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EXECUTIVE SUMMARY 
 

This report presents the results of the research completed in Task 4 of the 
International Road Tunnel Fire Detection Research Project (Phase II): Field Fire Tests in 
an Operating Road Tunnel in Montreal, Canada.  The objectives of Task 4 were:  

 
• Investigate the performance of fire detectors/detection systems in an operating 

tunnel environment; 
• Evaluate the performance of selected fire detectors at their maximum 

detection range; and 
• Provide technical information for comparison to those obtained in the 

laboratory tunnel tests. 
 

The field fire tests were conducted on June 23, 2007 in Tube A of Carré-Viger 
Tunnel that is located in downtown Montreal.  The section of the tunnel used in the tests 
was 400 m long, 5 m high and 16.8 m wide (4 traffic lanes).  The tunnel was equipped 
with four jet fans, which were used for emergency ventilation.  

 
Six fire detectors/detection systems were evaluated.  They were: two linear heat 

detection systems, one optical flame detector, and three video imaging detection (VID) 
systems.  These detectors and their alarm levels were the same as used in the tests 
conducted in a laboratory tunnel facility in Tasks 2 and 7.  The maximum detection 
distance of the optical flame detector D-3F1 with medium sensitivity level was 
approximately 30 m, and the maximum detection distances of the three VID systems 
were approximately 60 m.  The sensing cables of the two linear heat detection systems 
were installed on the ceiling of the tunnel close to the fire locations. 

 
Nine full-scale fire tests were conducted using three fire scenarios.  The scenarios 

were similar to ones used in the laboratory tunnel tests conducted in Tasks 2 and 7 of the 
project.  The fire scenarios used in the tests included a small gasoline pool fire (0.09 m2), 
a gasoline pool fire (0.36 m2) located underneath a simulated vehicle, and a gasoline pool 
fire (0.36 m2) located behind a large simulated vehicle.  The fire sizes were varied from 
125 kW to 650 kW as measured using a calorimeter.   

 
Four tests were conducted with a small gasoline pool fire (0.09 m2) at different 

locations in the tunnel.  The maximum heat release rate produced by the fire was 
approximately 125 kW.  The tests were designed to study the effect of changing fire 
location on the response of the detection systems to a small open pool fire.  There was 
minimal airflow in the tunnel during these tests.  In this scenario, the fire developed very 
quickly and substantial smoke was produced.   

 
Three tests were conducted with a pool fire located underneath a simulated 

vehicle.  The tests were used to study the impact of airflow on the response of detection 
systems to a small fire (0.6 m x 0.6 fuel pan) located underneath a vehicle.  The heat 
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release rate of the fire was approximately 650 kW.  The fire source was located at a fixed 
position in the tunnel and the average airflow velocities were varied: 1.3, 2.0 and 2.4 m/s.   

 
Two tests were conducted with an open pool fire located behind a simulated 

vehicle.  The tests were designed to study the response of the detection systems to a small 
fire (0.6 m x 0.6 m fuel pan) located behind a vehicle under airflow conditions.  The heat 
release rate of the fire was approximately 650 kW.  A different location for the fire was 
used for the two tests.  The average airflow velocity in the tunnel was 1.3 m/s. 

 
The fire characteristics, including temperatures and smoke spread in the tunnel, 

were measured in the tests.  The activation time of each detector/detection system under 
various ventilation conditions was recorded.  The ability of the detection systems to 
locate and monitor the fire was also evaluated.  Table 1 provides a summary of the test 
conditions and results of Task 4.  General observations on the performance of fire 
detectors/detection systems in test series are as follows: 

 
• The performances of the fire detection systems were generally consistent with 

those observed in the laboratory tunnel tests under the same test conditions. 
• The pool fires located underneath a vehicle were more difficult to detect than 

the fires located behind a vehicle.  The response times of fire detection 
systems for the fire located underneath a vehicle were generally longer than 
those for the fire located behind a vehicle. 

 
Observations on the response of the linear heat detection systems are as follows: 
 
• The linear heat detection systems were able to respond to small fires based on 

the rate of rise of temperature, even though the ceiling temperature was not 
high.  The response time of the linear detection system D-1L1 to a small open 
pool fire (125 kW) ranged from 22 s to 33 s, and the response time of the 
linear detection system D-2L2 ranged from 41 s to 45 s.   

• The response times of the linear heat detection systems were not affected by 
fire location in the tunnel, as the fires were always near a section of the cable.  
The detection times increased with an increase in airflow speed as the ceiling 
temperature decreased. 

• The linear heat detection system D-1L1 was able to determine the fire location 
to within 2 m range but the hot spot identified by the system under 
longitudinal airflow conditions was not the real fire location.  

 
Observations on the response of the optical flame detector D-3F1 are as follows: 

 
• The optical flame detector D-3F1 was able to detect all fires within its 

detection range.  The detection time ranged from 25 s to 76 s in the test series, 
depending on the fire scenario, fire size and airflow conditions.   
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• The detector did not respond to the fire, when it was located beyond its 
maximum detection distance (~30 m).   

• Its performance was affected by an increase in airflow speed. 
 

Observations on the response of the three VID systems are as follows: 
 

• The three VID systems were able to detect the small open fires (125 kW) at 
their maximum detection range (~60 m).  The change in location of the small 
open fire in the tunnel had a limited impact on the performance of Detectors 
D-4C1 and D-6C3, but had a substantial impact on the performance of D-5C2.    

• The performance of the three VID systems was affected by longitudinal 
airflow conditions.  Both D-4C1 and D-5C2 were able to detect the fire 
located underneath a vehicle at the three airflow speeds.  The response time 
was either decreased or increased depending on the airflow velocity.   

• The airflow conditions made it more difficult for D-6C3 to respond to the fire.  
It detected the fire in the tests with an airflow speed of 1.3 m/s and 2.4 m/s but 
did not respond to the fire at an airflow speed of 2 m/s. 

• Both D-4C1 and D-5C2 were able to detect the fire located behind the vehicle 
when the fire was 32 m from the detectors, but did not respond to the fire 
when it was 60 m from the detectors.   

