regular station hall.
Most underground metro stations in Washington, D.C., use
the “island-style” platform as shown in Figure 1.

1.3 Typical Station Structure of Guangzhou Metro
System

The first rail line of Guangzhou Metro began to operate on
28 June, 1997. Guangzhou Metro already has 14 rail lines
with a total length of 478km after developing for more than
20 years. There are 257 metro stations connected by these
14 rail lines. Just like stations in Washington, D.C., most
metro stations located in the urban area of Guangzhou are
underground stations. The “two-layer” structure shown in
Figure 2 is widely used for underground metro stations in
Guangzhou.

As shown in Figure 2, metro stations with “two-layer”
structures are composed of two layers; they are the station
hall layer and the platform layer. For underground metro
stations, the station hall layer is usually the first layer
underground, and the station hall layer is connected with
ground/streets by exit/entrance. The platform layer is

Figure 1 “High-dome” structure widely used in stations of the metro
system of Washington, D.C.
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Figure 2 “Two-layer structures” most widely adopted in under-
ground stations in Guangzhou

below the station hall layer, and it is typically the second
layer underground. Usually, the station hall layer and
platform layer are connected by several escalators, eleva-
tors and/or staircases.

The typical platform layer for an underground metro
station in Guangzhou is shown in Figure 3. The “island-
style” platform is most common in the stations of
Guangzhou metro, and the platform screen doors (PSD) are
installed on both edges of the platform. Ventilation systems
are installed on the ceiling of the platform layer, which is
used for daily air renewal and smokes exhaust under fire
conditions. As shown in Figure 3, this kind of metro station
has a “flat ceiling”, as shown in Figure 3, which is quite
different from the “high-dome” structure widely used in
Washington, D.C.

2 Metro Station Fire Simulation Model

2.1 Simulation Software

FDS has been used by researchers to study fires in a variety
of buildings and occupancies, including high-rise buildings

[20], cinemas [21], high-speed trains [22], and metro sta-
tions [23]. PyroSim is a simulation software for fire

Figure 3 Typical metro station with “flat ceiling” in Guangzhou
(platform layer)
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dynamics with human—computer interaction and a graphi-
cal user interface. The software can quickly and conve-
niently build models and directly present the calculated
results in graphic and other visual forms, which has been
widely used. Thus, PyroSim was selected to establish fire
models for typical metro stations of Washington, D.C., and
Guangzhou in this article.

2.2 Dimension and Simulation Models of the two
Typical Metro Stations

When establishing the fire model of a typical Guangzhou
Metro station, the “flat ceiling” structure shown in Figure 3
was selected. The dimension of the Guangzhou Metro
station used to establish the model is shown in Figure 4.
The platform of this station is an “island-style” platform
with a width of 12 m. There are two 3.3-m-wide track areas
on both sides of the platform. The platform layer is 120 m
in length, 4.7 m in height, 18.6 m in width, and 120 m in
length, respectively. Platform screening doors (PSD) are
installed on the two edges of the platform.

The dimension of the typical station in Washington,
D.C., used to establish the fire simulation model is illus-
trated in Figure 5. As shown in Figure 5, the platform is
“island-style”, and there are track areas with 3.3 m width
on both sides of the platform. The platform is 0.98 m in
height, 12 m in width, and 120 m in length. The distance
between the surface of the platform (ground) and the
highest point of the tunnel is 8.45 m. It means the clearance
of the platform layer is 8.45 m.

Table 2 shows the information about the mesh infor-
mation of fire model established based on typical metro
station of Guangzhou and Washington, D.C. These two
models will be called Guangzhou model and Washington
model for short in the latter part of this article. To ensure
the accuracy of the simulation results, different cell sizes
were applied when meshing the models and the results
obtained from these models are compared. When some
mesh sizes are adopted, the model cannot complete the
calculation, i.e., non-convergence problem, this proves that

Station Hall Layer

v
. Ceiling of Platform
(With smoke exhaust vents)

wL'y

Platform

33m | 12m

3.3m

Figure 4 The dimension of the typical metro station in Guangzhou
used to establish the fire simulation model (cross section)
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Figure 5 The dimension of the fire simulation model based on the
typical station in the metro system of Washington, D.C. (cross
section)

these kinds of mesh sizes are inadaptable. Also, finer
meshes will lead to a long calculation time.

