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AB S T R ACT  
Dur ing fire tes ts  in a Dutch tunnel thir teen tes ts  were done with l inear  fire detection s ys tems . 
One fire detection s ys tem was  a glas s  fiber  s ys tem and the two other  s ys tems  were line 
detector  s ys tems . T he fire s ize, the place of the fire according to the pos ition of the detectors  
and the longitudinal venti lation s peed were var ied. T he aim was  to determine the time 
between ignition of the fire and fire detection and to determine the place accuracy. 
Another  four  tes ts  were done with an open deluge s pr ink ler  s ys tem on a van and as  build 
trucks .  T he s pr inklers  provided large water  drops . T he aim was  to get information if a fire 
could be ex tinguis hed or  not. T he s pr inkler  tes ts  were done in combination with or  without 
longitudinal venti lation to know the effect of the longitudinal venti lation on s pr inkler . 

1  I NT R ODU CT I ON 
Dur ing 2000/2001 the Centre for  T unnel S afety of the Minis tr y of T rans por t car r ied out ful l-
s cale fire tes ts  in the S econd Benelux tunnel near  Rotterdam.  
 
T he objectives  of the tes ts  were to give ans wer s  to ques tions  ar is ing from cur rent proj ects  
and to fi l l in gaps  in ex is ting knowledge about fire s afety in tunnels  build in the Nether lands . 
Bas ed on a l iterature s tudy and dis cuss ions  with des igner s  and rescue personnel involved in 
ongoing projects  s even main goals  were defined:  
1. A better  under s tanding of heat-  and s moke propagation in time, bas ed on developing fires , 

in relation to chances  for  es caping. 
2. T he influence of longitudinal venti lation on fire s ize and fire development.  
3. Knowledge of the cons equences  of a large drop s pr inkler  on the fire development;  the 

s pread of s moke and s team, the temper ature of s moke/air  in the tunnel and the 
temperature of other  (not burning) vehicles  near  the fire. 

4. T he working of linear  fire detection s ys tems  for  the detection time and accuracy of locating 
the pos ition where the fire occur s .  

5. T he qualitative vis ibi lity of s everal types  of es cape route s igning. 
6. T he accuracy of CFD-methods  for  predicting fires  in tunnels . 
7. Providing information to involved par ties  by s howing the ex tent and character is tics  of fires  

in tunnels ,  helpful for  better  under s tanding and decis ion making in the choice of s afety 
equipment. 

 
A s er ies  of tes ts  were defined in order  to achieve goals  1-4. Goal 5 was  adres s ed dur ing thes e 
tes ts .  I n order  for  the CFD predictions  (goal 6) to really be a prediction, they were per formed 
before per forming the tes ts .  I n order  to achieve goal 7, all  tes ts  were recorded with 6 video 
camera’s  and s everal people were invited to obs erve the tes ts .   
 
T he s er ies  of tes ts  was  specified in four  categor ies :  
1. Category 1:  heat-  and s moke propagation:  6 pool fires  with n-heptane/toluene 
2. Category 2:  effect of the venti lation on the fire:  3 car  fires  and 3 truck fires  
3. Category 3:  s pr inkler  tes ts :  1 van fire,  2 truck fires , 1 large fire in a truck load 
4. Category 4:  fire detection:  8 tes ts  with s mall fi res  and 5 tes ts  in combination with other  

categor ies .  
 
T he tes ts  were car r ied out in the 2e Beneluxtunnel near  Rotterdam. T his  brand-new tunnel 
was  well appointed for  the tes ts  and refurbis hed afterwards  before opening the tunnel for  
traffic. 
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T he tunnel is  a s ink tunnel cons is ting in 3 tubes  for  traffic, 1 tube for  s low traffic and 2 tubes  
for  the Rotter dam metro.  T he tes ts  were done in one of the traffic tubes , having a rectangular  
cros s  s ection with a height of 5 m and a width of about 10 m. T he tunnel length is  about 900 
m, the tes t s ite was  at 265 m from the ex it por tal . T he tunnel is  equipped with longitudinal 
ventilation and es cape door s  every 100 m. T he dr iving direction is  uni-directional as  us ual in 
T he Nether lands  for  s uch tunnels . 
 
