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Summary 

This report summarises the work of Work Package 4 (WP 4), which is the part of the 
METRO project that focus on investigating the performance of various smoke control 
systems for use in underground stations having only one exit (the evacuation exit) to ground 
level. Two different smoke control systems, with two different configurations, were 
investigated, based on the results of a study of the literature:   

 A pressurizing (positive pressure) supply air system; 

 A pressurizing (positive pressure) supply air system, with platform screen doors; 

 A mechanical exhaust air system, with extraction fittings above the track area; 

 A mechanical exhaust air system, with platform screen doors. 

Simulations were performed using FDS (Fire Dynamics Simulator, v 5.5.3), and investigating 
two different heat release rates, 20 MW and 60 MW. The calculations have investigated the 
conditions occurring at maximum heat release rates. All train doors on the fire-affected train, 
and doors from the escalator shaft bottom lobby to both the platforms have been assumed to 
be open. The criterion in the simulations was that the escalator bottom lobby must be kept 
clear of smoke. 

The results show that both the pressurizing supply air system and the mechanical exhaust 
air system provide effective smoke control. Two fires were simulated: a 20 MW fire and a 
60 MW fire. In the simulation three cases where studied, one without a platform screens, one 
with platform screens on the fire-affected side, and another one with platform screens on 
both sides with a dense construction on the non-affected side. A pressurizing supply air 
system requires an air flow of 20–40 m3/s for a 20 MW fire, and 40–80 m3/s for a 60 MW 
fire depending on the openings in the platform screens. A mechanical exhaust air system 
requires considerably higher air flows: 75–100 m3/s to deal with the 20 MW fire, and 
180 m3/s for the 60 MW fire. The temperatures on the platform with the burning train range 
between 140 °C and 500 °C at a height of 2–3 m at the doors to the escalator bottom lobby. 

The advantages of a positive-pressure supply air system are a relatively simple installation 
and a lower requisite flow capacity of the fans. The disadvantage is that the smoke is not 
dispelled, but can spread to the other platform of the station and even to the next station. 
The advantages of a mechanical exhaust system are that the hot smoke is removed, and that 
the spread of smoke is restricted to the platform directly exposed to the fire. 

Disadvantages include the need for a duct system (which requires space) and considerably 
higher fan capacities.  
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1 Introduction 

Research into fire and underground facilities has increased enormously during the last ten 
years, with the main focus having been on fire and human behavior. In buildings or other 
types of construction work there should always be a possibility of two-way escape exits. A 
number of metros in Europe today have stations with only one exit. The purpose of the work 
presented here is therefore to analysis specific problems in metros with single-exit stations 
and to investigate smoke control systems in such stations. A fire in a single-exit station could 
be catastrophic, since the only way out could be blocked by the fire. One alternative to a 
second exit, which in existing cities could be very expensive and complicated, is a smoke 
control system combined with extinguishing system which secure the only exit. The purpose 
of the smoke control system is to remove smoke or to clear the exit from smoke to secure 
evacuation. The WP 4 has therefore focused on different systems for smoke control systems 
for single-exit stations. Input data has been provided by the results of the full-scale 
experiments performed in WP1, combined with results from performed model tests. 

1.1 Method 

The project was started with a study of the literature relating to smoke control systems in 
underground installations having only one emergency evacuation route. The results were 
presented to, and discussed with, scientists working on the project. Based on these 
discussions, two smoke control systems were selected for more in-depth analysis by CFD, 
using heat release rate input data based on results from WP 1. 

The simulated model is that of an underground railway station with only one exit: it is 
closely based on Zinkensdamm’s station on the Stockholm underground. The input data for 
the simulations includes results from 1:20 model-scale trials carried out as part of the 
FORMAS project, which were performed at SP in Borås. About 30 simulations were run, but 
only eight are presented in this report. The reason for the large number of runs was to 
attempt to optimize the air flow rate in relation to the heat release rate and to the criteria that 
had been applied. 