• D-6C3 detected the fire at both locations but the response time increased with 
an increase in distance. 
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Response Time of Detectors/Detection Systems 

D-3F1 
(s) 

Fire 
scenario 

 
Test 
no 

Pan 
(m) 

Fire Location 
from 

Detectors 

Fuel 
Type 

Heat 
Release 

Rate 
(kW) 

Wind 
Speed 
(m/s) 

D-1L1
(s) 

D-2L2 
(s) H* M* 

D-4C1 
(s) 

D-5C2 
(s) 

D-6C3 
(s) 

F-1 0.3 x 0.3 32 m in 1st lane Gasoline ~125 0 29 41 6 33 44 46 6 
F-5 0.3 x 0.3 35 m in 4st lane Gasoline ~125 0 30 45 3 N/R* 46 13 6 
F-7 0.3 x 0.3 60 m in 1st lane Gasoline ~125 0 22 N/R* 7 N/R 58 167 9 

Open pool 
fires 

 
F-9 0.3 x 0.3 62 m in 4st lane Gasoline ~125 0 33 N/R* 9 N/R 47 58 6 
F-3 0.6 x 0.6 32 m in 1st lane Gasoline ~650 ~1.5 48 43 3 33 56 66 13 
F-2 0.6 x 0.6 32 m in 1st lane Gasoline ~650 ~2.5  101 96 4 76 88 18 N/R* 

Pool fires 
under the 

vehicle F-4 0.6 x 0.6 32 m in 1st lane Gasoline ~650 ~3 N/R* 101 34 N/A 66 38 51 
F-6 0.6 x 0.6 32 m in 1st lane Gasoline ~650 ~1.3 30 29 N/A 25 47 24 6 Pool fires 

behind 
vehicle 

F-8 0.6 x 0.6 60 m in 1st lane Gasoline ~650 ~1.3 32 31 12 N/R N/R N/R* 18 

 
Note: 

• N/R*: no response in the test 
• H*: optical flame detector D-3F1 with very high sensitivity 
• M*: optical flame detector D-3F1 with medium sensitivity 
• The systems listed in the table are as follows: 

D-1L1: Linear fiber optic heat detection system  
D-2L2: Linear cable heat detection system  
D-3F1:  Flame detector 
D-4C1: VID flame/smoke detector  
D-5C2: VID flame/smoke detector  
D-6C3: VID flame detector  

Table 1.  Summary of Test Conditions and Results in Viger Tunnel  
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1. INTRODUCTION 
 

A series of fire tests were conducted on June 23, 2007 in the Carré-Viger Tunnel 
located in Montreal, Canada, in collaboration with the Ministry of Transport of Quebec 
(MTQ) as part of the International Road Tunnel Fire Detection Research Program (Phase 
II).  The fire tests in an operating road tunnel were an important component of the 
research program (Task 4).  There were three objectives related to this task: 

 
• Investigate the performance of fire detectors/detection systems in an operating 

tunnel environment; 
• Evaluate the performance of selected fire detectors at their maximum 

detection range; and 
• Provide technical information for comparison to those obtained in the 

laboratory tunnel tests. 
  

This report provides the results of Task 4 of the International Road Tunnel Fire 
Detection Research Project (Phase II).  Information on the tunnel, fire scenarios, fire 
detectors/detection systems and test instrumentation is provided.  The fire characteristics, 
such as the fire growth rate, temperature and smoke spread in the tunnel, are presented. 
The performances of the fire detectors/detection systems to tunnel fire scenarios, 
including their response time and their ability to locate and monitor a fire as well as the 
impact of longitudinal airflow on their performance, are reported.     
 
2. TEST TUNNEL 
 

The Carré-Viger Tunnel, completed in 1986, is a part of the A-720 Autoroute 
Ville-Marie that runs through downtown Montreal.  The tunnel is composed of two 
underground one-way traffic tubes running East to West (Tube A) and West to East 
(Tube B).  Each tube is a 4-lane roadway with a length of approximately 400 m, a width 
of 16.8 m, and a height of 5.0 m to the tunnel ceiling (as shown in Figures 2.1 and 2.2).  
Only trucks that do not carry hazardous materials are allowed in the tunnel. 

 
The tunnel has a longitudinal ventilation system that is equipped with eight 

ceiling jet fans (4 fans in each tube).  The jet fan system in Tube A of the tunnel is shown 
in Figure 2.3.  The capacity of each jet fan is 23.6 and 14.2 m3/s in the supply and 
exhaust modes, respectively.  Each jet fan can operate on its own or in combination with 
other fans.  The ventilation flows can be adjusted as needed.   

 
The field tests were all conducted in Tube A of the Carré-Viger Tunnel.  During 

the field tests, longitudinal airflow conditions were simulated by activating one or more 
fan(s). 
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Figure 2.1.  Photograph of Tube A of the Carré-Viger Tunnel  

Figure 2.2.  Schematic of the Carré-Viger Tunnel  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

 

Jet fan
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Figure 2.3.  Jet fan system in Tube A of the Carré-Viger Tunnel 
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3. FIRE DETECTORS/DETECTION SYSTEMS AND SETUP 
 
Six fire detectors/detection systems were evaluated in the test series.  They were: 

two linear heat detection systems D-1L1 and D-2L2, one optical flame detector D-3F1, 
and three video image detection (VID) systems D-4C1, D-5C2 and D-6C3.  These 
detectors/detection systems were the same as those used in the full-scale tests conducted 
in a laboratory tunnel facility [1, 2].  A detailed description of these detectors and 
systems was provided in the reports for Tasks 2 and 7 of the project [1, 2].   

 
The maximum detection distance of the optical flame detector D-3F1 with a 

medium sensitivity setting was approximately 30 m.  The maximum detection distances 
of the three VID systems were approximately 60 m.   

 
Two linear heat detection systems were installed on the ceiling of the tunnel. 

These systems would respond to a fire if the rate of temperature rise or the temperature at 
the cables meets the detection criteria.  A schematic showing the setup of the 
detectors/detection systems in the tunnel is shown in Figure 3.1.  

 
The fire detection capability and coverage area of the flame and VID systems 

were evaluated at their maximum detection distance by locating the fires 30 m and 60 m 
from the detectors as well as on both sides of the tunnel (Figure 3.1).     

