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1. Introduction 

1.1 Foreword 

This document was prepared by the research con-

sortium of the SOLIT
2
 (Safety-of-Life-in-Tunnels) 

research programme. This is an Annex of the main 

document “Engineering Guidance for a Com-

prehensive Evaluation of Tunnels with Fixed 

Fire Fighting Systems“ which focuses in particu-

lar FFFS as a compensatory measure for life safe-

ty and the protection of the infrastructure.  

This document focuses on the technical design of 

FFFS in tunnels. It was developed on the basis of 

the “UPTUN R251 Engineering Guidance for Wa-

ter Based Fire Fighting Systems for Tunnels and 

Sub-Surface Facilities”, produced as part of the 

European research project UPTUN (UPgrading 

methods for fire safety in existing TUNnels, 

www.uptun.net). Parts of this document “Annex 3: 

Engineering Guidance for Fixed Fire Fighting Sys-

tems in Tunnels” were derived directly from the 

UPTUN R251 Engineering Guidance document. 

Furthermore, results of the initial SOLIT research 

project carried out during 2004 and 2006 have 

been used as input for this guideline document. 

This document is produced exclusively for appro-

priately qualified and experienced people who un-

derstand tunnel safety systems and their 

interfaces, in particular for fire protection 

measures. It is not intended to replace national 

standards or codes that may demand higher engi-

neering requirements than described herein. How-

ever, this document should be considered as a 

minimum standard for FFFS. Its content shall only 

be applied in the context of the main document 

“Engineering Guidance for a Comprehensive Eval-

uation of Tunnels with FFFS”. 

1.2 Purpose 

The purpose of this document is to provide infor-

mation on the minimum requirements for the de-

sign, installation and maintenance of FFFS in 

tunnels for the protection of users, fire services, 

equipment and the tunnel itself. This document 

does not comment on fire testing, but expects that 

all systems installed in tunnels will have passed 

suitable full scale type testing in controlled test 

conditions. It is the designer’s responsibility to as-

sess and develop the design of any FFFS in ac-

cordance with the parameters found to be effective 

in full scale fire tests. Authorities having jurisdiction 

shall examine any such design prior to its imple-

mentation. The design and installation shall in all 

cases comply with the relevant national standards. 

1.3 Application and Scope 

This engineering guidance document specifies re-

quirements for FFFS for road and rail tunnels. In 

addition, this document may be applied to other, 

similar applications such as mine tunnels, under-

ground stations and service or utility tunnels. It is 

the responsibility of the designers and authorities 

having jurisdiction to examine the suitability of this 

guidance for a specific application and whether 

any deviating or additional measures not being de-

scribed herein should be applied.  

This document does not cover any other fire 

fighting equipment in tunnels such as hydrants, 

wall cabinets and portable extinguishers.  

1.4 Related documents 

Relevant standards and codes shall be considered 

where appropriate. These include, but are not lim-

ited to: 

2004/54/EC, Minimum safety requirements for tun-

nels in the Trans-European road network. 

EN 54-4, Fire detection and fire alarm systems. 

EN 12094-1, Components for gas extinguishing 

systems. 

EN 12259-1, Components for sprinkler and water 

spray systems. 

EN 12845, Automatic sprinkler systems – Design, 

installation and maintenance. 

EN 1418, Approval of welding operators - Fusion 

and Resistance Welding. 

prEN 14816, Water spray systems – Design and 

installation. 

prEN/TS 14972, Water mist systems – Design and 

installation. 

EN ISO 14847, Rotary positive displacement 

pumps – Technical requirements (ISO 

14847:1999). 

EN 15004-1 Gas extinguishing systems. 

EN 50126: Railway applications - The specification 

and demonstration of Reliability, Availability, Main-

tainability and Safety (RAMS) 

IEC 61508: Functional safety of electri-

cal/electronic/programmable electronic safety-

related systems (Parts 1-7) 

97/23/EC, Pressure Equipment Directive. 

2006/42/EC, Machinery Directive. 

NFPA 13, Installation of Sprinkler Systems. 

NFPA 20, Standard for the Installation of Station-

ary Fire Pumps for Fire Protection. 
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NFPA 502, Standard for Road Tunnels, Bridges, 

and Other Limited Access Highways. 

NFPA 750, Standard on Water Mist Fire Protection 

Systems. 

RABT, Richtlinie für die Ausstattung und den Be-

trieb von Straßentunneln, der Forschungsgesell-

schaft für Strassen- und Verkehrswesen, Issue 

2006. 

UPTUN R251, Engineering Guidance for Water 

Based Fire Fighting Systems for the Protection of 

Tunnels and Sub Surface Facilities – Report 251, 

UPTUN WP2.5, 2006. 

1.5 Definitions 

Additives Chemical or mixture of chemicals 

intentionally introduced into the 

system e.g. for improving fire 

fighting performance or thermal re-

sistance 

AFFF Aqueous Film Forming Foam   

Area protec-

tion systems 

Automatic or manually activated 

fixed fire fighting systems intended 

to fight a fire in the whole of a pre-

determined area rather than pro-

tecting only individual fire risks lo-

cated in the area.  

Authority Hav-

ing Jurisdic-

tion (AHJ) 

An organisation, office or individual 

responsible for enforcing the re-

quirements of a code or a standard 

or for approving equipment, materi-

als, installation or a procedure. 

Bus systems A communication network built in 

tunnels  

CFD Computational fluid dynamics is a 

branch of fluid mechanics that uses 

numerical methods and algorithms 

to solve and analyse problems that 

involve fluid flows and combustion. 