The report describes various arrangements of smoke ventilation systems, and 
determination of the necessary capacities to deal with two different fires. 
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1.2 Literature survey 

The aim of the literature study was to find information on different smoke control systems in 
underground facilities for rail-borne traffic, at both national and international levels. First and 
foremost solutions relating to single-exit stations were examined. Only one article was found 
within this field. It described a safety system for a single-exit station including sprinklers, fire 
cell separations, pressurization of the escalator tunnel and smoke abstraction 
– specifically for the Zinkensdamm underground station. 

The literature study shows that there have been two principles of smoke control systems 
in underground stations: thermal and mechanical smoke ventilation, with mechanical 
ventilation being the most common. The drawback of thermal smoke ventilation is that it is 
sensitive to air currents and that evacuation routes from the underground station can become 
smoke-filled. Mechanical smoke ventilation can be arranged in various ways: by positive-
pressure pressurization, by exhaust air abstraction over the track area, or by use of the tunnels 
themselves as exhaust air routes. A further way of improving the situation in a fire in an 
underground facility is to utilize platform-edge screens, which provide additional separation 
with openings aligned with the train doors. The prime purpose of platform screen doors is to 
improve comfort and environmental conditions for passengers, in terms of reducing 
particulates and elevated temperatures, but they might also contribute to improved fire 
protection.  

1.3 Model scale tests 

Model scale experiments were carried out in SP’s facilities in Borås, using a model of an 
underground station with only one exit. The model was about 12 m long and about 1 m wide, 
on a scale of 1:20. It was based on the Zinkensdamm underground station in Stockholm, 
which provides a good example of an underground station with only one entrance/exit and 
two platforms linked to each other at one point via a platform-level stairwell/escalator lobby.  

The purpose with the model scale tests is to examine the effectiveness of various smoke 
control systems and to receive input data to the CFD modeling. The model consisted of two 
platforms and two track areas, in one of which latter the fire was simulated. An inclined 
tunnel, representing the escalator shaft, was connected to the platforms. The trials also 
included platform screen doors to separate platform and track areas. The two smoke 
ventilation methods that were used were pressurization via the escalator shaft, powered by a 
fan, and an exhaust air system above the tracks. In the pressurization trial, air was blown 
down the escalator shaft and into the platform-linking lobby at the bottom. From here, it was 
discharged via the two door openings on each side to the two platforms. In a few cases, one 
of the doors to the platform not exposed to the fire was shut: in the other cases, all four 
doors from the escalator bottom lobby were open.  

The results showed that both smoke control systems works to prevent smoke from 
entering the lobby and escalator shaft. The criterion was the temperature increase in the 
lobby. The experiment showed that the thermocouples were affected by conduction through 
the model construction which was made of stainless steel. The higher fire effects were 
problematic because the exhaust ducts became very hot and were close deformation.  
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Figure 1. The experimental set-up. 
The connections to the exhaust air system can be seen at the rear. 

1.4 Experimental set-up 

Figure 2 shows a schematic representation of the test set-up, with the escalator bottom lobby 
opening into the platform area through four open doors. The platform area consists of the 
passenger platforms and the tracks. The train with the fire was assumed to be standing at one 
of the platforms.  

 

Figure 2. Schematic diagram of the test set-up. 
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Figure 3. Photo of the test set-up. 

The exhaust air extraction points were positioned in the roof above one track (see Figure 2–
3). The supply air fan in the first trials (pressurization) was connected to the upper part of the 
escalator shaft. There were a total of four doors in the escalator/stairwell bottom lobby, with 
two opening to each platform. The door sizes were 0,1 x 0,12 m. Air flows and temperatures 
were measured at various points in the model. 

1.5 Results from the model scale tests 

The results showed that both smoke control systems works to prevent smoke from entering 
the lobby and escalator shaft. The criterion was the temperature increase in the lobby. The 
experiment showed that the thermocouples were affected by conduction through the model 
construction which was made of stainless steel. The higher fire effects were problematic 
because the exhaust ducts became very hot and were close deformation. 