 
 
The sensing cables of two linear heat detection systems, D-1L1 and D-2L2, were 

installed on the ceiling of the tunnel in a loop with dimensions of 8.4 m in width and 
50 m in length.  The sensing cables were 80 mm below the ceiling and 4.2 m from the 
wall of the tunnel (Figure 3.1).  The total lengths of the two linear heat detection systems 
were approximately 2,230 m (approximately 150 m was used in the tunnel to form the 
loop at the ceiling) and 140 m, respectively.  A photograph of the linear heat detectors is 
shown in Figure 3.2.  

 
The optical flame detector and the three VID systems were fastened to a lift 

vehicle and located near the North wall of the tunnel (Figure 3.3) to simulate wall-
mounted detectors.  The height of the optical flame detector D-3F1, the VID flame/smoke 
detector D-4C1, the VID flame/smoke detector D-5C2 and the VID flame detector D-6C3 
were approximately 4 m, 4.5 m, 4.3 m and 3.9 m above the ground, respectively.   

 
The distance between the wall mounted detectors and the nearest section of the 

linear heat detectors was approximately 15 m.  The distance between the jet fans and the 
linear heat detectors and the wall mounted detectors were 55 m and 120 m, respectively. 

 
The sensitivity levels of the fire detectors/detection systems in the test series were 

the same as used in Task 7 of the project [2].  General information on the detectors and 
systems is summarized in Table 3.1.   

 Figure 3.1.  Schematic of detector/detection system setup in the tunnel 

60 m 

CH 180+00 CH 181+00CH 182+00 CH 178+00

16.8 m 

60 m 

Wall mounted 
detectors 
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Table 3.1. Fire Detection Systems in Test Program 
 
Technology System 

no. 
System information Alarm threshold Detector 

location 
D-1L1 Fiber optic linear heat 

detection 
Level 1: 50oC, 10oC/min; 
 

Two parallel cables 
in the tunnel, 4.2 m 
from the wall 

Linear heat 

D-2L2 Analogue (co-axial cable) 
linear heat detection 
system 

Fixed Temp: 70oC, 
Rate of rise: 7oC/min; 
 

Two parallel cables 
in the tunnel, 4.2 m 
from the wall 

Flame D-3F1 IR3 flame detector Sensitivity: medium (0.3 m 
x 0.3 m n-heptane fire at 
30.5 m on-axis). 

4 m above ground 

D-4C1 Visual flame and smoke 
detector 

Flame: low (25%); 
Offsite: 50% 
Smoke: normal 
Pre-alarm period: 30 s 

4.5 m above 
ground 

D-5C2 Visual flame and smoke 
detector 

Intensity: 60 
Mean crossing: 4 
Inten. standard deviation: 16 
Flicker mask counter: 16 

4.3 m above 
ground 

VID 

D-6C3 Visual flame detector Sensitivity: 10 kW fire at 30 
m.  

3.9 m above 
ground 
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Figure 3.3.  Photograph of detector setup in the test tunnel 

Figure 3.2.  Photograph of linear heat detection systems 

Detectors 

 

Sensing cables
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4. INSTRUMENTATION 
 

Instrumentation used in the test series included thermocouples, smoke meters, 
velocity meters and video cameras.  Figure 4.1 shows the location of the instrumentation 
in the tunnel. 

 
Three thermocouple trees were distributed in the tunnel to monitor temperatures 

produced by the fires.  Thermocouple tree #1 was located near the fire source in each test 
to measure the flame/plume temperature of the fire and to monitor the fire development.  
There were four thermocouples on the tree spaced at 1.0 m intervals starting 2 m above 
the tunnel floor.  The locations of the other thermocouple trees (#2 and #3) were fixed in 
the tunnel.  They were placed at the middle of the tunnel 15 m and 30 m downstream of 
the fire, respectively, when the fire was located at 30 m from the detectors mounted on 
the wall of the tunnel.  The thermocouple trees were 45 m and 60 m downstream of the 
fire, when the fire was located at 60 m from the detectors.  There were five 
thermocouples on each tree spaced at 1.0 m intervals starting 1 m above the tunnel floor.  
These two thermocouple trees were held manually during the tests, as shown in 
Figure 4.2. 

 
Two smoke meters were attached to thermocouple trees #2 and #3 to measure 

smoke optical density and monitor the smoke spread in the tunnel.  There was a 0.6 m 
vertical light path between the transmitter and the receiver for each smoke meter.  The 
first smoke meter on the thermocouple tree was located near the ceiling with its mid-point 
approximately 0.3 below the ceiling.  The second smoke meter had its mid-point 2.3 m 
below the ceiling.     

 
A hand held velocity meter mounted on a 4 m long aluminium pole was used to 

measure the air velocity in the tunnel.  The air velocity was manually recorded during the 
tests.  

 
Two video cameras were used to record and monitor fire conditions in the tests.  

One video camera was located near the wall-mounted fire detectors.  It was used to 
monitor conditions in the tunnel between the fire and the detectors.  The second video 
camera was placed near the fire source.  It was used to monitor the fire conditions from 
behind the fire towards the detectors.   

 
Four data acquisition systems were used in the tests.  There was one system for 

each thermocouple tree used to collect temperature and smoke data.  One system was 
located near the fire detectors/detection systems and was used to monitor the response of 
the detectors/detection systems to the fires.  The test data were collected at one second 
time interval. 
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Figure 4.1.  Schematic of instrumentation in the tunnel 

 
 

8.4 m 

55 m

60 m
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Jet fan 16.8 m 

Thermocouple tree 

Video camera 

Wall mounted detectors
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Figure 4.2.  Photograph of a thermocouple tree  
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5. TEST PROCEDURE 
 
The test procedure used in the test series was as follows: 
  

• Set up fire test; 
• Checked instrumentation and each detection system prior to each test; 
• Activated fan systems in ventilated tests;  
• Measured air velocities around the location of the fire source; 
• Started the data acquisition systems and video recorders for 30 s baseline; 
• Ignited the fire;  
• Terminated the test once the fuel in the pan was consumed and the fire self 

extinguished; 
• Checked each detection system to determine if they still functioned 

properly after the fire test.  
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6. VENTILATION SETUP AND AIRFLOW MEASUREMENT 

 
Four airflow velocities were used to study the impact of longitudinal airflow on 

the performance of the fire detectors/detection systems.  Tests were conducted under 
ambient airflow as well as three airflow speeds provided by running the jet fans: velocity 
#1 by operating Jet Fan #3, velocity #2 by operating Jet Fans #1 and #4, and velocity #3 
by operating Jet Fans #1, #2 and #4.  The configuration of the jet fans in the tunnel is 
shown in Figure 6.1a.  The fans are located in a recess in the tunnel ceiling, which at its 
maximum height is approximately 9 m.  The base of the fans was at a height of 6 m.  The 
tunnel ceiling height was 5 m (Figure 6.1b). 