Deluge sys-

tem 

Deluge systems are water-based 

FFFS, discharging water at low 

pressure in the form of a spray. Of-

ten referred to as sprinkler systems 

with open nozzles. 

Design pa-

rameters 

Parameters defining the detailed 

design of FFFS. 

Design pres-

sure 

Minimum pressure at the nozzle as 

defined in full scale fire tests. 

Fixed fire 

fighting sys-

Systems being permanently in-

stalled in tunnels for fire fighting 

tems (FFFS) purposes and having automatic or 

semi-automatic operation via a re-

mote control system. Examples in-

clude water mist, deluge and foam 

systems. 

Foam sys-

tems 

Fixed fire fighting systems applying 

a foam ratio over 4 as the fire 

fighting agent 

Full scale fire 

test 

Experimental fire tests organised in 

test facilities that are in similar 

scale with dimensions of tunnel as 

well as fire size. 

Heat release 

rate (HRR) 

The rate at which heat energy is 

generated by burning, expressed in 

BTU or megawatts (MW). 

High-pressure 

water mist 

Water mist system applying nozzle 

pressures above 35 bars. 

Layout pa-

rameters 

Parameters defining the general 

layout of a FFFS, e.g. distance be-

tween nozzles, maximum nozzle 

height, etc. 

Length of 

tunnel 

The distance from face of portal to 

face of portal measured using the 

centreline alignment along the tun-

nel roadway. 

Low-pressure 

water mist 

Water mist system applying nozzle 

pressures of less than 12 bars. 

Maximum and 

minimum 

pressures 

The maximum and the minimum 

working pressure of a component 

of the FFFS 

Maximum 

pump pres-

sure 

Maximum pressure provided by the 

pump und normal working condi-

tions. 

Medium pres-

sure water 

mist 

Water mist system applying nozzle 

pressures between 12 and 35 bar. 

Protection ar-

ea 

The total area covered when the 

maximum number of sections, that 

the pump system is able to supply 

at the design pressure, is activated. 

RAMS analy-

sis 

A tool for studying and designing 

Reliability, Availability, Maintainabil-

ity and Safety of FFFS and other 

safety systems in tunnel. 

SCADA Refers generally to tunnel control 

system and its user interface (su-

pervisory control and data acquisi-

tion) 

http://en.wikipedia.org/wiki/Fluid_mechanics
http://en.wikipedia.org/wiki/Numerical_methods
http://en.wikipedia.org/wiki/Algorithms
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Section An area covered by a set of noz-

zles, all of which are supplied 

through the same section valve.  

Section valve An automatic shut-off device which 

can be activated remotely and 

which separates the pipework of a 

section from the main supply pipe.  

Shall Indicates a mandatory requirement. 

Should Indicates a recommendation which 

is advised but not required.  

Safety Integri-

ty Level (SIL) 

Defined as a relative level of risk-

reduction provided by a safety func-

tion, or to specify a target level of 

risk reduction. 

Water-based 

FFFS 

A system permanently attached to 

the tunnel which is able to distribute 

a water-based extinguishing agent 

through all or part of the tunnel. 

Water mist 

system 

FFFS applying water as small drop-

lets as the fire fighting agent. The 

mean diameter of sprays Dv0,90 

measured in a plane 1 m from the 

nozzle at its minimum operating 

pressure is less than 1 mm 

2. FFFS for Tunnels 

2.1 General  

FFFS installed in tunnels can be subdivided into 

various classes depending on the agent used and 

the function performed. The top level of classifica-

tion is into water-based and non-water-based sys-

tems. Water-based systems can be further 

subdivided into deluge systems and water mist 

systems, both with and without the use of addi-

tives. Water mist systems may vary with respect to 

their working pressures; they are normally referred 

to as high and low pressure systems. Non-water-

based-systems include so-called foam systems. All 

of these systems have been applied to tunnels, 

although water-based systems not using additives 

represent the vast majority of installed FFFS. Con-

ventional deluge systems were mainly installed in 

the past, whereas water mist systems have be-

come mainstream over the last decade. Foam sys-

tems have only been used to a very limited extent 

because of their disadvantages.  

2.1.1 System types 

For detailed explanations of FFFS types and their 

specific working principles refer to Chapter 2.4.1 of 

the main document “Engineering Guidance for a 

Comprehensive Evaluation of Tunnels with FFFS”.  

2.1.2 The Effects of FFFS in Tunnels 

For the detailed effects of FFFS in tunnels as well 

as the mitigation of effects on tunnel users, rescue 

services and the infrastructure please refer to 

Chapter 2.4.2 and 2.4.3 of the main document 

“Engineering Guidance for a Comprehensive Eval-

uation of Tunnels with FFFS”.  

FFFS for tunnels are not designed mainly to extin-

guish fires but to suppress or control them. All 

FFFS – deluge systems, water mist systems and 

foam systems - are limited in their ability to fight 

fires inside or underneath vehicles. It is to be ex-

pected that fire in such obstructed locations will 

continue to burn after activation of the FFFS. The 

main purpose of FFFS is thus to mitigate the im-

pact of a fire. Even after activation, tunnel users 

and emergency personnel should anticipate fire in 

the tunnel when escaping from or approaching the 

area of risk respectively. 

2.1.3 Exclusion / Warning 

This guidance gives no recommendations for the 

use of glass bulb activated fixed water based sys-

tems in which sprinklers, spray heads or other 

components are activated or controlled individually 

by thermal elements such as glass bulbs. Consid-

ering the fire risk present in tunnels and the rapid 

development of fires and hot smoke as expected, 

the aforesaid systems shall not be used in tunnels. 