During the experiments, it was found that the flow measurements were unclear; there were 
some uncertainty with respect to the flow measurement results (which was later confirmed 
with the CFD simulations). But an assessment of the results, converted to a full scale 
situation, shows that a pressurizing supply air system for a 20 MW requires a minimum of 20 
m3/s and with a 60 MW fire about 30 m3/s. With mechanical exhaust air system (converted 
to full scale) 50 m3/s is required at 20 MW fire and 100 m3/s with the 60 MW fire. These 
values were used as very rough initial values for the CFD simulations. The later performed 
CFD simulations show that the flow measurements in the model tests were probably 
underestimated. But the model scale tests worked as a good foundation and a good 
complement to CFD-calculations. In the experiments, it was found that at low air flow rates 
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the conditions were under ventilated. These conditions cannot be replicated in the CFD 
model.  

1.6 CFD – The FDS Fire Dynamic Simulator 

CFD (Computational Fluid Dynamics) is a method in which computer programs are used to 
provide numerical solutions to a large number of equations defining positions or geometrical 
volumes over a specified period of time. Several commercial programs are available: FDS is 
one of the commonest for fire problems. It has been developed by the American National 
Institute of Standards and Technology (NIST) which, since 2000, has distributed the Fire 
Dynamics Simulator (FDS) CFD model as free software via its web site. Today, FDS, which 
is being continuously developed, has reached Version 6. It was created to be a means of 
solving practical fire engineering problems, but is also used for investigation of fundamental 
fire dynamics and combustion. In the simulations version 5.5.3 were used. 

In FDS, the total calculation volume is divided into a large number of cells, or grids, for 
which the selected continuity equations are solved. These cells are generated as cubes or 
rectangular bodies which, in the normal case, are of the same size. In this case, a grid size of 
0,20 x 0,20 x 0,20 m was used. 

1.7 Acceptance criteria 

In all fire protection technical projects, it is necessary at an early stage to decide what is to be 
achieved. In this particular case, the initial criterion has been that the escalator bottom lobby 
must be kept clear of smoke. Other criteria could be considered: e.g. to keep the escalator 
shaft clear of smoke, or limiting the temperature on the platform to some maximum value, or 
maintaining a certain minimum visibility. The choice of criteria will affect the design and 
capacity of the smoke control system.  

1.8 Limitations  

The calculations have investigated only two fully developed fires. Maximum heat release rate 
is achieved after one minute. The simulations have not considered air currents caused by 
external factors such as wind, train movements, or differences in temperature or height 
(chimney effects) in the tunnel system. The effects of such factors need to be considered 
from case to case. The simulations have not considered the whole tunnel system. The 
platform screens were placed 0,8 m from the train due to simulation reasons.  
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2 Model description 

In the same way as in the model trials (Nyman, Dittmer, Lönnermark, & Gehandler, 2012), 
the model takes the Zinkensdamm underground station in Stockholm as its basis. The station 
has two platforms, 164 m long and 4,4 m wide. The two platforms are connected via the 
escalator bottom lobby, with two doors, 2,0 x2,4 m, to each platform, i.e. a total of four 
doors (see Figure 4). The inclined escalator shaft opens into the lobby with a cross-sectional 
area of 7,2 x 4,0 m. The vertical rise from the lobby level is about 10,0 m. The train consists 
of three cars, each 50 m long and 3,0 m wide. The track zone is 3,6 m wide, at a level of 
1,4 m below platform level. All train doors on the train with the fire are assumed to be open: 
door size is 2,0 x 2,4 m. Both platform tunnel sections merge on each side of the station: the 
two platforms are thus joined via the shared tunnel section.  

 

Figure 4. Schematic picture of the CFD model. 
Platform screen doors (yellow). For clarity, certain walls are not shown in the 
picture.  
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The train (blue) is behind the yellow platform-edge screen. The fire is in the carriage closest 
to the escalator bottom lobby (also blue). All the doors to the lobby are assumed to be open 
on both platforms, and all the train doors are also open. In the pressurization cases, air flow 
is assumed to be evenly distributed across the upper part of the section of the escalator shaft 
(see Figure 5). 