 
The fans are not operated under normal conditions unless the environmental 

conditions in the tunnel (pollution) necessitate their operations.  Their primary use is for 
emergencies. 

 
Air velocity measurements were conducted at a number of cross sections of the 

tunnel, including the section where the fire was located using a velocity meter.  
Measurements were taken prior to and during the tests (Figure 6.2).  The measurement 
locations were 60 m, 90 m, 150 m and 210 m from the fans.  The velocities were 
measured at 9 points at each location.  As shown in Figure 6.1b, points 1, 2 and 3 were 
located 4.4 m from the North wall of the tunnel and 1 m, 2.5 m and 4 m above the 
ground, respectively.  Points 4, 5 and 6 were located 8.4 m from the North wall of the 
tunnel and 1 m, 2.5 m and 4 m above the ground, respectively.  Points 7, 8 and 9 were 
located at 12.4 m from the North wall of the tunnel and 1 m, 2.5 m and 4 m above the 
ground, respectively. 

 
Test results showed that air velocities were more uniform with an increase in 

distance from the fan systems.  The air velocity near the fire source was affected by the 
setup around the fire, such as the size and location of obstacles.  Figure 6.3 shows the air 
velocities measured at the section where the fire was located (32 m from the detectors) 
for Test F-3 using Jet Fan #3.  The average air velocity was 1.3 m/s.  The average airflow 
velocities produced with two and three jet fans were 2 m/s and 2.4 m/s, respectively. 
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Figure 6.1a.  Jet Fan Systems in Viger Tunnel  

Figure 6.1b.  Velocity measuring points in Viger Tunnel 

1 2 3 4

Jet fan

Measuring point 

1

2.5
4.0
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1.3 m/s

1.2 m/s

1.3 m/s

1.5 m/s

1.2 m/s

1.3 m/s

1.7 m/s

1.7 m/s

1.4 m/s

1 

2 

3 9

4
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6
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8

Fire 

Figure 6.3.  Airflow velocity at fire location in Test F-3  

Figure 6.2.  Measurement of air velocity at fire location during test 
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7. FIRE TESTS AND RESULTS 
 

Nine full-scale fire tests were conducted using three fire scenarios.  The scenarios 
included open gasoline pool fires, gasoline pool fires located underneath a simulated 
vehicle, and gasoline pool fires located behind a simulated large vehicle.  The fire sizes in 
the tests varied from approximately 125 kW to 650 kW.  The fire size was limited to 
minimize possible damage to equipment and the tunnel.  The scenarios were similar to 
ones used in the laboratory tunnel tests conducted in Tasks 2 and 7, which are described 
in detail in the reports of Tasks 2 and 7 of the project [1, 2].    

 
The fires were placed at different locations in the tunnel to evaluate the detection 

capability of the fire detectors/detection systems at the maximum detecting distance and 
coverage areas.  Figure 7.1 shows the locations of the fires in the tunnel.  Detailed 
information on the fire locations is as follows: 

 
• Fire Position 1 (FP 1) was located in Lane 1 of the tunnel and approximately 

33 m from the detectors mounted at the North wall of the tunnel, 4.8 m from 
the North wall of the tunnel and 0.6 m from the nearest section of the linear 
heat detector cables. 

• Fire Position 2 (FP 2) was located in Lane 4 approximately 35 m from the 
detectors mounted at the North wall of the tunnel, 12.8 m from the North wall 
of the tunnel and 0.2 m from the nearest section of the linear heat detector 
cables. 

• Fire Position 3 (FP 3) was located in Lane 1 approximately 60 m from the 
detectors mounted at the North wall of the tunnel, 4.8 m from the North wall 
of the tunnel and 0.6 m from the nearest section of the linear heat detector 
cables. 

• Fire Position 4 (FP 4) was located in lane 4 approximately at 61.5 m from the 
detectors mounted at the North wall of the tunnel, 12.8 m from the North wall 
of the tunnel and 0.2 m from the nearest section of the linear heat detector 
cables. 

 
The distance of the fire at positions FP 1 and FP 3 to the North wall of the tunnel 

(4.8 m) was greater than used in the laboratory tunnel tests (2.5 m).  This gave a wider 
view for the detectors mounted on the wall to monitor the fire. 

    
The average air velocities used in the tests were 0 m/s, 1.3 m/s, 2 m/s and 2.4 m/s.  

The air velocity at the fire source was measured prior to and during each fire test. 
 
The fire behaviour in the tests, such as the fire growth rates, temperatures and 

smoke spread in the tunnel, were investigated.  The activation time of each 
detector/detection system under various test conditions was recorded.  The ability of the 
detection systems to locate and monitor the fire incident was also evaluated. 
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Figure 7.1.  Schematic of fire locations in the test tunnel 
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Figure 7.2.  Photograph of a small open pool fire in Viger Tunnel tests 

7.1 Open Pool Fires  
 
Four full-scale tests were conducted with a 0.3 m by 0.3 m gasoline pool fire 

(Tests F-1, F-5, F-7 and F-9).  The fire (Figure 7.1) was placed at four locations in the 
tunnel.  There was no obstacle around the fire source.  Ambient temperature in the 
tunnel was 18oC with no prevailing wind.  All tests were conducted with minimal 
airflow velocity in the tunnel (approximately 0 m/s).  The tests were designed to study 
the response of the detectors/detection systems to a small open pool fire.  The test 
conditions and results for the open pool fire are listed in Table 7.1. 
 