Reasonable mesh size should ensure the accuracy of the
calculation results and the calculation time should not be
too long. After multiple computational attempts and com-
parisons, the author found reasonable results can be
obtained by applying cell size presented in Table 2 to the
Guangzhou model and the Washington model, and the
calculation time is less than 10 h. Besides, after the models
have been meshed, the Mesh Alignment Test Function
provided by PyroSim is applied for the mesh verification to
ensure the models are well meshed.

2.3 Factors of Fire

Fire sources with different materials, different fuels, and
different factors such as heat release rate will have a sig-
nificant impact on the development of fire and the gener-
ation of smoke and poisonous gases. When establishing a
fire model, it’s very important to determine the right fuel,
material, and heat release rate for the fire source to be used
in the fire scenario. According to the reports, most histor-
ical fires that happened in metro stations are caused by
luggage or other items, for flame-resistant material are
mandatorily used for the station decoration and all other
equipment to be used in a metro station according to laws
or regulations [24].

The heat release rate of fire that happened in crowded
places ranges from 2.0 to 2.5 MW [25]. Thus, fires with a
heat release rate of 2.5 MW which is considered as the
most unfavorable condition are set in both the Guangzhou
metro station model and the Washington metro station
model.

After the heat release rate of the fire source is deter-
mined, the growth model is to be determined. According to
the report of Gunnar Heskestad et al. (1989), the heat
release rate will increase with time during the first stage
after the fire begins. The growth of heat release rate in this
stage can be illustrated by Eq. (1) [26].
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Table 2 Mesh information of the two typical stations’ fire dynamic simulation models

Division method

Number of cells Cell size

Model Mesh boundary length (m)
Guangzhou model x: 120 y: 18.6 z:4.7
Washington, D.C., model x: 120 y: 18.6 z:9.43

Uniform
Uniform

411,264
658,560

0.2941(x) x0.2952(y) x0.2938(z)
0.2143(x) x0.3796(y) x0.3813(z)

HRR = af? (1)

In the equation, HRR is heat release rate, kW; o, fire
growth factor, kW/sz; t, time after the fire breaks out, s.

In this article, the #* model (shown in Figure 6) which is
a non-steady fire growth mode is selected when establish-
ing the fire models. After the heat release rate reaches the
maximum value HRR,,,,, the growth of the heat release
rate will then enter the second stage. The heat release rate
will keep at the maximum value in the second state as
shown in Figure 6.

Different fire sources have different growth rates of heat
release rate, which can be illustrated by fire growth factor
o. The corresponding fire growth factor of different fire
growth rates can be found in Table 3. The growth rates of
the fire used in the Guangzhou model and Washington
model are assumed to be ultra-fast, and the value of fire
growth factor o will be 0.1878 according to Table 3.

From what has been discussed above, the heat release
rates of fires used in the models are 2.5 MW, with a fire
growth factor of 0.1878. By Eq. (1), the heat release rate of
the fire in the Guangzhou model and Washington model
will increase during the first 115 s after the fire begins and
then enter the steady stage. In both fire models for
Guangzhou Metro station and Washington, D.C., Metro
station, materials of the fire source are set to be poly-
urethane, whose composition is listed in Table 4.

HRR=HRR,

HRR=q f?

Heat release rate, HRR(kW)

First stage Second stage

Time(t)

Figure 6 The increase of HRR in the # fire model

Table 3 Different fire growth factors corresponding to the different
fire growth rates

Fire growth Slow Medium  Fast Ultra-fast

Growth factor («)  0.002931  0.01127 0.04689  0.1878

2.4 Fire Scenarios

When a fire happens in a real metro station, the location of
the fire is random and can be anywhere in the station. Fires
in both the Guangzhou model and the Washington model
are set to happen on the platform. As for the location of the
fire, fires that happen in the center of the platform and at
the end of the platform are considered when establishing
fire models for Guangzhou and Washington, D.C., Metro
stations. Figure 7 illustrates the fire locations on the plat-
form of metro station models.

2.5 Environmental Settings

Both the Guangzhou model and Washington model are
established based on their typical underground metro sta-
tions, and there is typically limited airflow in relatively
confined spaces like underground metro stations. Thus, it is
assumed that there is no airflow in the metro station of the
Guangzhou model and Washington model. Also, the orig-
inal temperature in the metro station of both models was set
to be 20 °C for the stations are equipped with air condi-
tioning systems. According to Jeon et al. (2011), the visi-
bility in a metro station in a normal building is usually
greater than 20 m when lighting is on and regarding
evacuee’s vision [27]. The maximum visibility on the
platforms of both models is set at 30 m in the metro station
of both models. For the models of the station in Guangz-
hou, the platform screening doors are set to be closed
during the simulation calculation process.