T his  paper  deals  with the tes ts  of the category 3 :  s pr inkler  and 4 :  fi re detection. 

2  B ACK GR OU ND OF  T H E  T E S T S  

2 .1  T es t s  on  f i r e det ect ion  
T he need to us e fire detection s ys tems  can be des cr ibed for  two s ituations :  
1. Automatic detection of a fire makes  it pos s ible to take fol low-up actions  l ike warning road 

us er s  and fire br igade, s tar ting ventilation and pumps  automatically without the us e of a 
human oper ator . 

2. Us ing an automatic s pr ink ler  sys tem with ex ternal water  valves  implies  the us e of 
automatic detection to know both the pres ence of a fire and the location of the fire. 

 
S ince over  30 year s  the cur rent s ituation in T he Nether lands  is  the us e of traffic detection 
loops  in the road s ur face, clos ed circuit cameras  along each tunnel tube, intercom every 100 
m and a 24 hour  s urveil lance of each highway tunnel. S pr inklers  are not us ed. 
A weak point in controll ing the tunnels  could be the human factor . For  that reas on s ome fire 
br igades  as ked for  automatic fire detection s ys tems  in new tunnel proj ects . 
 
S everal types  of fire detections  pas s ed the revue in the dis cuss ion, bas ed on the fol lowing 
pr inciples :  
• vis ibil ity :  meas ur ing s moke being much ear lier  than flames , being a proven 

s ys tem, requires  a lot of meas ur ing points  to detect quickly;  
• tox icity :  meas ur ing s moke being much ear lier  than flames , requires  a lot of 

meas ur ing points  to detect quickly,  need much maintenance;  
• heat- radiation  :  heat radiation can be expected later  than s moke, requires  a lot of 

meas ur ing points  to avoid s creening by car s  and trucks  if meas ured 
lengthwis e;  

• heat- temperature :  meas ur ing temperature r is e by pas s ing s moke, l ine detector  s ys tems  
s eems  to be s imple and without a lot of maintenance and meas ure als o 
heat- radiation;  

• image-proces s ing :  meas ur ing flames  or  s moke or  both, the s ys tems  needs  for  s moke 
enough contras t agains t walls  which can be a problem with low l ighting 
levels  and/or  dir ty walls . 

 
A decis ion was  made to inves tigate fur ther  on the meas ur ing of temperature by l inear  
detection s ys tems . T hey are able to detect both the pres ence of a fire and the location of a 
fire. 
T he tes ts  to be done s hould give ans wer s  on questions  l ike:   
• how do l ine detection s ys tems  of s everal types  and/or  makes  react on different types  of 

fires ? 
• what will  be the (delay) time between ignition and detection of a fire? 
• how accurate is  the location of the fire detected? 
• what will  be the effect of a longitudinal air  flow on the pos s ibi lity of detection? 
• what will  be the effect of the hor izontal dis tance in the cros s  s ection  between the cables  

and the place of fire? 
• will  upr ight exhaus t pipes  of trucks  give fals e alarms ? 
• which unexpected problems  can happen us ing s uch s ys tems ? 
 
For  the tes ts  s everal deliverer s  were invited to take par t in the tes t program. I n the end three 
of them reacted pos itive and s howed their  s ys tem(s ). T his  paper  does  not give the names  of 
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the firms  nor  the type-names  of the sys tems . T he purpos e of the tes ts  was  to gain 
information about the operation and pos s ibi lities  of s uch s ys tems , not to compare makes  and 
types  and not to approve s ys tems . 

2 .2  T es t s  on  open deluge s pr inkler  s ys t em 
I n T he Nether lands  the dens ity of population is  very high. As  a res ult the diver s ion of 
dangerous  trans por ts  to avoid tunnels  in highways  becomes  more and more difficult and 
undes irable. T his  leads  to the wis h to allow all k inds  of trans por tations  of goods  through the 
highways  tunnels .  Becaus e dur ing a large par t of the day the tr affic intens ity on Dutch 
highways  is  high the s afety equipment s hould help to avoid too high r is ks  for  road us er s . 
Within this  background a dis cuss ion s tar ted about the us e of s pr inkler  s ys tems . 
 