Fire tests have proven that individually activated 

sprinklers / spray heads do not provide the obliga-

tory level of protection and are very sensitive for 

the effects of ventilation.
 
 

To ensure fast, effective and efficient fire suppres-

sion, a group of nozzles forming a section shall be 

activated simultaneously in the area upstream and 

downstream of the fire.  

Subsequently, systems utilising glass bulb activat-

ed nozzles or combining such with open nozzles 

are considered unreliable for the protection in tun-

nels.  

Furthermore it can be expected, that due to the 

harsh environment and possible mechanical dam-

ages by e.g. antennas the integrity of glass bulbs 

cannot be ensured. Considering the long life time 

of a system, safe activation may not be guaran-

teed. 

The main document as well as the present annex 3 

deal mainly with deluge and water mist systems; 

furthermore – as far the consortium had infor-

mation and findings on – foam systems were con-

sidered. A summary of the findings of the SOLIT ² 
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research project and interpretations of the re-

search consortium to foam systems can be found 

in Sections 2.4.1 and 3.6 of the main document. 

Statements regarding compressed air foam FFFS 

are neither made in the main document nor in this 

Appendix 3 because the members of the research 

consortium had an insufficient information basis on 

this topic. This restriction does not apply to FFFS 

where an additive in the form of a film-forming 

agent is admixed to the water and having an ex-

pansion ratio of less than 4. 

3. System design 

3.1 General arrangement of FFFS 

FFFS described in this guideline are designed as 

so called “area protection systems”. Nozzles are 

normally installed under the ceiling and/or at the 

upper part of the side walls, pointing downwards or 

at the centre of the tunnel.  

In case of activation the fire fighting medium is dis-

persed into the protected area via these nozzles. 

The whole protected area is covered with nozzles 

which are grouped into sections.  

The sizing of section lengths shall be based on an 

analysis taking into account the fire test data.  

All sections are connected by section valves and a 

main water supply line to the pump unit.  

In case of activation of the FFFS (automatically by 

detection system or manually), at least one section 

valve will be opened accordingly and at least one 

pump unit will be started.  

The pump system will provide water at the mini-

mum pressure at least simultaneously for the de-

fined minimum number of sections (normally two or 

three).  

3.2 Basic design requirements 

The design of a FFFS shall in all cases be based 

on: 

 state of the art engineering methods, 

 the methods defined in the main document 
“Engineering Guidance for a Comprehensive 
Evaluation of Tunnels with FFFS “ 

 design parameters of the specific FFFS. 

 

As part of the design process for an FFFS for a 

specific tunnel the following aspects shall be con-

sidered as a minimum. The main document “Engi-

neering Guidance for a Comprehensive Evaluation 

of Tunnels with FFFS” describes general methods 

for the choice of system:  

 potential fire risk 

 level of protection 

 other safety measures in the tunnel 

 tunnel geometry 

 ventilation/wind conditions during a fire, includ-
ing interaction with emergency ventilation 

 type and performance of the fire detection sys-
tems 

 activation mode of the FFFS 

 any restrictions in positioning and fixing the 
pipework or nozzles 

 distance to emergency exits 

 signage and lightning   

 thermal conditions in the tunnel and its sur-
rounding 

 any specific requirements for the operation of 
the tunnel 

3.3 Design parameters and fire testing 

All major design parameters of any FFFS shall be 

derived from full scale fire testing. Such tests shall 

be performed in dedicated test tunnels suitable for 

such testing. The parameters of the tested FFFS 

and the test tunnel with its ventilation etc. deter-

mine the limits of the use of a specific FFFS in a 

tunnel, unless scaling of the results is specifically 

approved or otherwise acceptable to the authori-

ties having jurisdiction.  

Design parameters derived from fire testing shall 

include at least the following:  

 nozzle types and makes with respective K – 
factors 

 range of working pressures (min and max 
pressure)   

 nozzle positions (distances to walls, ceiling, 
angles, orientation, etc.) 

 distance between nozzles (longitudinal and 
transversal) 

 min. and max. height of installation of nozzles 

 min. and max. ventilation conditions 

 maximum fire size at time of activation  

 time to full operation after activation  

 min. and max. section lengths  

 min. and max. number of sections activated 
simultaneously 

 

NOTE: A specific type (make) of FFFS does not 

require to undergo fire testing for each individ-

ual tunnel it may be installed in, as long as the 

major design parameters of the actual tunnel to 

be protected are within the parameters of the 

tunnel used for fire testing. CFD modelling 

shall not however replace full scale fire testing. 
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For further information on requirements for fire 

testing see Chapter 3.6.2 of the main document 

“Engineering Guidance for a Comprehensive Eval-

uation of Tunnels with FFFS” and related Annex 7. 

“Fire Tests and Fire Scenarios for Evaluation of 

FFFS”. 

3.4 Mechanical design 

3.4.1 Tunnel environment and materials 

Equipment in tunnels shall be designed for a long 

life time, since a tunnel environment is normally 

very demanding on equipment and materials. Salt 

on the roads, high air humidity, locations close to 

the sea, vehicle exhaust pollution, particles from 

brakes or catenary, dirt and dust are typical as-

pects that require special consideration with re-

spect to corrosion. At the same time, the highest 

possible reliability and availability for a FFFS are of 

paramount importance. Important components 

such as pipes, section valves etc. which are being 

exposed to the tunnel environment or in contact 

with water shall therefore be of high grade stain-

less steel to AISI316 or higher. A corrosion re-

sistant coating shall not be used on such 

components. 