2.6 Established Model
The established models based on typical metro stations in
Guangzhou and Washington, D.C., are shown in Figures 8

and 9, respectively. The ceilings of the two models are
fully or partially removed for a better view of the inner
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Table 4 The material Species
composition of polyurethane
used in fire models Number of atoms 6.3
Width/2
Platform
Length/2

(@) fire in platform center

Width/2
Platform

Width/2

(b) fire at the end of the platform

Figure 7 Locations of the fires on the platform of Guangzhou model
and Washington model

structure of the station. The fire source (marked as a red
square) is located in the center of the platform.

The established model based on the typical structure of
Washington, D.C., Metro station is the same as the model
based on the typical structure of Guangzhou Metro station
except for the platform ceiling, the former metro station
model has a platform structure shown in Figures 1 and 5, in
the shape of “high dome,” while the Guangzhou model has
a platform layer structure shown in Figures 3 and 4, in the
shape of “flat ceiling”.

2.7 Location of the Monitoring Devices
2.7.1 Smoke Layer Height Detector

Smoke layer height detectors are installed in the estab-
lished models. The location of the smoke layer height
detectors is shown in Figure 10. Eight smoke layer height
detectors are installed at the same locations in the models
based on the station of the metro system of Washington,
D.C., and Guangzhou Metro station. The serial numbers of
these eight smoke layer height detectors are shown in
Figure 10. The smoke height change at these locations can
be monitored and recorded during the entire simulation
process.

2.7.2 Thermocouples

Eight thermocouples are installed 1.7 m high above the
platform in both Guangzhou models and Washington

@ Springer

models. The locations of these thermocouples are shown in
Figure 11. The thermocouples provide data related to the
temperature change throughout the simulation period.

2.7.3 Temperature and Visibility Slices

Slices in PyroSim allow contours of temperature and vis-
ibility to be exported as outputs of the simulation. To make
a comparison between the models of the different metro
stations, temperature and visibility slices were added to
both models. The temperature slices were installed at the
safety smoke heights of the two models, and they are
1.945 m in the Guangzhou model and 1.8 m in the
Washington, D.C., model. The visibility slices were
installed 1.6 m above the floor of the platform in both
models, for the average height of women in most countries
is around 1.6 m according to Wikipedia [28].

3 Results and Discussion
3.1 Smoke Height Change

In the event of a fire occurring in a relatively enclosed
space, the smoke generated by the fire will first accumulate
at the top of the space and gradually decrease with time
[29]. Passengers can be safely evacuated only under the
condition that the smoke height is always above the safety
height during the whole evacuation process. Otherwise,
passengers in the evacuation process will be more or less
affected by the smoke. Equation (2) proposed by Shi et al.
(2008) can be used for the calculation of the safety height
of smoke [30].

Hs = 1.6+ 0.1H (2)

In the equation, Hs is safety height of smoke (m). H,
interior space height of the building where fire happens, m,
for example, the height of a classroom or hall.

The height of the platform layer (clearances) in the
Guangzhou models is 3.45 m, so the safety height of smoke
on each platform is 1.945 m according to Eq. (2). How-
ever, the International Building Code (2018), which is
widely adopted in the USA, suggests the smoke layer must
not descend below 1.8 m above the highest walking surface
[31]. Thus, the safety height of smoke for the metro station
models of Washington, D.C is set as 1.8 m.

Figures 12 and 13 illustrate the smoke height change
during 0-360 s in the Guangzhou model and Washington
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Figure 8 The established
model based on the typical
metro station in Guangzhou (flat
ceiling removed)

Figure 9 The established
model based on the typical
metro station in Washington,
D.C. (high-dome ceiling
partially removed)

Figure 10 Locations of the two smoke layer height detector

smoke layer height detectors #1 40 #3 44 45 46 #7 48
(not to scale) i

e P P P

|4——N——>
15m 15m 15m 15m 15m I5m 15m

Floor of Platform

model, respectively. As shown in Figure 12a, b, the smoke safe height of smoke (1.95 m) is about 0.8 m and 0.6 m,
height varies between 2.75 and 3.45 m when the fire respectively.

location is in the platform center, while the smoke height A similar result is observed for the model based on the
varies between 2.55 and 3.45 m when the fire location is at ~ typical Washington, D.C., Metro station. As shown in
the end of the platform. The lowest smoke height to the = Figure 13, the lowest smoke heights are both around
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Figure 11 Locations of the
thermocouples (not to scale)
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(a) fire in the platform center

Figure 12 Smoke height change of Guangzhou model

7.85 m when the fire is located in the platform center and at
the end of the platform. The lowest smoke height to safe
height of smoke 1.8 m is about 6.15 m when the fire is on
the platform center, while its 6.2 m when the fire is at the
end of the platform.