The fire was allowed to burn freely for approximately 9 minutes until the 
gasoline in the pan was consumed.  The fire developed very quickly and substantial 
smoke was produced and accumulated below the ceiling (Figure 7.2).  The smoke did 
not obstruct the view of the detectors during the tests.  The maximum heat release rate 
produced by the fire was approximately 125 kW. 
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RESPONSE TIME OF DETECTORS/DETECTION 

SYSTEMS 
D-3F1 

(s) 

FIRE 
SCENARIO 

TEST 
NO 

PAN  (m) FIRE 
LOCATION 
FROM 
DETECTORS 
 

FUEL 
TYPE 

HEAT 
RELEASE

RATE (kW

WIND 
SPEED 

(m/s) D-1L1 
(s) 

D-2L2 
(s) 

H* M* 

D-4C1 
(s) 

D-5C2 
(s) 

D-6C3 
(s) 

F-1 0.3 x 0.3 32 m in 1st 
lane 

Gasoline ~125 0 29 41 6 33 44 46 6 

F-5 0.3 x 0.3 35 m in 4st 
lane 

Gasoline ~125 0 30 45 3 N/R* 46 13 6 

F-7 0.3 x 0.3 60 m in 1st 
lane 

Gasoline ~125 0 22 N/R* 7 N/R 58 167 9 

Open pool 
fires 

 

F-9 0.3 x 0.3 62 m in 4st 
lane 

Gasoline ~125 0 33 N/R* 9 N/R 47 58 6 

 
Note: 

• N/R*: no response in the test 
• H*: optical flame detector D-3F1 with very high sensitivity 
• M*: optical flame detector D-3F1 with medium sensitivity 
• The systems listed in the table are as follows: 

D-1L1: Linear fiber optic heat detection system  
D-2L2: Linear cable heat detection system  
D-3F1:  Flame detector 
D-4C1: VID flame/smoke detector  
D-5C2: VID flame/smoke detector  
D-6C3: VID flame detector  

 
 

Table 7.1. Test Conditions and Results with a Open Pool Fire in Viger Tunnel  
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Figure 7.3.  Temperatures at Thermocouple Tree #1 in Test F-1 

7.1.1 Fire Characteristics 
 
Figure 7.3 shows the variation in temperature with time in Test F-1 when the fire 

was located at FP 1.  The temperatures were measured at thermocouple tree #1 near the 
fire source.  The temperature was approximately 120oC near the tip of the fire plume and 
it quickly decreased with an increase in elevation.  The maximum temperature near the 
ceiling of the tunnel was approximately 33oC.  The rate of rise of temperature at the 
ceiling was approximately 15oC/min. 
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Figure 7.4.  Temperatures measured at Thermocouple Tree #2 15 m from fire location in Test F-1 

Figure 7.4 shows the temperatures measured at thermocouple tree #2, 15 m from 
the fire source in Test F-1.  The temperature started to increase approximately 70 s after 
the ignition of the fire.  The temperature increase near the ceiling was approximately 
4oC.  There was a minimal increase in temperature at heights less than 4 m. 
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The smoke production and spread in Test F-1 are shown in Figure 7.5.  The 

smoke optical densities (OD/m) near the ceiling were measured 15 m and 30 m from the 
fire location.  The smoke optical density increased with time and had a significant 
increase when the fire reached a certain level.  The smoke optical density at 15 m from 
the fire source was higher than that at 30 m.  This suggests the smoke was diluted as it 
moved down the tunnel.  The smoke spread in the tunnel can be calculated from the time 
interval from ignition and the distance between the measuring point and the fire location.  
Since the optical smoke density produced by the small pool fire was limited, the VID 
systems were able to monitor the fire conditions in the tunnel throughout the tests. 
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Figure 7.5.  Smoke optical density at ceiling, 15 m and 30 m from fire location in Test F-1  
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7.1.2 Response of Fire Detection Systems 
 

The fire characteristics produced by the small open pool fire in Tests F-5, F-7 
and F-9 were similar to those produced in Test F-1.  Figure 7.6 summarizes the response 
times of the fire detectors/detection systems to the fire at the four locations in the tunnel. 

 
The linear heat detection system D-1L1 responded to the fire at all four locations, 

based on the rate of rise of the temperature produced by the fire.  It detected the small 
fire with the response time ranging from 22 s to 33 s, as shown in Table 7.1.  The change 
in fire location in the tunnel had a limited impact on the detection performance, as the 
fire was always near a section of the detection cable.  The response times were 
consistent with those measured in the laboratory tunnel tests with the same fire setup [1].  
In addition, the system was able to identify the fire location in the tunnel by determining 
the location in the cable with the change in temperature.  Figure 7.7 shows the variation 
of the temperature along the cable in Test F-7.  The maximum temperature increase was 
20oC. 

 
The linear heat detection system D-2L2 detected the fire when it was located at 

positions FP #1 and FP #2 with the response times ranging from 41 s to 45 s.  It did not 
respond to the fires located at positions FP #3 and FP #4.  

 
The optical flame detector D-3F1 with a medium sensitivity level responded to 

the fire located at FP #1 approximately 32 m from the detector at 33 s.  It did not 
respond to the fires located at the other three positions, which were located outside its 
maximum detection distance.    

 
The flame/smoke VID system D-4C1 detected all the fires with the response 

times ranging from 44 s to 58 s.  The change in fire location in the tunnel had a limited 
impact on its performance. 

 
The flame/smoke VID system D-5C2 also responded to all the fires with the 

response times ranging from 13 s to 167 s.  The performance of the detector was affected 
by the change in fire location. 

 
The flame VID system D-6C3 detected the fires located at FP #1 to FP #3 in the 

tunnel with the detection time ranging from 6 s to 9 s.  It detected the fire at position FP 
#4, after the view of the detector was adjusted.  The performance in the operating tunnel 
was consistent with that in the laboratory tunnel tests with the same fire setup [1]. 
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Figure 7.6.  Response times of fire detectors/detection systems to a 0.09 m2 open fire  
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Figure 7.8.  Photograph of a pool fire located underneath a vehicle in Viger Tunnel tests

 
7.2 Pool Fires Located underneath Vehicle 
 

Three tests with a 0.36 m2 gasoline pool fire located underneath a simulated 
vehicle (Tests F-2 to F-4) were conducted in the Viger Tunnel.  The setup of the fire 
scenario was the same as used in the laboratory tunnel tests of the project [1, 2].  The 
fuel pan was placed underneath a simulated vehicle.  A 1.5 m wide by 1.2 m high plate, 
simulating a crashed car, was located between the fire source and the wall-mounted 
detectors.  It was placed 1.5 m in front of the fire source and 0.3 m above the ground.  
The heat release rate of the fire was approximately 650 kW when measured using a 
calorimeter.  The setup of the fire scenario in the Viger Tunnel is shown in Figure 7.8. 