Bas ed on a l iterature s tudy and exper iences  from Japan and Aus tralia it was  concluded that in 
the Dutch s ituation s pr inkler s  would only be able to help to avoid BLEVE’s  of mainly LPG-
trans por ts . T he purpos e of a s pr inkler  s hould be then cooling of the fire its elf and cooling of 
tanker s  near  the fire s ite. For  s uch a purpos e large drop s pr inklers  in combination with the 
longitudinal venti lation would fit.  
 
I n Piarc 1999 [1]  s ome dis advantages  of s pr inkler  are mentioned:  
1. Water  can caus e explos ion in petrol and other  chemical s ubs tances  if not combined with 

appropr iate additives  
2. T here is  a r is k that the fire is  extinguis hed but flammable gas es  are s til l  produced and may 

caus e an explos ion 
3. Vapor is ed s team can hur t people 
4. T he efficiency is  low for  fires  ins ide vehicles  
5. T he s moke layer  is  cooled down and de-s tratified, s o that it wil l cover  the whole tunnel 
6. Maintenance can be cos tly 
7. S pr ink lers  are difficult to handle manually 
8. Vis ibility is  reduced 
 
I n the Dutch tes ts  we examined the numbers  3,  4, 5 and 8.  S upplementary purpos es  of the 
tes ts  were:  
• I nfluence on living conditions  in the tunnel l ike temperature, radiation and vis ibi l ity. 
• I nfluence of delayed s witching on the s pr inkler  
 
T he tes ts  gave the pos s ibil ity to s how the phenomena directly to fire br igades , des igners ,  
owner s  of tunnels  and to decis ion maker s .  
 

3  T E S T S  ON L I NE AI R  F I R E  DE T E CT I ON S YS T E MS  

3 .1  Des cr ipt ion  of  t he f i r e det ect ion  t es t s   
One linear  detection s ys tem cons is ted in a glass  fiber  detector  cable. T he two other  types  of 
cables  contained electronic s ens or s  on regular  dis tances  of s everal meter s . 
 
T he pos ition of the cables  is  given in figure 1. T he detection cables  were mounted 35 meter s  
lengthwis e at each s ide of the fire location (total length ~ 70m). 
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5,1 m 

9,8 m 

Detection lines 1 

Fire 
Pos. 2 

Detection lines 2 

Fire 
Pos. 1 

left driving lane right driving lane 

Fire 
Pos. 3 

Figure 1  Position of detection cables and fire location in the tunnel 

T he computer s  of the three s ys tems  regis trated at leas t two types  of alarms :  pass ing a 
maximum temperature and pas s ing a maximum temperature differential. Bas ed on their  own 
exper ience and knowledge the deliverers  adjus ted the alarm levels  as  they thought the bes t 
one. 
 
T able 1 gives  an overview of all detection tes ts , the numbers  fit in the number ing of the over -
all fi re tes ts  program. 
 
T es t nr . T ype of fire F ire pos ition Wind s peed purpos e 

0C 6 ltr  pool 0,5 m2 Pos . 1 0 m/s  Fals e alarm tes t 
0D 6 ltr  pool 0,5 m2 Pos . 2 0 m/s  Fals e alarm tes t 
0E 12 ltr  pool 1,13 

m2 
Pos . 1 0 m/s  Alarm required 

0F 12 ltr  pool 1,13 
m2 

Pos . 1 3 m/s  Alarm required 

0G 12 ltr  pool 1,13 
m2 

Pos . 1 5 m/s  Alarm required 

0H 12 ltr  pool 1,13 
m2 

Pos . 3 3 m/s  Alarm required 

0I  12 ltr  pool 1,13 
m2 

Pos . 1 0 m/s  Alarm required 

0J T ruck with 
upr ight exhaus t 

pipe 

Pos . 1 0 m/s  Fals e alarm tes t 

1 4 MW pool fire Pos . 1 0 m/s  Alarm required 
2a/2b 4 MW pool fire Pos . 1 1 m/s  Alarm required 