It can be seen that when the same fire breaks out in
metro stations of Guangzhou and Washington, D.C., it
takes more time for the smoke height to drop below the
safe smoke height in the Washington, D.C., station. This
means passengers in Washington, D.C., Metro stations will
have more time to escape before the smoke height becomes
too low under the same fire condition. These simulations
did not include the operation of the smoke exhaust system
which could result in different available safe evacuation
times. To make the smoke height drop slower in the typical
metro station in Guangzhou, more powerful smoke exhaust
equipment should be installed.
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3.2 Temperature Change

The monitored temperature change of the thermocouples
during 0-360 s in the Guangzhou model and Washington
model is shown in Figures 14 and 15, respectively. The
highest temperature monitored in the Guangzhou model is
about 43 °C when the fire is located in the platform center,
while the highest temperature is about 49 °C when the fire
is located at the end of the platform. It means the maximum
temperature increment monitored is 23-29 °C in the set
scenario of the Guangzhou model.

As can be seen from Figure 15, the temperature of the
thermocouples in the Washington model shows a rising
trend during the whole calculation process. The highest
temperature monitored in the condition fire locates in the
platform center is about 29 °C, while the highest temper-
ature is about 28.5 °C when the fire is located on the end of
the platform. The maximum temperature increment moni-
tored is 8.5-9 °C, which is much lower than that in the
Guangzhou model.
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Figure 13 Smoke height change of Washington model
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Figure 14 The temperature change of the Guangzhou model

Figure 16 illustrates the temperature on the slices 1.8 m
above the platform floor in the Guangzhou model at the
time 360 s after the fire begins. When the fire is located in
the platform center of Guangzhou model, the highest
temperature 40 °C appears in the areas of the platform
center and the two ends of the platform. When the fire is
located at the end of the platform, the highest temperature
close to 50 °C appears at the end of the platform where the
fire is located.

Figure 17 shows the temperature on the slice 1.945 m
above the platform floor at 360 s after the fire breaks out in
the station of Washington model. It shows the temperature
in most areas of the platform is approximately 22-28 °C
when the fire is located in the platform center, while the
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temperature ranges between 23 and 30 °C when the fire is
located at the end of the platform.

In general, the temperature in the station of Guangzhou
model is much higher than that in the station of Wash-
ington model. This is because the room of the station of
Washington model is much bigger than the station of
Guangzhou model, it will need more heat to raise the
temperature. As discussed before, lower temperatures will
benefit the evacuation of passengers. It indicates that the
metro station with a “high-dome” structure like the typical
station in Washington can provide a safer evacuation
environment when fires with the same scale break out.
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Figure 15 The temperature change of the Washington model
Figure 16 Temperature slice tigp

1.8 m above the platform floor
at 360 s of Guangzhou model

(unit: °C)
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Figure 17 Temperature slice
1.945 m above the platform
floor at 360 s of Washington
model (unit: °C)
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(a) fire in the platform center

(b) fire at the end of the platform

3.3 Visibility Change

To ensure that evacuation routes can be seen under fire
conditions, evacuation guide signs are typically installed in
metro stations. In the event of a fire, the visibility in a
metro station will be reduced by smoke. According to the
Chinese Code for the Design of Metro System (GB
50157-2013), visibility of 10 m should be guaranteed
during a fire that happens in a metro station. Figure 18 and
Figure 19 illustrate the visibility on the slices 1.6 m above
the platform floor at 180 s and 360 s after fire breaks out in
the Guangzhou model.

Figure 18 shows that when the fire breaks out in the
platform center or at the end of the platform, the visibilities
1.6 m above the two sides of the platform floor at 180 s are
both 1.0-10 m, which is well below the requirement of
10 m visibility. It can be seen from Figure 18a that the

visibility at the two ends of the platform is much lower than
the visibility in the center area. This is caused by the
“ceiling effect”, the smoke will gather at the ceiling first
and generally spread in the direction to the two ends of the
platform after the smoke reaches the two ends of the
platform, and more smoke will accumulate at the area
above the end of the platform, thus making the visibility at
the two ends of the platform very low, while when the fire
is located at the end of the platform, the visibility is lower
in the part of the platform which is close to the fire, as
shown in Figure 18b.