 
The fire source was at FP #1 in the three tests: 32 m from the detectors mounted 

on the wall and 4.8 m from the North wall of the tunnel.  Three tests with the same fire 
setup were conducted with the average airflow velocities in the tunnel at 1.3 m/s, 2.0 m/s 
and 2.4 m/s.  The tests were used to study the impact of airflow on the response of the 
detectors/detection systems to a small fire located underneath a vehicle.  The test 
conditions and results for the pool fire located underneath the vehicle are listed in Table 
7.2. 
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RESPONSE TIME OF DETECTORS/DETECTION 

SYSTEMS 
D-3F1 

(s) 

FIRE 
SCENARIO 

TEST 
NO 

PAN SIZE 
(m) 

FIRE 
LOCATION 
FROM 
DETECTORS 
 

FUEL 
TYPE 

HEAT 
RELEASE

RATE (kW

WIND 
SPEED 

(m/s) D-1L1 
(s) 

D-2L2 
(s) 

H* M* 

D-4C1 
(s) 

D-5C2 
(s) 

D-6C3 
(s) 

F-3 0.6 x 0.6 32 m in 1st 
lane 

Gasoline ~650 ~1.3 48 43 3 33 56 66 13 

F-2 0.6 x 0.6 32 m in 1st 
lane 

Gasoline ~650 ~2.0  101 96 4 76 88 18 N/R* 

Pool fires 
under the 
vehicle 

F-4 0.6 x 0.6 32 m in 1st 
lane 

Gasoline ~650 ~2.4 N/R* 101 34 N/A 66 38 51 

 
Note: 

• N/R*: no response in the test 
• H*: optical flame detector D-3F1 with very high sensitivity 
• M*: optical flame detector D-3F1 with medium sensitivity 
• The systems listed in the table are as follows: 

D-1L1: Linear fiber optic heat detection system  
D-2L2: Linear cable heat detection system  
D-3F1:  Flame detector 
D-4C1: VID flame/smoke detector  
D-5C2: VID flame/smoke detector  
D-6C3: VID flame detector  
 

 
 

Table 7.2.  Test Conditions and Results with a Pool Fire Located underneath a Vehicle in Viger Tunnel  



 

  33 

Figure 7.9.  Side view of a 0.36 m2 gasoline pool fire located underneath a vehicle  

7.2.1 Fire Characteristics 
 
Ambient temperature in the tunnel was 18oC.  The fire was allowed to burn freely 

until the gasoline in the pan was consumed.  The fire plume was tilted by the longitudinal 
airflow.  The angle of the fire plume to the ground was reduced with an increase in 
airflow speed.  Moreover, the fire plume became short and unsteady at high airflow 
speed, as shown in Figure 7.9.  The plate placed in front of the fire obstructed the view of 
the detectors mounted on the wall and partially shielded the flames.  Figure 7.10 is a 
photograph taken from the front of the fire setup.    
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Figure 7.10.  Front view of a 0.36 m2 gasoline pool fire located underneath a vehicle 
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Figure 7.11.  Ceiling temperatures at the fire location in Viger Tunnel tests 

 
Figure 7.11 shows the ceiling temperatures in the tests with variation in airflow 

velocity.  The temperatures were measured near the fire source.  The ceiling temperatures 
near the fire had a minimal increase as the fire plume was tilted towards the downstream 
side of the fire.  The temperature decreased with an increase in air velocity.  The 
maximum ceiling temperature ranged from 18oC to 20oC. 

 
Figure 7.12 shows the ceiling temperatures measured 15 m downstream of the fire 

source.  The ceiling temperatures were higher than those near the fire source.  The 
temperature did not change with airflow speed.  The maximum ceiling temperature was 
approximately 25oC. 
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Figure 7.12.  Ceiling temperature measured at 15 m downstream of the fire  
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Figure 7.13.  Ceiling smoke optical density measured 15 m downstream of the fire  

 
Figure 7.13 shows the variation of the ceiling smoke optical density measured 

15 m downstream of the fire source.  The smoke optical density measured near the ceiling 
decreased with an increase in airflow speed.  The results also showed that the smoke 
produced by the fire under airflow conditions was not steady, which was consistent with 
the visual observations during the tests.  The VID systems mounted at the wall of the 
tunnel were able to monitor the fire conditions in the tunnel throughout the tests. 
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7.2.2 Response of Fire Detection Systems 

 
The response times of fire detectors/detection systems to the fire located 

underneath a vehicle for tests with three air velocities are summarized in Figure 7.14.  
Generally, the challenge for the detectors increased under the longitudinal airflow 
conditions.    

 
The response time of the linear heat detection systems increased with an increase 

in airflow speed, as the ceiling temperature decreased.  The linear heat detection system 
D-1L1 detected the fire at 48 s and 101 s, respectively, when the air velocities were at 
1.3 m/s and 2 m/s.  It did not respond to the fire when the air velocity was 2.4 m/s.    

 
Figure 7.15 shows the temperature along the sensing cable of the linear detection 

system D-1L1 in Test F-2 with an airflow speed of 2 m/s.  There were two hot spots 
measured in the cable: one near the fire source and the other in the section of cable 
crossing the tunnel at the west end of the loop.  (The end of the cable was at the 
northwest corner of the loop and the cable was installed clockwise with decreasing 
distance relative to the measurement system.)  However, only the temperature measured 
near the fire source reached the alarm threshold.  Figure 7.15 also shows that the hot spot 
identified by the detection system was not the real fire location.  The distance from the 
fire location was approximately 7 m.  

 
The linear heat detection system D-2L2 responded to all fires.  The response times 

were 43 s at 1.3 m/s, 96 s at 2 m/s and 101 s at 2.4 m/s. The response times increased 
with an increase in airflow velocity. 