4 15 MW pool fire Pos . 1 2 m/s  Alarm required 
11 Van (max. 7 MW) Pos . 1 1 m/s  Alarm required 
12 s imulated truck 

load (max. 6 MW) 
Pos . 1 3 m/s  Alarm required 

T able 1  Overview of conducted detection tes ts  
 
T he 0,5 m2 and 1,13 m2 pool fires  were conducted with 85%  ethyl-alcohol,  the other  pool fires  
in the tes ts  1,  2 and 4 with 60%  heptane / 40%  toluene. 
T he choice of the s mall fire s izes  (0,5 m2 and 1,13 m2) is  bas ed on national codes  but als o 
related to the expected s ize of a s tar ting fire.  
T he fire pos itions  were var ied in order  to meas ure the influence of pos ition related to the 
detection cables .  T he wind s peed was  als o var ied in order  to meas ure its  influence on time 
and location of detection. 
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Cables  in tunnel. S mall pool fire Upr ight exhaus t 

pipe 
 
F igure 2  Pictures  of tes ts  

3 .2  R es u lt s  of  f i r e det ect ion  t es t s  
T he res ults  of the meas urements  for  the 3 detection s ys tems  are given in table 2. 
T o ens ure that no compar is on between deliverers  and types  wil l  be made no notification or  
s ys tem des cr iptions  are given. 
T he time given is  the delay time from ignition and the dis tance given is  the dis tance between 
the location of detection and the fire s ite. 
 

T es t 
nr .  

S ys tem A S ys tem B S ys tem C 

 L ine 1 L ine 2 L ine 1 L ine 2 L ine 1 L ine 2 
 min: s  m  min: s  m  min:

s  
m  min:

s  
m  min:

s  
m  min:

s  
m  

0C No detection 
OK 

No detection 
OK 

07: 1
0 

4,
0 D 02: 4

0 
3,
2 D No detection 

OK 
No detection 

OK 
0D 

07: 05 0,
6 M No detection 

OK 
02: 1

8 

-
0,
2 

D 04: 0
8 

-
6,
8 

D No detection 
OK 

No detection 
OK 

0E 
   00: 56 0,

6 
D 04: 2

2 

-
8,
7 

D 01: 1
0 

-
0,
8 

D    00: 3
6 

-
0,5 

D 

0F       06: 4
0 

27
,3 V 03: 4

0 
9,
1 V       

0G 
         06: 3

0 

-
0,
8 

V       

0H       05: 5
0 

23
,1 D 07: 4

0 
23
,0 D       

0I     04: 45 0,
6 M 02: 5

0 
1,
9 D 00: 5

3 
1,
2 D    00: 3

6 1,5 D 

0J 
         

12: 4
0 

2,
0 D    

No detection 
OK 

1 
01: 59 0,

9 D 00: 16 0,
8 D 01: 1

7 
4,
0 D 00: 3

7 

-
0,
6 

D 02: 0
7 3,9 M 00: 2

3 3,7 D 

2a/2b 
01: 31 

0,
9 D    

01: 1
7 

1,
8 D 

00: 4
5 

1,
6 D 

02: 2
1 

-
0,1 M 

00: 2
4 0,7 M 

4       01: 0
0 

0,
5 D 00: 4

0 
2,
2 D 00: 4

6 1,7 D 00: 3
8 0,5 D 

11          01: 1
8 

2,
0 D    01: 0

3 2,7 D 

12 
         

03: 4
1 

1,
3 D    

02: 5
3 4,7 D 

T able 2  Overview of tes t res ults  
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On the place of the white blank cells  an alarm s hould have been given. T he grey blank cells  
explain which s ys tems  were already out of us e. 
 
T he maximum temperatures  meas ured by the s ys tems  were for  each tes t in the s ame range 
(about 20-30°C) however  their  location differed more than 20 meter s  in the tes ts  0F, 0G and 
0H with wind s peeds  3-5 m/s . 
 