For details see for example ZTV-ING, Zusätzliche 

Technische Vertragsbedingungen und Richtlinien 

für Ingenieurbauten, Teil 5 Tunnelbau or other ap-

propriate guidelines for the specific country as well 

as the UPTUN R251 Engineering Guidance for 

Water Based Fire Fighting Systems for the Protec-

tion of Tunnels and Subsurface Facilities. 

If additives such as foam concentrates, anti-freeze 

agents or microbial control agents are used, all 

components coming into contact with such addi-

tives shall have adequate corrosion resistance.  

All materials used shall be in accordance with the 

requirements of the FFFS manufacturer. 

3.4.2 Location of components  

All components shall be installed in locations safe 

from damage by vehicles, e.g. in the event of an 

accident. Any components located in areas which 

can be reached by vehicles shall be protected by 

niches or solid mechanical protection capable of 

withstanding impacts from colliding vehicles. Spe-

cial attention shall be paid to the main pipework 

and section valves.  

3.4.3 Thermal effects and temperature rating 

Thermal effects shall be taken into account in the 

design of all mechanical components. Depending 

on the location in the tunnel and climate condi-

tions, thermal conditions may vary significantly. All 

components, especially pipework, shall be de-

signed for operation throughout the range of ex-

pected temperatures. Temperature ratings of all 

components shall be suitable for the operating 

temperatures during standby and operation. 

The normal operating temperatures shall be de-

fined as the expected minimum and maximum 

temperatures outside the tunnel during standby. 

These temperatures shall be applied to the whole 

tunnel if the tunnel length is less than 1 km. In the 

case of tunnels longer than 1 km, an assessment 

may be carried out to determine whether the mini-

mum operating temperature requirement may be 

adopted for the inner sections of the tunnel. For 

components installed in emergency exits or service 

galleries different operating temperatures may be 

acceptable, provided these areas are heated or in-

sulated. If a minimum temperature of less than 0 

°C is expected, the use of anti-freeze additives or 

heating devices shall be considered. 

In the event of fire, temperatures affecting the 

FFFS rise rapidly. Pipework which full of water dur-

ing standby is protected by a limited cooling effect 

before activation. All pipework will be provided with 

cooling after activation. For FFFS with no activa-

tion delay the effects of thermal expansion on 

pipework which is empty before activation shall be 

calculated applying sound engineering method us-

ing a design temperature of at least 250°C or as 

appropriate. For all water-filled pipework climatic 

temperatures shall be applied.  

For FFFS with delayed activation required by au-

thorities having jurisdiction, all FFFS components, 

whether the pipework is empty or filled with water 

during standby shall be capable of withstanding 

the anticipated temperatures before system activa-

tion. The same should apply to other safety com-

ponents and systems in the tunnel. 

3.4.4 Design lifetimes 

The design lifetimes of mechanical components 

shall be defined on a project by project basis. The 

design lifetime shall generally be a minimum of 20 

years for FFFS or as otherwise required by the au-

thorities having jurisdiction. This applies to all 

components and materials being used.  

3.5 Electric design 

The design of all electric equipment shall be based 

on relevant guidelines for such equipment for use 

in tunnels, taking into account the high require-

ments for availability and reliability of FFFS. Spe-

cial attention shall be given to the operating 

temperatures and environmental conditions.  
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3.6 Hydraulic design 

3.6.1 Pump system capacity and redundancy 

The pump system capacity shall be adequate to 

provide water and, where applicable, additives 

simultaneously for at least the defined minimum 

number of sections (normally two or three) at the 

minimum nozzle pressure at any location in the 

protected area.  

The pump system redundancy shall meet the 

specifications and support RAMS calculations. 

Minimum one redundant pump shall be included. 

3.6.2 Pressure loss calculations 

Pressure loss calculations shall be carried out to 

ensure that at least the minimum nozzle pressure 

will be achieved at all nozzles in all possible hy-

draulic situations. The applicable minimum nozzle 

pressure for all nozzles shall be the pressure as 

tested in the full scale fire tests.  

In systems using additives, the temperature of the 

fire fighting agent shall be taken into account for 

the determination of viscosity, depending on the 

minimum temperature in the tunnel. 

The following standards should be taken into ac-

count as general reference when hydraulic calcula-

tions are carried out for the FFFS components: 

 CEN/TS 14972 

 NFPA 750 

 EN 12845  

3.6.3 Water hammer effect 

The impact of water hammer shall be taken into 

account in the design of FFFS. Water hammer typ-

ically occurs in FFFS when section valves are 

closed too fast or empty pipes are filled (system 

deactivation or changing activated sections). Water 

hammer creates a pressure surge that can be criti-

cal especially for low-pressure systems and their 

components. Thus all section valves shall be de-

signed in such a way that this phenomenon is 

avoided.  

Water hammer occurs only if valves are closed 

faster than critical valve closing time, which is the 

time it takes for the pressure wave to travel 

through the pipework. When defining critical clos-

ing time tc, a safety factor of 2 should be applied. 

The calculation for the critical closing time is as fol-

lows: 

 


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Lpipe = Length of pipe between valve and pump sta-

tion [m] 

Bw = Bulk modulus of agent (water 20°: 

2.1·10
9
N/m

2
) [N/m

2
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ρ = density (water 20 °C: 998 kg/m
3
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3
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For example a 1000 m tunnel requires valves that 

take at least 2,75 seconds to close in order to pre-

vent water hammer when water is the pressure 

medium. Critical closing times for valves as a func-

tion of tunnel length are collected in the following 

figure 1 (pure water at 20 °C).  