As shown in Figure 19, the visibilities of all areas 1.6 m
above the platform at 360 s after fire breaks out are
approximately 1.0 m no matter the fire is located in the
platform center or at the ends of the platform in the
Guangzhou model.
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Figure 18. Visibility slice

1.6 m above the platform floor
at 180 s of Guangzhou model
(unit: m)
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Figures 20 and 21 show the visibility on the slices 1.6 m
above the platform floor 180 s and 360 s after the fire starts
of the Washington, D.C., model. Figure 20 shows the
visibility at the height 1.6 m above the platform at 180 s is
about 29 m in most areas of the platform when the fire is
located in the platform center, while it is about 28.5 m
when the fire is located at the end of the platform.

Figure 21 shows the visibility 1.6 m above the platform
floor 360 s after the fire breaks out. Most areas of the
platform have visibility of approximately 4-14 m as shown
in Figure 21a when the fire is located in the platform
center. When the fire is located at the end of the platform,
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the visibility at the platform in most areas is 1.5-13.5 m
except the areas close to the fire.

The visibility decreased slower in the model based on
the Washington, D.C., Metro station. At 180 s after the fire
starts, the visibility in most areas of the Guangzhou model
is among 1.0-10 m, while the visibility in most areas of the
Washington, D.C., model is around 29 m or 28.5 m
depending on the fire location. At 360 s after fire breaks
out, the visibility in most areas of the Guangzhou model is
quite low, approximately 1 m in most areas, while the
visibility in most areas of the Washington, D.C., model is
approximately 4.0-14 m or 1.5-13.5 m which depends on
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Figure 19 Visibility slice

1.6 m above the platform floor
at 360 s of Guangzhou model
(unit: m)
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the fire location. Thus, passengers in the station with higher
clearance can have more available time to evacuate before
conditions become untenable.

4 Conclusions

Simulation models of fires on the platform of metro sta-
tions in Guangzhou and Washington, D.C., were studied.
The two metro stations used for the scenarios have typical
structures which are widely used in the metro system of
Guangzhou and Washington, D.C. Results listed below are
obtained by the simulation analysis:

The lowest smoke heights monitored in the Guangzhou
model are 0.6 m (fire at the platform end) and 0.8 m
(fire in the platform center) above the safe smoke
height at 360 s after the fire breaks out, while it is
6.15 m (fire in the platform center) and 6.2 m (fire at
the platform end) above the smoke height in the
Washington model. It indicates that the time required
for the smoke layer to descend in the lower ceiling case
was nonlinear to the difference in ceiling height; the
smoke layer descended faster than for the high ceiling
condition.

The temperature in the platform layer of the Guangz-
hou model increases more quickly than that in the
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Figure 20 Visibility slice

1.6 m above the platform floor
at 180 s of Washington model
(unit: m)
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(b) fire at the end of the platform

Washington, D.C., model after fire breaks out. The
temperature increment in the Guangzhou model is
23 °C (fire in the platform center) to 29 °C (fire at the
platform end) at 360 s after the fire breaks out, while
the temperature increment in the same period in the
Washington model is 8.5 °C (fire at the platform end)
to 9 °C (fire in the platform center).

3. In the same fire condition, the visibility decreases
slower in the Washington, D.C., model. The visibility
of most areas on the platform of the Guangzhou model
is about 1 m no matter the fire is in the platform center
or at the platform end at 360 s after the fire begins,
while in the Washington model, the visibility is
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4-14 m (fire at the platform end) to 1.5-13.5 m (fire
in the platform center) at the same moment.

As discussed above, the environment is worse when the
fire happens at the end of the platform than that when the
fire happens in the platform center of the Guangzhou
model, while the fire location has fewer impacts on the
smoke height, temperature, and visibility in the Washing-
ton model. A metro station with higher clearance can
provide a safer evacuation environment when a fire breaks
out. While the metro station with a higher ceiling provides
more available safe egress time, higher ceilings may not
always be the best option. Underground stations with
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Figure 21 Visibility slice

1.6 m above the platform floor
at 360 s of Washington model
(unit: m)
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VIS_C0.9H0.1
(m)

(b) fire at the end of the platform

higher clearances will require higher construction costs.
The right construction structure of a metro station should
also consider the cost, the geology, and the other related
factors. If it is not feasible to build underground stations
with higher clearance, other auxiliary measures, such as
smoke exhaust systems, should be added to prolong the
evacuation time of passengers.
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