 
The response time of the optical flame detector D-3F1 was delayed with an 

increase in airflow speed from 33 s at 1.3 m/s to 76 s at 2 m/s.   
 
The response times of the three VID systems to the fire could be delayed or 

shortened under airflow conditions, as the flames behind the obstacle were unsteady.  The 
response time of the flame/smoke VID system D-4C1 was 56 s at 1.3 m/s and increased 
to 88 s at 2 m/s and then decreased to 66 s at 2.4 m/s.    

 
The flame/smoke VID system D-5C2 detected the fire with response times of 66 s 

at 1.3 m/s, 18 s at 2 m/s and 36 s at 2.4 m/s.   
 
The flame VID system D-6C3 did not respond to the fire in the test with an 

airflow speed of 2 m/s, but detected the fire at 13 s at 1.3 m/s and 51 s at 2.4 m/s.   
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Figure 7.16.  Photograph of the setup of a pool fire located behind a simulated vehicle  

 
7.3 Open Pool Fires Located behind A Large Vehicle 

 
Two full-scale tests with a gasoline pool fire located behind a simulated vehicle 

(Tests F-6 and F-8) were conducted in the Viger Tunnel.  The fire scenario was setup 
with a 0.36 m2 gasoline pan fire located behind a large plate.  The plate, simulating the 
front portion of a large van, was 1.2 m wide by 2.4 m high.  It was placed 0.3 m above 
the tunnel floor and 3.5 m in front of the pool fire.  It was located between the pool fire 
and the detectors mounted at the wall of the tunnel.  The heat release rate of the fire was 
approximately 650 kW.  The setup of the fire scenario is shown in Figure 7.16.   
 

The fire was placed at positions FP 1 and FP 3.  The air velocity in the tunnel was 
1.3 m/s.  The tests were designed to study the response of the detectors/detection systems 
to a fire located behind a vehicle under airflow conditions.  The test conditions and 
results are listed in Table 7.3. 
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RESPONSE TIME OF DETECTORS/DETECTION 
SYSTEMS 

D-3F1 
(s) 

FIRE 
SCENARIO 

TEST 
NO 

PAN SIZE 
(m) 

FIRE 
LOCATION 
FROM 
DETECTORS 
 

FUEL 
TYPE 

HEAT 
RELEASE

RATE (kW

WIND 
SPEED 

(m/s) D-1L1 
(s) 

D-2L2 
(s) 

H* M* 

D-4C1 
(s) 

D-5C2 
(s) 

D-6C3 
(s) 

F-6 0.6 x 0.6 32 m in 1st 
lane 

Gasoline ~650 ~1.3 30 29 N/A 25 47 24 6 Pool fires 
behind 
vehicle F-8 0.6 x 0.6 60 m in 1st 

lane 
Gasoline ~650 ~1.3 32 31 12 N/R N/R N/R* 18 

 
Note: 

• N/R*: no response in the test 
• H*: optical flame detector D-3F1 with very high sensitivity 
• M*: optical flame detector D-3F1 with medium sensitivity 
• The systems listed in the table are as follows: 

D-1L1: Linear fiber optic heat detection system  
D-2L2: Linear cable heat detection system  
D-3F1:  Flame detector 
D-4C1: VID flame/smoke detector  
D-5C2: VID flame/smoke detector  
D-6C3: VID flame detector  

 
 

Table 7.3.  Test Conditions and Results with a Pool Fire Located Behind a Vehicle in Viger Tunnel  
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Figure 7.17.  Photograph of a pool fire located behind a simulated vehicle in Viger Tunnel 

 
7.3.1 Fire Characteristics 
 

The gasoline pool fire located behind the vehicle was an open pool fire.  It 
developed very quickly.  A large fire plume and significant smoke were produced.  The 
fire plume and smoke were pushed downstream of the fire by the longitudinal airflow, as 
shown in Figure 7.17.  The fire plume and smoke production were much larger than those 
produced by the fire underneath a vehicle with the same size of pool fire.  It was difficult 
to view the flames from the front of the fire, as the large plate shielded the flames.   

 
Figures 7.18 and 7.19 show photographs taken from the front and back of the fire 

setup, when the fire was located at 32 m and 60 m from the detectors.  Although the fires 
behind the plate were large, the flames were only partially visible at the sides of the plate.  
However, the smoke produced from the fires was visible in the tunnel and was not 
affected by the obstacle.  Figures 7.18 and 7.19 also show that the amount of flame 
visible at the two locations was comparable and were not affected by the change in fire 
location.      
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Figure 7.18.  Photographs of a pool fire located behind a simulated vehicle taken from front 
and back of the fire setup with the fire was located at 32 m from the detectors 

Figure 7.19.  Photographs of a pool fire located behind a simulated vehicle taken from front 
and back of the fire setup with the fire was located at 60 m from the detectors 
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Figure 7.20.  Temperatures measured at Thermocouple #1 at fire location in Test F-6  

 
Figure 7.20 shows the temperatures measured in Test F-6.  The temperatures were 

measured at thermocouple tree #1 near the fire source.  The temperature near the tip of 
the fire plume was approximately 85oC.  The temperature decreased with an increase in 
height.  The maximum temperature increase near the ceiling of the tunnel was 7oC 
approximately 50 s after ignition (rate of rise of about 8.5oC/min).  

 
Figure 7.21 shows the ceiling temperature measured at three distances from the 

fire source in Test F-6.  The temperatures measured 15 m and 30 m downstream of the 
fire were higher than that measured at the fire location (about 15.6 and 10.8oC/min at 15 
and 30 m downstream of fire, respectively).  The rate of temperature rise was also faster 
than that at the fire location.  The ceiling temperature produced by the fire located behind 
the vehicle was higher than that produced by the fire located underneath the vehicle under 
the same airflow conditions. 
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Figure 7.21.  Ceiling temperatures at three distances from the fire in Test F-6  
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Figure 7.22 shows the smoke optical density measured 15 m and 30 m from the 

fire source in Test F-6.  The smoke optical densities quickly increased.  The smoke 
optical densities measured at the two locations were comparable.  However, the smoke 
optical density 15 m from the fire was slightly higher than that at 30 m from the fire.  The 
smoke optical density produced by the fire behind a vehicle was higher than that 
produced by the fire located underneath a vehicle under the same test conditions.   