Simulations with two different platform screen configurations were carried out. One with 
a platform screen on the fire side (as in Figure 6) corresponding to a worst case scenario. The 
other configuration included two screens with a totally sealed platform screen on the non-
fire-affected side. 

 

Figure 5. The area where the supply air flow is simulated in the upper part of the 
escalator shaft. 

The supply air flows were varied between 20–100 m3/s in the cases with and without 
platform screen doors. The exhaust air cases simulated ten 1 m2 extraction points above the 
track area (see Figure 6).  
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Figure 6. Ten exhaust air extraction points above the track area. 
Each extraction point has an area of 1 m2. 

The configuration with two platform screens is shown in Figure 7. 

 

Figure 7. The exhaust air system with two platforms screen. 

The air velocity in the simulations was varied, with the total air flows ranging from 30 m3/s 
to 180 m3/s. 

2.1 Heat release rate 

The fire was assumed to be in one half of the central carriage, with an area of 24 m2 (Figure 
6) based on the model scale tests. In the simulations it was only the maximum heat release 
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rate that was investigated. In the model, the fires were assumed to reach their maximum heat 
release rate after one minute, 20 MW and 60 MW respectively. With the model this 
corresponds to specific heat release rates of 833 kW/m2 and 2500 kW/m2 for the two fires. 

2.2 Grid and simulation duration 

The grid size used in the whole model was 0,20 x 0,20 x 0,20 m. For the purposes of the 
calculations, the model was divided up into a number of larger volumes (known as the mesh), 
in order to optimize the calculations (in some cases there were 14 volumes in one simulation). 
The simulation durations varied from 600 to 960 seconds. 

2.3 Smoke control systems 

Based on the results from the literature study, two different smoke control systems were 
investigated, in two different configurations:  
 

 A pressurizing supply air system. In this, the escalator shaft and bottom lobby are 
pressurized, with the two doors to each platform assumed to be open. Variations on 
this system exist today in various places around the world. The aim of the system is to 
keep the bottom lobby and the escalator shaft free of smoke. Earlier investigations 
have shown that the temperature on the fire side (the platform with the burning train) 
and the air velocity through the open doors are crucial for operation of the system. 
The pressurization can be delivered in practice by fans installed in the escalator shaft. 

 

 A pressurizing supply air system with platform screen doors. This system is the same 
as above, but with the addition of platform screen doors.  

 

 A mechanical exhaust air system, with extraction points above the track area. This 
system is based on the principle of removing as great quantities of smoke as possible 
and reducing temperatures as much as possible, so that conditions in the escalator 
bottom lobby and in the escalator shaft are not affected.  

 

 A mechanical exhaust air system with platform screen doors. The same as above, but 
with additional separation. 
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3 Results 

The results of the simulations are described below. Only the boundary cases – i.e. the air 
quantities needed in order to keep the escalator bottom lobby free of smoke – are described. 

3.1 Positive-pressure air supply system 

The air is supplied via the escalator shaft. The model has assumed a uniform flow across the 
full cross-section of the shaft. Air is blown down the shaft and then on to the two platforms 
via the open doors in the shaft bottom lobby. 

 

Figure 8. The conditions four minutes after the 20 MW fire reaches its maximum 

heat release rate. 
The smoke control system is a pressurizing supply air system, with a capacity of 
40 m3/s, and the platform does not have platform screen doors.  
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Figure 9. The conditions about ten minutes after the 20 MW fire reaches its 
maximum heat release rate. 
The smoke control system is a pressurizing supply air system, with a capacity of 
40 m3/s, and the platform does not have platform screen doors. 

3.1.1 Pressurization without platform/track separation  

In the 20 MW case, the calculations show that 40 m3/s of incoming air is needed in order to 
keep the bottom lobby free of smoke. Figure 8 shows the conditions about four minutes after 
the fire has reached its maximum heat release rate. Figure 9 shows the conditions at the end 
of the simulation (11 minutes), corresponding to ten minutes simulation of maximum heat 
release rate. The incoming air also reaches its maximum delivery rate after one minute, and 
then remains constant.  