From the tes t s er ies  0C –  0I  can be s een s ys tem B generates  the mos t alar ms  leading to the 
conclus ion the alarm level of sys tem B is  lower  than s ys tem A and C. T his  leads  to undes irable 
fals e alarms  in the tes ts  OC, OD and OJ. At the other  hand higher  alarm levels  did not 
generate alarms  with wind s peeds  more than 3 m/s  which can be s een from the res ults  of 
s ys tem A and C. 
 
From tes t 0E and 0I  can be concluded if a detection cable is  r ight above a fire an alarm can be 
expected to occur  within 1 minute. However  if the fire is  not j us t beneath the detection cable 
delay times  up to 4-5 minutes  can be expected. 
From tes ts  0F-0H the influence of wind s peed can be s een. Normal wind s peeds  in a tunnel up 
to 3-5 m/s  res ulted in alarm delay times  of 5-7 minutes  for  s mall fi res . Even the larger  fire in 
tes t 12 res ulted in a delay of almos t 4 minutes . 
T he larger  pool fires  of the tes ts  1-4 are all generated within 1 minute. T hes e fires  s tar ted at 
the beginning with 2-3 MW. 
 
T he location of the fire is  given mos tly with an accuracy of les s  than 5 meter s  from the fire 
s ite.  However  with wind s peeds  more than 3 m/s  s ys tem B gave an alarm more than 20 
meter s  from the fire s ite, the other  s ys tems  gave no alarm at all .  

3 .3  Conclus ions  on  f i r e det ect ion  
From the tes ts  on fire detection can be concluded:  
1. I n combination with a wind s peed les s  than 1 m/s  s low developing fires  wil l be detected 

within 1-3 minutes  if j us t r ight beneath the detection cable. 
2. I f a s low developing fires  is  not j us t r ight beneath a detection cable or  if the wind s peed is  

higher  than 3 m/s  no alarms  can be expected;  if an alarm is  generated the time delay can 
be expected to be 5 minutes  or  more. 

3. Fas t developing fires  will near ly always  be detected within 3 minutes  independent of the 
wind s peed. 

4. T he location accuracy can be expected les s  than 5 meter s .  
5. T o avoid fals e alarms  (for  ins tance by upr ight truck exhaus t pipes ) a relative ins ens itive 

adj us tment is  needed, however  on the contrary this  implicates  the lack of alarms  with high 
wind s peed. 

 

4  T E S T S  ON OP E N DE L U GE  S P R I NK L E R  S YS T E MS  

4 .1  Des cr ipt ion  of  t he s pr inkler  t es t s   
 
T o examine the as pects  mentioned in par agraph 2.2 the s pr inkler  tes ts  11-14 were defined as  
des cr ibed in table 3 (T he numbers  fit to the tes ts  in the total tes t program):  
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T es t nr . T ype of fire Main tes t purpos e 

11 Van loaded with 
wood and 3 tyres , 
total fire s ize 
potential 15 MW 
(reached 7,5 MW) 

T o examine the s et free of s team by heating up the van 
as  much as  pos s ible while the van is  s taying clos ed to 
avoid too much direct contact with s pr inkler  water  and 
fire, s pr inkler  to be s witched on 10 minutes  after  
ignition ( in reality 13 min.) 

12 As  build aluminium 
load cabine of a truck 
with 36 wood cr ibs  
and 3 tyres ,  fire s ize 
potential 20 MW 

T o determine vis ibil ity reduction by water /s team/s moke;   
s pr inkler  to be s witched on 3 minutes  after  ignition, the 
3 minutes  per iod can be s een as  the minimum time 
needed for  detecting a fir e and s tar ting up the pumps , 
traffic is  l ikely s ti l l  dr iving on and not yet s topped.  