3.6.4 Water quality and temperature 

Water quality requirements of FFFS shall be speci-

fied by the manufacturer. Normally water-based 

systems use either potable water or water used by 

other fire fighting systems in the tunnel. Sea water 

may also be used during activation. If sea water is 

used, the system shall be thoroughly flushed with 

fresh water after activation.  

Additives may be used for reasons such as protec-

tion against freezing, preventing tank deterioration 

or limiting microbiological growth. If such additives 

are considered to be a health hazard, safety data 

sheets shall be provided for the authorities having 

jurisdiction. Water quality shall be tested once a 

year or more frequently when appropriate. 

Additives should be analysed at least twice a year. 

If water and additives are in standby as a premix 

solution in pipes, it must be ensured that they will 

not separate into two phases. Continuous rotation 

 

 

Figure 1: Critical closing time of section valves as function of 
tunnel length 
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of the agents through the pipes shall be consid-

ered in order to avoid this. 

The agent temperature shall not exceed 54 °C in 

the pipework or tank during stand-by.  

3.6.5 Flushing, pressure and leakage testing 

Flushing of the pipework shall be planned and car-

ried out according to the manufacturer’s docu-

mented requirements. Pipes should be protected 

with plugs during installation to prevent the access 

of foreign material. 

Pressure testing shall be carried out in accordance 

with relevant standards at 1,5 times the design 

pressure. Pressure and leakage testing shall be 

witnessed by authorities having jurisdiction or their 

representatives. Documentation of pres-

sure/leakage testing shall be supplied at the time 

of commissioning. 

3.7 Design of the control system 

FFFS may be operated in different ways depend-

ing on the risks protected, system type, control 

systems used and applicable standards and legis-

lation. The main principles are explained on the 

thematic level in this chapter. 

The control system of the FFFS should at least 

match the requirements regarding reliability and 

availability as defined for the control system of the 

emergency ventilation. It is recommended to im-

plement all control systems for safety-critical sys-

tems in a tunnel with a SIL of 2 

3.7.1 Structure of the control system 

The control system typically consists of three parts: 

The main control system, the communication net-

work and sub-control systems as shown below in 

the simplified figure 2.  

3.7.2 Overall control system 

The control system of the FFFS may be integrated 

into the tunnel’s overall control system or be a 

separate system connected to it. Both systems are 

often located in the tunnel control room. 

The overall control system shall include a user in-

terface (e.g. SCADA), that is available for the tun-

nel operator in the tunnel control room, and where 

applicable, for the fire services at dedicated loca-

tions. The user interface shall provide information 

on the status of the main components such as the 

water tanks, pump station and section valves.  

The overall control system shall normally incorpo-

rate redundancy if so required by the authorities 

having jurisdiction or RAMS studies show this. 

3.7.3 Communication network 

The communication network is normally part of the 

BUS system installed throughout the tunnel and 

the control room. The network shall incorporate re-

dundancy for the case of cable breakage.  

3.7.4 Sub control 

Sub-control systems shall be installed in protected 

spaces such as emergency passages, fire points, 

technical rooms, etc.  

 
Figure 2: Typical structure of FFFS control system 
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The purpose of sub-control systems is to connect 

specific parts of the FFFS such as section valves 

or pump stations to the main control system. In 

addition, sub-control systems may provide func-

tions required locally, such as status monitoring or 

service and maintenance functions for pump units, 

valves, etc.  

3.8 Other design aspects  

3.8.1 Drainage 

Tunnel drainage systems shall be dimensioned to 

be able to evacuate the maximum flow rate of the 

FFFS in addition to standard requirements. If FFFS 

use additives, consideration shall be given to their 

collection and disposal.  

Pump stations shall have a drainage capacity 

equal to the maximum flow rate of the water sup-

ply. 

3.8.2 Fire detection and localisation 

A detection and localisation system shall be fore-

seen to provide the necessary signals to activate 

the FFFS within the required time and at the right 

location.  

The detection systems shall be able to detect and 

localise a test fire of 5 MW within 60 seconds (e.g. 

as defined in the RABT or other appropriate guide-

lines) with an accuracy as defined in Chapter 6.3. 

Operation and deactivation. 

It is recommended to use a more sensitive setting 

of the detection system to create a pre-alarm. 

3.8.3 Time to operation 

The full design flow rate shall be delivered from 

nozzles within 90 seconds of the activation signal.  

In systems in which the fire fighting agent may 

constitute a health hazard, an additional delay 

shall be considered in order to avoid the risk of 

people being exposed to the fire fighting agent. 

The additional delay for evacuation of people shall 

be defined by the authorities having jurisdiction. 

Basically a delayed activation should be avoided 

since the FFFS should be activated as early as 

possible. 

3.8.4 Ventilation 

The ventilation system shall operate during opera-

tion of the FFFS as tested during the type fire test-

ing.  

3.8.5 Electric power supply 

The power supply shall meet applicable national 

standards and legislation. Power supplies for FFFS 

shall have as a minimum the same level of reliabil-

ity as required for the ventilation and main control 

system. If the power supply does not meet these 

reliability requirements, diesel generators or bat-

tery back-ups shall be provided. Alternatively, die-

sel engine driven pumps may be used.  

3.8.6 RAMS (Reliability, Availability, Mainte-

nance and Safety) 

For the possible carrying out of RAMS studies as 

part of the design process of the FFFS see Chap-

ter 3.7 of the main document “Engineering Guid-

ance for a Comprehensive Evaluation of Tunnels 

with FFFS”. 