The simulations show that the smoke spread relatively quickly, not only to the platform at 
which the burning train is standing, but also out into the running tunnel and on to the other 
platform. The pressurizing air supply system does not expel any smoke, but simply moves 
them to other part of the tunnel system. The four doors from the escalator bottom lobby 
each have an area of 4,8 m2, giving an estimated average speed of about 2 m/s through each 
door. The highest temperatures, 3,2 m above the platform surface (see Figure 10) were 
measured as being about 200 °C. At a height of 2,4 m (the upper edge of the doors) the 
maximum temperature was measured at about 150 °C.  
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Figure 10. The positions of thermo-elements on the platform outside the door, 
at heights of 3,2 and 2,4 m above the platform surface.  

If, instead, a 60 MW fire is assumed, then 80 m3/s of pressurized supply air are needed in 
order to keep the escalator lobby free of smoke. In principle, the smoke flows are the same as 
in the 20 MW case; spreading along the platform suffering from the fire, partly out into the 
running tunnels and partly over to the adjacent platform. In this case, the average speed 
through the open lobby doors is about 3,1 m/s. The temperature 3,2 m above the platform 
surface outside the escalator lobby in this case is about 440 °C, while the temperature at the 
upper edge of the door (2,4 m above the platform door) is about 270 °C. 

3.1.2 Pressurization with platform/track separation  

For calculation-associated reasons, the platform screens are assumed to be positioned 0,8 m 
away from the train in the model. In a real situation they would probably be closer. All the 
doors in the screen are directly aligned opposite the open train doors, and are assumed to be 
open. 

Two configurations are simulated. One with a platform screen only on the fire-affected 
side, and one configuration with platform screens on both sides. The one on the non-affected 
side is assumed to be dense. 

With a 20 MW fire, this case also requires 40 m3/s of supply air in order to keep the 
escalator bottom lobby free of smoke, i.e. the same flow rate with a platform screen on the 
fire-affected side as for the case of with no platform separation.  

In principle, the smoke is spread in the same way as in the cases not having platform 
screen doors. The presence of screens somewhat delays the spread of the smoke (compare 
Figures 8, 9 and 11).  
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In this case, the average air velocity through the open bottom lobby door is about 2,0 m/s, 
and the temperature about 3 m above the platform surface outside the lobby is about 210 °C. 
At the upper edge of the door (2,4 m above the platform surface), the temperature is about 
110 °C. 

In the case with two platform screens at both platforms the temperatures are in the same 
range as in the case with only one platform screen. But as expected the flow rate is reduced to 
20 m3/s since the non-affected side is completely sealed which corresponds do a velocity of 
approximately 2 m/s. 

For the 60 MW fire, a supply air system in conjunction with platform screen doors (on 
one side) requires 80 m3/s to keep smoke out of the escalator lobby. This gives a theoretical 
average air velocity through a door of 4,2 m/s. The respective temperatures were calculated 
as 280 °C (2,4 m height) and 490 °C (3,2 m height). 

 

Figure 11. The conditions four minutes after the 20 MW fire has reached its 
maximum heat release rate. 
The smoke control system is a pressurizing supply air system, with a capacity of 
40 m3/s, and the platform and track are separated by platform screen doors. 
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Figure 12. The conditions four minutes after the 20 MW fire has reached its 
maximum heat release rate. 
The smoke control system is a pressurizing supply air system, with a capacity of 
20 m3/s, and both platforms and tracks are separated by platform screen doors. 

 

Figure 13. The conditions four minutes after the 60 MW fire has reached its 
maximum heat release rate. 
The smoke control system is a pressurizing supply air system, with a capacity of 
40 m3/s, and both platforms and tracks are separated by platform screen doors. 