13 S ame as  12 T o determine vis ibil ity reduced by water /s team/s moke;   
s pr inkler  to be s witched on 10 minutes  after  ignition, 
the 10 minutes  per iod can be s een as  needed for  
s topping the traffic and giving time to road us er s  to 
es cape from the tunnel tube with fire 

14 72 wood cr ibs  and 8 
tyres ,  
fi re s ize potential 36 
MW (reached 26 MW) 

T o examine the warming up of a tanker  or  truck near  
the fire and the cooling down by s pr inkler , 
a tanker  was  placed on a dis tance of 5 m from the fire 
equipped with temperature meas ur ing points  (thermo 
couples ) 

T able 3  Des cr iption S pr inkler  tes ts  11 –  14 
 
T he s pr inkler  s ys tem cons is ted of a s pr inkler  s ection of 17,5 m length above the fire s ite and 
a s econd s ection with a length of 20 m downs tream the fire s ite joined to the previous  one. 
T he s pr inkler  s ections  were made of trans ver s e pipes  each with 3 s pr inkler  heads  “old s tyle”. 
T he lengthwis e dis tance between the pipes  was  2,5 m. T he s pray dens ity on the floor  was  
des igned as  12,5 mm/min. Both s ections  could be s witched on by hand independently.  
T he local fire br igades  provided water  s upply and water  drainage becaus e the tunnel s ys tems  
were not des igned for  the required amount of water  to be handled in the tes ts .  
 
F igure 3 gives  an overview of the tes t facilities :  
 

 

 

 

Water  s upply Manifold S pr inkler  pipes  and heads  
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van with wood cr ibs  alum. load cabine 

with wood cr ibs  
72 wood cr ibs  and tanker  on 
s hor t dis tance 

Figure 3  photo’s  s pr inkler  tes ts  
 

4 .2  R es u lt s  of  t he s pr inkler  t es t s  
T he photo’s  in figure 4 give an impres s ion additional to the des cr iption of the examined 
as pects  of a s pr inkler  s ys tem. 
 

  
T es t 12  load cabin cooled down by s pr ink ler  T es t 14  wheel and plas tic mud guard 

of tanker  
 

 
 T es t 14  s ituation 50 m downs tream  minutes  after  
extuingis hing 
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F igure 4  photo’s  s pr inkler  tes ts  
 
 
T he res ults  of the s pr inkler  tes ts  are dis cus s ed per  as pect:  
 
T he s moke layer  is  cooled dow n and de-s t r at i f ied 
T his  is  true. Downs tream the fire no real s tratification is  pres ent. Near  the fire s tratification 
will  be pres ent in s ome extend unti l  the fire is  cooled down or  extinguis hed. 
 
Vis ibi l i t y i s  r educed 
I mmediately after  s witching on the s pr inkler  the vis ibi lity is  brought back to les s  than 10 
meter . A combination of s moke, water  drops  and s team reduces  the vis ibility.  
 
Delayed s w it ch ing on  t he s pr inkler   
Before s witching on the spr inkler  it is  neces s ary to s top the traffic to avoid s econdary 
accidents  due to reduced vis ibil ity and fr ightening effects  by car  dr ivers . A delayed s witching 
on the s pr inkler  leaded to an outbur s t of the fire after  s ome time, but when s witching on the 
s pr inkler  the water  could reach the fire res ulting in extinguis hing. A rather  quick s witching on 
cooled down the aluminium cover ing res ulting in a cer tain fire s ize.  T he fire could not be 
extinguis hed however  be prevented to become lar ger . 
 
E xt ingu is h ing ef f iciency is  low  for  f i r es  ins ide vehicles  
Fires  in clos ed cars  can hardly be extinguis hed however  can be kept within s ome s ize. T he 
s imulated truckload cabin in tes t 12 s tayed almos t complete while the fire was  burning 
caus ing a lot of s moke. I n tes t 13 (delayed s witching on the s pr inkler ) the cabin was  
des troyed and the fire was  quickly extinguis hed after  s witching on the s pr inkler . 
 
S t eam and l iving condi t ions  in  t he t unnel 
Unles s  s ome s pr inkler  water  evaporated the s team production was  not impres s ive. Mos t 
s team ar is es  if water  can reach the fire. T he meas ured “air ” temperatures  downs tream the 
fire were theoretically not above the levels  caus ing damage to humans , however  the author  
could not enter  the tunnel downs tream 5 minutes  after  extinguis hing the fire of tes t 14. 
 