4. Components 

4.1 General 

Only components suitable for tunnel environments 

shall be used for FFFS. This refers especially to 

the materials used, maintainability, durability, etc. 

Owing to the special character of this application, 

there are no internationally accepted component 

tests for FFFS.  

The examination of individual cases and appropri-

ate test procedures used for other tunnel systems 

or FFFS in other application fields shall ensure the 

suitability of the components to be used. 

4.2 Nozzles and other discharge devices 

Nozzles and other discharge devices are compo-

nents that spray or distribute the fire fighting agent 

into the protected areas. Examples of such are 

deluge nozzles (“sprinkler spray heads”), water 

mist nozzles and other discharge devices (collec-

tively referred to as “nozzles” in the following).  

4.2.1 Installation 

The installation of nozzles shall comply with the 

manufacturer’s documented requirements in ac-

cordance with type testing fire tests. They shall be 

installed under the soffit or at the upper part of the 

tunnel walls, protected from traffic to avoid damage 

by vehicles as a result of accidents. Nozzles shall 

be arranged such that vehicles will not reduce their 

efficiency by blocking the spray to a critical extent. 

This applies especially to systems having nozzles 

installed on walls or with just one row of nozzles 

along the tunnel ceiling.  

Jet fans, lights, signalling and other possible ob-

structions shall be taken into account when in-

stalling nozzles. This may lead to local variations 

of nozzle spacing or lowering the installation posi-

tion of nozzles, for example below jet fans. Varia-

tions in tunnel geometry, e.g. emergency stop 
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lanes or other areas where vehicles potentially can 

enter, shall also be taken into account. 

Nozzles should cover the entire tunnel length start-

ing 10 m from the tunnel portal (with closed side 

walls) or as agreed with authorities having jurisdic-

tion. 

4.2.2 Marking 

All nozzles shall have a clear and permanent 

marking text. Stamping or engraving is recom-

mended. The marking shall identify the following 

information: 

 Manufacturer’s name 

 Part number 

 Manufacturing batch or tracking number 

 Year of manufacturer 

4.2.3 Maintenance 

Nozzles not containing movable parts shall not be 

tested by means of an actual activation to prevent 

foreign material from entering into the piping 

downstream the section valve and into the nozzle. 

Instead random samples in the amount of 0.5% of 

the installed nozzles shall be yearly removed from 

the installation and inspected for their full function.  

Nozzles containing movable parts shall be tested 

quarterly. Tests may be carried out by applying a 

different medium such as compressed air, but in 

this case such nozzles should be tested at least 

once a year with the actual fire fighting agent. 

4.2.4 Material and temperature tolerances 

Nozzles shall meet the requirements of the tunnel 

environment. Only high grade stainless steel shall 

be used for the nozzle body. The internal parts of 

nozzles should also be highly corrosion resistant.  

Nozzles shall be capable of withstanding extreme 

temperatures before system activation. If the sys-

tem is intended to be used in scenarios in which 

system activation is later than in the fire tests, suit-

able thermal tests and an assessment shall be car-

ried out.  

4.2.5 Filtration and protection caps 

Nozzles shall have a strainer to prevent clogging 

due to particles carried by the agent. Strainers 

shall have mesh sizes no greater than 80% of the 

smallest water passage in the nozzle. For nozzles 

comprising movable parts, strainers should have 

mesh sizes no greater than 80% of the smallest 

tolerance in the nozzle to prevent blocking of the 

movable part. 

Nozzles can have a means of applying protection 

caps to prevent foreign material from entering the 

nozzles. Such caps shall be releasable with no 

more than 50% of operating pressure in case of 

activation. 

4.2.6 Installation sockets 

Nozzles shall be installed in the piping with fittings 

or other methods that allow fast and easy re-

placement. Nozzles shall not be an integral part of 

the pipework. The nozzle fitting shall be made of 

the same material group as for the pipe it is in-

stalled on. 

4.3 Section valves 

Section valves serve as an interface between the 

main piping and the activated sections. Section 

valves are an important part of FFFS from the op-

eration, reliability, maintenance and life cycle point 

of view.  

4.3.1 Installation 

The installation of section valves shall comply with 

the manufacturer’s documented requirements. 

Section valves shall be installed under the soffit or 

on tunnel walls close to the soffit. It is essential 

that vehicles, even in the event of an accident, 

should not be able to damage section valves. Al-

ternatively, section valves may be installed in 

emergency exits, service galleries or ventilation 

ducts or other areas protected from damage by 

vehicles. If valves are moved to other safe places 

in the tunnels, the pipe connections between the 

valves and sections shall be protected against 

damages by vehicles. 

4.3.2 Marking 

Section valves shall be marked with clear and 

permanent text. Stamping or engraving is recom-

mended. The marking shall identify the following 

information: 

 Manufacturer’s name 

 Part number 

 Manufacturing batch or tracking number 

 Year of manufacturer 

4.3.3 Type and maintenance 

Section valves shall be robust and durable for the 

tunnel environment. They shall be leakage free to 

avoid clogging of nozzles and keep the section 

pipes dry. Ball valves are recommended. Section 

valve design shall allow the valve to be opened 

and closed remotely by the control system. Section 

valves shall be provided with a manual override for 
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opening and closing. The opening and closing in-

struction or rotation direction of the valve shall be 

clearly marked on the valve or directly beside it. 

The valve drive should be able to provide sufficient 

torque under all conditions; in particular, “break 

loose” effects must be taken into account. Means 

of monitoring that no leakage has occurred are 

recommended.  