In the simulations with platform screens at both platforms (60 MW), the required air flow 
rate is 40 m3/s (see Figure 13). The respective temperatures were slightly lower, compared to 
the one-platform screen configuration, calculated as 230 °C (2,4 m height) and 380 °C (3,2 m 
height). Since the non-affected side is sealed the velocity over an open door is the same as in 
the case described in Figure 12, 4,2 m/s. 
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3.1.3 Discussion – supply air systems  

The simulations show that a pressurizing supply air system is a good way of ensuring safe 
evacuation conditions, keeping the escalator shaft and its bottom lobby free of smoke by 
means of a relatively simple fan installation. The necessary air velocity through an open door 
in order to protect the space on one side against the spread of smoke depends on the 
temperature on the hot side. Previous investigations have suggested correlations for 
calculating air velocities through open doors, and the simulations confirmed these 
assumptions. The lower heat release rate gives lower temperatures on the platform, with the 
result that lower air flows through the open doors can keep the escalator bottom lobby free 
of smoke. The simulations show that up to about 4 m/s is needed in the case of the larger 
fire (60 MW), which produces a resulting temperature of about 490 °C at the door top level. 
The same air flow capacity is needed whether there are platform screen doors or not.  

With platform screens on both sides and the assumption that the non-affected screen is 
dense the flow rate is reduced to 20 m3/s at 20 MW and 40 m3/s at 60 MW. The flow rate 
corresponds to the reduced openings (the doors) towards the non-affected side. 

Pressurizing air supply systems do not exhaust smoke and heat from tunnel systems, but 
drive it from one critical area to other, less critical, areas. A phenomenon that was shown by 
the simulations was the risk of the spread of smoke to the other platform: the amount of 
such spread depends on such factors as the design and geometry of the area where the two 
platforms meet. In certain cases, there are also pressure-relieving shafts that will affect the 
flow and spread of smoke. 

Summarizing, pressurizing air supply systems are a good alternative to improve the 
evacuation situation. Their advantages include relatively simple installation, which can be 
accommodated in, for example, existing stations. A disadvantage is that they spread smoke to 
other parts of the tunnel system and destroy the smoke layer on the platforms. If platforms 
screens are used, in one-tube systems where the platforms are connected through the tunnel 
as in this case, smoke spread between the platforms will be prevented.  

3.2 The mechanical exhaust air system  

The exhaust air system consists of ten 1 m2 openings above the track area, as shown in Figure 
6. The total air flow through the ten extraction openings in the model simulations was varied 
from 30 to 180 m3/s. The difference between the exhaust air system and the pressurizing 
systems is that is that the former carry away heat and smoke from the tunnel system.   

3.2.1 Exhaust air systems without platform screen doors  

For the 20 MW fire case, an extraction rate of 100 m3/s is needed in order to achieve the 
criterion of no smoke in the escalator bottom lobby. Figure 14 shows the conditions about 
four minutes after the fire has reached its maximum heat release rate. The spread of the 
smoke is limited to the one station tunnel, with the smoke not leaving the platform area. The 
platform temperatures close to the door are 150 °C at 3 m height, and 115 °C at 2,4 m height. 
The ten exhaust air openings are positioned above the train in the track area. 

The simulations show that the incoming air is drawn from both tunnel tubes and in via the 
open doors of the escalator foot lobby (see Figure 15). The approximate flow distributions in 
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this case are that 35 m3/s are drawn in via the two tunnels (a total of 70 m3/s), and 15 m3/s 
are drawn in from the escalator lobby. This gives a total flow of about 85 m3/s, while the 
exhaust air flow rate is 100 m3/s. The difference is accounted for by the density difference of 
the air at the higher exhaust temperatures.  

 

Figure 14. The conditions four minutes after the 20 MW fire has achieved its 
maximum heat release rate. 
The smoke control system is an exhaust air system, without platform screen 
doors, and with a capacity of 100 m3/s. Ten extraction openings, each of 1 m2 in 
size, are positioned above the train.  

 

Figure 15. The main flow patterns of the exhaust air system. 
Supply air is drawn in from both running tunnels and from the escalator lobby, 
and is removed via the ten exhaust air openings in the roof.  

Dealing with the 60 MW fire requires an exhaust air flow of 180 m3/s in order to prevent 
smoke from backflowing into the escalator lobby (see Figure 16). Smoke will also be 
prevented from spreading into the running tunnel from the ends of the platform.  
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Figure 16. The conditions four minutes after the 60 MW fire has reached its 
maximum heat release rate. 
The smoke control system is a mechanical exhaust air system, with a capacity of 
180 m3/s, and the platform and track are not separated by platform screen 
doors. 