 
Cooling ef f ect s  
Before s witching on the spr inkler  the tanker  was  warmed up to 350°C. T he s pr inkler  above 
the tanker  caus ed a diminis hing of the temperature back to 100°C within 5 minutes  (the fire 
was  not s pr inklered) and in a fur ther  5 minutes  back to 50°C. 
 
Ot her  as pect s  
An additional tes t was  done us ing the s pr inkler  (without a fire) with a longitudinal venti lation 
s peed of 5 m/s  and without ventilation. As  a res ult the amount of s prayed water  on floor  level 
with ventilation is  half of the amount of that without ventilation unles s  a large water  drop 
s ys tem was  us ed. I t is  as s umed that s mall water  drops  were blown away. T his  effect will  be 
larger  if s pr inkler  s ys tems  us e s maller  water  drops . 

4 .3  Conclus ions  on  open deluge s pr inkler   
From the s pr inkler  tes ts  the fol lowing conclus ions  can be drawn:  
1. S pr ink lers  do not extinguis h a fire in a clos ed car . 
2. A s pr inkler  s ys tem will  reduce the vis ibility immediately after  s witching on. Es cape routes  

can hardly be s een. Car  dr iver s  are not able to dr ive s afe through ‘the rain’.  
3. Large amounts  of s team are not to be expected for  fires  s maller  than 15 MW. 
4. After  extinguis hing a fire of ~ 25MW downs tream the fire the l iving conditions  are not 

cr itical however  s ti l l s evere. 
5. Other  vehicles  can be cooled down lower ing the chance of fire j umping over .  
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6. A reas onable longitudinal venti lation s peed of 5 m/s  wil l  reduce the extinguis hing effect of 
s pr inkler . 

5  U S I NG T H E  R E S U L T S  

5 .1  F ir e det ect ion  
I n the Dutch s ituation all tunnels  in highways  have traffic detection loops  in the road s ur face 
per  lane each 50-60 meter s  and a 24 hour  s urveil lance. Als o all thes e tunnels  are equipped 
with intercoms  giving connection to an operator . Bas ed on exper ience s uch provis ions  provide 
alarms  within les s  than 1-2 minutes . 
Mos t fires  s tar t becaus e of car  brake down and will  be very s mall in the ear ly phas es . I n 
combination with a regular  wind s peed (becaus e of the traffic) of 3-5 m/s  automatic detection 
s ys tems  will  detect s uch fires  with a delay of more than 5 minutes  or  will  not give an alarm at 
all .  
I t is  concluded that 
• fi re detection sys tems  will  help in detecting a fire, but  
• i f there is  no combination with an open deluge s pr inkler  s ys tem the advantages  are s mall 

and in many cas es  not wor thwhile the cos ts  becaus e of the pres ence of other  kinds  of 
detection and a 24 hour  s urveillance, however  

• i f there is  a combination with an open deluge s pr ink ler  s ys tem a l inear  fire detection 
s ys tem is  required to es tablis h the place of the fire with s ufficient accuracy, and 

• i f there is  no 24 hour  s urveil lance or  no other  means  to detect a fire a kind of automatic 
fire detection sys tem can be helpful.  

 

5 .2  S pr inkler  s ys t ems  
S pr ink ler  s ys tems  can be helpful to reduce the r isk  of fires .  However  s pr inkler  s ys tems  are 
very expens ive both in ins tallation and maintenance. I t s hould be kept in mind als o other  
equipment provis ions  or  meas urements  l ike organiz ing the traffic flow or  compos ition can be 
us ed. Mos t of thes e s olutions  are als o reducing the r is k if us ed in a proper  way and are much 
cheaper  than a s pr inkler  s ys tem. 
T herefore dis cus s ing the us e of a s pr inkler  s ys tem is  taking in account other  s olutions  and 
balancing r is k and cos ts . 
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