Valves shall be designed to prevent water hammer 

by having a limited operating speed (see Chapter 

3.6.3 Water hammer effect). 

Section valves shall be equipped on the upstream 

side with a separate manual shut-off valve to allow 

the removal and replacement of each section valve 

without draining the main pipework or putting the 

whole system out of operation when changing the 

section valve. Each section valve shall have its 

own shut-off valve to avoid multiple sections being 

out of operation in the event of one shut-off valve 

being closed. The shut-off valve shall be lockable. 

Special attention shall be given to the maintenance 

and testing of the section valves. Testing shall 

comply with the applicable regulations for such 

valves, but valve operation shall be tested at least 

quarterly. Depending on the requirements in the 

context of an RAMS analysis monthly tests can al-

so be required. Means shall be provided to operate 

each section valve for test purposes without re-

leasing water to the nozzles. Normally this is 

achieved by providing a second manually operated 

valve on the downstream side of the section valve.  

Section valves shall be visually checked annually. 

Operating the manual shut-off valve shall be part 

of the annual check. 

4.3.4 Material and temperature tolerances 

Section valves and related shut-off valves shall be 

capable of withstanding the harsh tunnel environ-

ment and the type of fire fighting agent used. Only 

high grade stainless steel, to AISI316 or higher, 

shall be used for parts in contact with water or oth-

er fire fighting medium. The valve actuator shall 

have an appropriate IP class and be made of ma-

terials capable of withstanding the tunnel environ-

ment.  

Section valves shall be capable of withstanding at 

least the minimum operating temperature range of 

the fire fighting agent. The valve actuator and other 

external parts of valves shall be capable of with-

standing temperatures as measured inside its pro-

tective cabinet during full scale fire tests if the 

valve is installed within the protected area. 

4.3.5 Valve protection cabinet 

If installed within the protected area, section valves 

and the related shut-off valves shall be installed in 

protective cabinets. The valve cabinet shall have 

thermal protection against temperatures expected 

during a fire. The temperature inside the cabinet 

shall not exceed the maximum permissible tem-

perature for the valves and the actuator. The valve 

cabinet should preferably be tested in full scale fire 

tests demonstrating that the temperature has been 

kept within acceptable limits. The valve protection 

cabinet shall also provide protection against dirt 

and water. If sub-zero temperatures are expected, 

the section valve and/or the protection cabinet 

shall have a means of heating. 

If valves are installed outside the traffic tunnels in 

areas where there is no fire hazard, the valve pro-

tection cabinet will not need thermal insulation 

against high temperatures. It is still recommended 

that the valves be protected against dirt and mis-

use using a suitable cabinet. 

The valve protection cabinet shall be lockable. 

Only stainless steel shall be used as the external 

material of the valve protection cabinets if these 

are installed in the traffic tunnel. If valves are in-

stalled outside the traffic area, powder coated car-

bon steel may also be considered; the 

recommended colour is red as in other fire fighting 

equipment (RAL 3000).  

4.3.6 Applicable standards 

The following standards should be taken into ac-

count as general guidance in the design of FFFS 

section valves: 

 DIN EN 1983 

 EN 12845 

4.4 Pumps  

Apart from section valves, pumps are the only ac-

tive mechanical parts in water-based systems. 

4.4.1 Installation 

Installation of pumps shall comply with the manu-

facturer’s documented requirements. Pumps shall 

be installed in a dedicated pump room or other 

designated area. Adequate ventilation and drain-

age shall be provided. The pump room shall be 

lockable to prevent access of unauthorised per-

sonnel. 

4.4.2 Type and maintenance 

Pumps used in FFFS are usually of the centrifugal 

or positive displacement types. Centrifugal pumps 

are typically used in low pressure and medium 
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pressure systems, whereas positive displacement 

pumps are typically used in medium and high 

pressure systems.  

The maintenance requirements for FFFS pumps 

are the same regardless of the type. The minimum 

maintenance shall be a monthly functional test with 

a short operation time and an annual main mainte-

nance. The applicable regulations in individual 

countries shall be taken into account. 

4.4.3 Pump configuration 

Pump configurations for FFFS comprise one or 

more pumps. A dedicated pump controller for each 

pump room shall be provided for the operation of 

the pumps. 

4.4.4 Marking 

Pumps shall have a clear label identifying the fol-

lowing information: 

 Manufacturer’s name 

 Part number 

 Manufacturing batch or tracking number 

 Year of manufacturer 

4.4.5 Pump drive 

A FFFS pump shall be driven by an electric motor 

or diesel engine. The pump shall be direct coupled 

to the drive and only one pump per drive shall be 

used.  

The pump drive shall be capable of providing at 

least the maximum power required by the pump.  

4.4.6 Pump capacity 

FFFS shall be dimensioned to provide at least 

110% of the nominal flow required for the most 

demanding protection area in the tunnel. This shall 

be calculated at the minimum nozzle pressure as 

type tested in full scale fire tests. 

The required flow rate shall be provided by one or 

more pumps. It is recommended that the number 

of pumps in FFFS be limited by having a minimum 

pump capacity. The minimum pump capacity shall 

be 90 l/min per pump for positive displacement 

pumps and 750 l/min per pump for centrifugal 

pumps. 

Pump flow rates shall be expressed as effective 

rates taking account of volumetric efficiency.  

4.4.7  Pressure safety devices 

Pumps capable of over-pressurising the system 

shall each be provided with a proper means of 

pressure relief to prevent excess pressure. The 

pressure in the FFFS shall in no case exceed the 

pressure rating of any component that may be in 

contact with the agent. Pressure relief devices, 

normally valves, shall be capable of discharging 

the total flow delivered by the pump or pumps at a 

pressure equal to the pressure rating. 