In this case, the temperature about 3 m above the platform surface outside the lobby was 
about 320 °C. At the upper edge of the door (2,4 m above the platform surface), the 
temperature was about 150 °C. Most of the incoming supply air was drawn in from the two 
ends of the platform, in the same way as shown in Figure 3.8, with a smaller proportion 
coming from the escalator lobby. The actual quantities in this case were about 60 m3/s from 
each end and about 5 m3/s from the escalator lobby. 

3.3 Exhaust air system with platform / track separation  

In the mechanical exhaust air scenarios with platform screen doors, the simulations show that 
the necessary air flow to control the smoke from the two fires is the same, whether or not 
there are platform screen doors on one side. 

The 20 MW fire therefore requires 100 m3/s of exhaust air flow (see Figure 17 and Figure 
18). The proportions of incoming supply air is about the same as in the case without platform 
screen doors: 35 m3/s from each end of the platform, and about 20 m3/s from the escalator 
lobby. The temperature in this case was about 200 °C at a height of 3,2 m above the platform 
outside the lobby, and about 140 °C at the upper edge of the door (2,4 m above the platform 
surface), i.e. somewhat higher temperatures than in the case without platform screen doors. 
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Figure 17. The conditions four minutes after the 20 MW fire has reached its 
maximum heat release rate. 
The smoke control system is a mechanical exhaust system, with a capacity of 
100 m3/s, and the fire-affected platform and track are separated by platform 
screen doors. 

 

Figure 18. The conditions four minutes after the 20 MW fire has reached its 
maximum heat release rate. 
The smoke control system is a mechanical exhaust system, with a capacity of 75 
m3/s, and both sides are separated by platform screen doors. 
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Figure 19. The conditions ten minutes after the 60 MW fire has reached its 
maximum heat release rate. 
The smoke control system is a mechanical exhaust air system, with a capacity of 
180 m3/s, with platform screen doors on the fire-affected side. 

 

Figure 20. The conditions ten minutes after the 60 MW fire has reached its 
maximum heat release rate. 
The smoke control system is a mechanical exhaust air system, with a capacity of 
180 m3/s, with platform screen doors on both platforms. 

The 60 MW fire with platform screens on the fire-affected side requires an extraction air flow 
of 180 m3/s (the same as in the case without platform screen doors) in order to prevent 
smoke from getting into the escalator lobby. The system also limits the spread of smoke. The 
temperatures are somewhat higher with the screens, being 380 °C and 170 °C respectively. 

Figure 19 and Figure 20 shows the results of the 60 MW fire with platform screens on 
both sides. Also in this case 180 m3/s is required. The temperature in this case was about 
450 °C at a height of 3,2 m above the platform outside the lobby, and about 200 °C at the 
upper edge of the door (2,4 m above the platform surface), i.e. somewhat higher 
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temperatures than in the case without platform screen doors and with one platform screen 
door. 

3.3.1 Discussion – mechanical exhaust air system  

The simulations show that the mechanical exhaust air ventilation system is a good smoke 
control system for use in underground installations. A capacity of 100 m3/s is required for a 
20 MW fire, and 180 m3/s for a 60 MW fire without platform screen. With platform screens 
on both sides the air capacity with the 20 MW fires is reduced to 80 m3/s. But with the 
60 MW fire the same exhaust air flow rate is required with platform screens on both sides. In 
this case the presence or absence of platform screen doors does not affect the required flow 
capacity in order to prevent smoke from getting into the escalator lobby. 

The big advantage of the mechanical exhaust ventilation system is that the smoke is 
extracted from the tunnel system. In addition, only one platform is affected by smoke, and 
not two, as is the case when using the pressurized supply air system. Incoming air is drawn 
mainly from the tunnel tubes at each end of the platform, with a smaller amount from the 
escalator lobby. Mechanical exhaust ventilation systems are better at controlling the spread of 
smoke, but require higher air flow rates, more equipment and more space.  