 
The view of VID systems was affected at 120 s after ignition in Test F-6 in which 

the fire was 32 m from the detectors.  The view of the VID systems was obscured at 90 s 
after ignition in Test F-8 in which the fire was 60 m from the detectors.   
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Figure 7.22.  Ceiling smoke optical densities measured 15 m and 30 m from fire location in Test F-6 
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7.3.2 Response of Fire Detection Systems 

 
The response times of the fire detector/detection systems to a 0.36 m2 fire located 

behind a vehicle are summarized in Figure 7.23.  The response times of the two linear 
heat detection systems were not affected by the change in fire locations.  The 
performance of the flame detector D-3F1 and the three VID systems were affected by the 
change in fire location.  

 
The linear heat detection system D-1L1 responded to the fires at 30 s and 32 s 

when the fire was located 32 m and 60 m from the wall mounted detectors, respectively. 
 
The linear heat detection system D-2L2 detected the fires at 29 s and 31 s when 

the fire was located 32 m and 60 m from the wall mounted detector, respectively.   
 
The optical flame detector D-3F1 detected the fire at 25 s when the fire was 

located 32 m from the detector.  It did not respond to the fire when it was located 60 m 
from the detector, since the distance was greater than its maximum detection distance.  

 
The flame/smoke VID system D-4C1 responded to the fire at 47 s when the fire 

was located 32 m from the detector.  It did not respond to the fire when it was located 
60 m from the detector. 

 
The flame/smoke VID system D-5C2 detected the fire at 24 s when the fire was 

located 32 m from the detector.  It did not respond to the fire when it was located 60 m 
from the detector. 

 
The flame VID system D-6C3 responded to the fires at 6 s when the fire was 32 m 

from the detector and 18 s when the fire was 60 m from the detector.  
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Figure 7.23.  Response times of fire detectors/detection systems to a 0.36 m2 fire located behind 
the vehicle at two locations 
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8. SUMMARY 
 

The performance of the fire detectors/detection systems was investigated in a 
series of fire tests conducted in an operating tunnel in Montreal, Canada.  The tests 
investigated the response of fire detectors/detection systems to the fire scenarios in an 
operating tunnel environment at their maximum detection range.  The results were also 
compared to those obtained in tests conducted in the laboratory tunnel facility.   

 
The fire scenarios used in the tests included a small gasoline pool fire, a gasoline 

pool fire located underneath a simulated vehicle, and a gasoline pool fires located behind 
a large vehicle.  Four airflow velocities were used in the tests: 0 m/s, 1.3 m/s, 2 m/s and 
2.4 m/s.  The fire size varied from 125 kW to 650 kW.  

 
The tests were field tests only, and variations were made to the type of fire, tunnel 

air velocity, distance between the fires and detector locations, and fire sizes, within any 
set of tests.  Therefore, it was not intended that individual detector performance (response 
time) could be directly linked to any of these variable test parameters in such a limited 
test program.  Replicates of test were not undertaken.  Therefore conclusions are limited 
to general observations of performance.  The tests conducted in the laboratory tunnel in 
Tasks 2 and 7 [1-2] provide a more detailed analysis of the impacts of fire types and 
airflow velocity on detector response. 

 
The fire characteristics, including temperatures and smoke spread in the tunnel, 

were measured in the tests.  The activation time of each detector/detection system under 
various ventilation conditions was recorded.  The ability of the detection systems to 
locate and monitor the fire was also evaluated.  General observations on the performance 
of fire detectors/detection systems in test series are as follows: 

 
• The performances of the fire detection systems were generally consistent with 

those observed in the laboratory tunnel tests under the same test conditions. 
• The pool fires located underneath a vehicle were more difficult to detect than 

the fires located behind a vehicle.  The response times of fire detection 
systems for the fire located underneath a vehicle were generally longer than 
those for the fire located behind a vehicle. 

 
Observations on the response of the linear heat detection systems are as follows: 
 
• The linear heat detection systems were able to respond to small fires based on 

the rate of rise of temperature, even though the ceiling temperature was not 
high.  The response time of the linear detection system D-1L1 to a small open 
pool fire (125 kW) ranged from 22 s to 33 s, and the response time of the 
linear detection system D-2L2 ranged from 41 s to 45 s.   
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• The response times of the linear heat detection systems were not affected by 
fire location in the tunnel, as the fires were always near a section of the cable.  
The detection times increased with an increase in airflow speed as the ceiling 
temperature decreased. 

• The linear heat detection system D-1L1 was able to determine the fire location 
to within 2 m range but the hot spot identified by the system under 
longitudinal airflow conditions was not the real fire location.  

 
Observations on the response of the optical flame detector D-3F1 are as follows: 

 
• The optical flame detector D-3F1 was able to detect all fires within its 

detection range.  The detection time ranged from 25 s to 76 s in the test series, 
depending on the fire scenario, fire size and airflow conditions.   

• The detector did not respond to the fire, when it was located beyond its 
maximum detection distance (~30 m).   

• Its performance was affected by an increase in airflow speed. 
 

Observations on the response of the three VID systems are as follows: 
 

• The three VID systems were able to detect the small open fires (125 kW) at 
their maximum detection range (~60 m).  The change in location of the small 
open fire in the tunnel had a limited impact on the performance of Detectors 
D-4C1 and D-6C3, but had a substantial impact on the performance of D-5C2.    

• The performance of the three VID systems was affected by longitudinal 
airflow conditions.  Both D-4C1 and D-5C2 were able to detect the fire 
located underneath a vehicle at the three airflow speeds.  The response time 
was either decreased or increased depending on the airflow velocity.   

• The airflow conditions made it more difficult for D-6C3 to respond to the fire.  
It detected the fire in the tests with an airflow speed of 1.3 m/s and 2.4 m/s but 
did not respond to the fire at an airflow speed of 2 m/s. 

• Both D-4C1 and D-5C2 were able to detect the fire located behind the vehicle 
when the fire was 32 m from the detectors, but did not respond to the fire 
when it was 60 m from the detectors.   

• D-6C3 detected the fire at both locations but the response time increased with 
an increase in distance. 
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