3.3.2 Comparisons and observations 

The supply air system is probably easier to install in existing stations since it does not require 
any duct system. The system needs lesser air quantities than a mechanical exhaust system to 
keep the lobby smoke-free. But the supply air system does not extract smoke from the 
running tunnels which means that long lengths of tunnel can suffer from smoke. The 
simulations were done with and without platform screen on the non-affected side, the truth is 
probably somewhere in the middle. All the doors in the train and the platform were open in 
the simulations (during the evacuation). If they are automatically closed after an evacuation, 
the situation and the fire development will change. In this one-tube configuration there is 
smoke spread between the platforms without the platform screens. The platform screen 
reduces the fan capacities with the supply air system. But the supply air system causes a lot of 
turbulence on the platforms. 

With the exhaust system and the 20 MW fire and the platform screen reduces the air flow, 
but not in the 60 MW case. In case with the exhaust system, the smoke conditions on the 
platform gets worse with the platform screen on the fire affected side. (But our criteria was a 
smoke-free lobby, in this case) and the exhaust ducts are placed above the track area, not the 
platform area. In case of a failure, the big difference between the two smoke control systems 
is that the supply air system pollutes the fresh air. 

Table 1 presents a comparison of the advantages and disadvantages of the two different 
smoke control systems. 
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Table 1. Advantages and disadvantages of the two different smoke control systems. 

System Advantages Disadvantages 

Pressurizing 
supply air system 

Relatively simple to install in existing 
stations etc.  
 
Requires no duct systems 
 
Requires lesser air quantities than a 
mechanical exhaust system 

Does not extract smoke from the running tunnels: 
long lengths of tunnel can suffer from smoke 
 
Smoke can reach the other platform 
 
Mixed smoke layer 

Mechanical exhaust 
ventilation system 

An effective system that extracts smoke 
from the tunnel system 
 
In comparison with the pressurizing 
system, lesser areas are affected by smoke 

Large air quantities required  
 
A system of air ducts is required 
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4 Conclusions 

This report has presented the results of a large number of simulations of the performance of 
two different smoke control systems for use in an underground railway station. 

In all fire protection technical projects, it is necessary at an early stage to decide what is to 
be achieved. In this particular case, the initial criterion has been that the escalator bottom 
lobby must be kept clear of smoke. Other criteria could be considered: e.g. to keep the 
escalator shaft clear of smoke, or limiting the temperature on the platform to some maximum 
value, or maintaining a certain minimum visibility. The choice of criteria will affect the design 
and capacity of the fire gas control system. 

The results show that both the pressurizing supply air system and the mechanical exhaust 
air system provide effective smoke control. Two fires were simulated: a 20 MW fire and a 
60 MW fire. The required performance criterion was to keep the escalator bottom lobby free 
of smoke. To do so with a pressurizing supply air system requires an air flow of 20–40 m3/s 
for a 20 MW fire, and 40–80 m3/s for a 60 MW fire depending on the openings in the 
platform screens. In the simulation three cases where studied, one without platform screens, 
one with platform screens on the fire-affected side, and another one with platform screens on 
both sides with a dense construction on the non-affected side. 

In a one-tube situation platform screen doors on both sides will prevent smoke from 
spreading from one platform to another. 

A mechanical exhaust air system requires considerably higher air flows: 75–100 m3/s to 
deal with the 20 MW fire, and 180 m3/s for the 60 MW fire. 75 m3/s is the required capacity 
with platform screens on both sides. With 60 MW the presence or absence of platform 
screen doors does not affect the required flow capacity in order to prevent smoke from 
getting into the escalator lobby. 

If some doors at the bottom of the escalators are assumed to be closed (e.g. by automatic 
door-closers), the necessary air flow to control the gases in the pressurizing air supply air flow 
scenario will be reduced. However, some of the most common automatic door closing 
devices can be sensitive to smoke detection, which means that they could open when they 
ought to be closed. The simulation calculations have also assumed that the doors in the 
platform screen doors on the fire-affected side are open.  

The simulations have not considered air currents caused by trains, ambient wind 
conditions or temperature/height differences.  
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