Flow from the pressure relief devices shall not be 

directed back to the suction line of pumps, but to 

the tank or to a drain.  

Each individual pump shall be equipped for safety 

reasons with an additional pressure relief valve (or 

valves) to protect against malfunction of overpres-

sure.  

4.4.8 Flow safety devices 

Pumps having a flow rate dependent on pressure, 

e.g. centrifugal pumps, shall be equipped with a 

flow safety device. This ensures that the flow rate 

is limited in the event of an activation area close to 

the pump station with lower pressure loss in the 

piping. The main risks occurring with flow rates 

which are too high are related to the tank and 

drainage capacity. If both are dimensioned accord-

ing to the maximum possible flow rate of the 

pumps, flow safety devices are not required.  

A typical flow safety device is a flow control valve 

or an active pump control with a frequency con-

verter. 

4.4.9 Pump anchoring 

Pumps or pump sets shall be properly anchored. 

The use of anti-vibration feet between pump 

frames and the floor is recommended. 

4.4.10 Material and temperature tolerances 

All parts of pumps which are in contact with the 

agent shall be of corrosion resistant material.  

The operating temperature range shall be 4 to 54 

°C for the pressure medium and 0 to 40 °C for the 

pump room. 

4.4.11 Filtration 

The pump shall be protected against particles in 

the agent. This shall be achieved using a proper 

filter or strainer as described in Chapter 4.6.5 

Booster pump. 

min%110 pKnQ vnozzleswater 
 

Qwater Required pumping capacity [l/min] 

nnozzles Number of activated nozzles  [pieces] 

Kv Kv-factor of nozzles [l/min.bar-1)] 

Pmin Minimum pressure at nozzles [bar] 
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4.4.12 Pump controller 

The pump control system of the FFFS should at 

least match the requirements regarding reliability 

and availability as defined for the control system of 

the emergency ventilation. It is recommended to 

implement all control systems for safety-critical 

systems in a tunnel with a SIL of 2 

 

The pump system shall be equipped with a pump 

controller located in the same area. The installation 

shall comply with the manufacturer’s documented 

requirements. The pump controller shall also con-

trol any other equipment forming part of the pump 

system such as water tank filling, jockey pumps, 

booster pumps and main filters.  

Every pump shall be capable of being switched 

on/off manually for testing purposes. Manual oper-

ation shall be available only via overriding key 

switches. A local emergency start button shall be 

provided in case of failure of a remote start signal. 

The pump controller shall have phase control and 

a corresponding alarm. This control will also indi-

cate a reverse phase fault. The phase fault shall 

be indicated. The pump controller shall have volt-

meters on the front panel. 

All low voltage emitters and measuring devices, 

especially for pressure measurement, shall be on-

line monitored to detect damage to any critical de-

vices or cables. 

A battery backup shall be included in the pump 

controller capable of providing 15 minutes of au-

tonomy to buffer the PLC. In case of missing bat-

teries or low voltage, the pump controller shall 

indicate a fault. 

The pump controller shall provide red warning 

lights for the visual indication of all faults. Similarly 

when the system shows no faults, this shall be in-

dicated with green lights. A test button for a lamp 

test shall be provided. 

Pump controller programming shall include self-

diagnosis and suitable service modes. The fault 

messages shall be divided into two main catego-

ries: A: Critical (immediate service needed, pump 

system out of operation); and B: Non-critical (ser-

vice needed, pump system still operative). 

The interface between the pump controller and the 

main control system depends on the network being 

used. In all cases full integration of operational 

messages as well as fault messages shall be 

transmitted to the higher level control system. 

4.4.13 Applicable standards 

The following standards should be taken into ac-

count as a general guidance in the FFFS pump 

systems. 

 EN ISO 14847 

 EN 12845 

 EN 12259-12 

 IEC 61508 

4.5 Jockey pumps  

Jockey pumps are used in most FFFS to keep the 

main pipes filled with the fire fighting agent and for 

detecting possible leakages.  

4.5.1 Installation 

The installation of jockey pumps shall comply with 

the manufacturer’s documented requirements. 

Jockey pumps shall be installed in the pump room 

or other designated area. The place of installation 

shall be provided with suitable ventilation and 

drainage. The room shall be lockable to prevent 

the access of unauthorised personnel. 

Jockey pumps shall be installed with an isolating 

check valve to prevent pressure reaching the jock-

ey pump in the event of system activation. 

Jockey pumps shall be connected either to a sepa-

rate water supply from the town main or to the wa-

ter tank. 

4.5.2 Type and maintenance 

Jockey pumps are usually of the positive dis-

placement type. Also centrifugal pumps are used 

Pumps shall start automatically upon a pressure 

drop in the system and shall stop automatically 

when pressure in the system returns to the set val-

ue. The pressure measurement system shall be 

redundant. In the event of overpressure, the jockey 

pump system shall be protected by suitable ele-

ments to avoid any safety risk and to comply with 

relevant installation guidelines/regulations. 

A test valve shall be provided in the jockey pump 

piping. The maintenance of jockey pumps should 

follow the same sequence as for the main pumps. 

4.5.3 Marking 

Pumps shall have a clear label identifying the fol-

lowing information: 

 Manufacturer’s name 

 Part number 

 Manufacturing batch or tracking number 

 Year of manufacturer 
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4.5.4 Jockey pump drive 

The jockey pump shall be driven by an electric mo-

tor. Air drives shall not be used.  

The pump drive shall be capable of providing at 

least the maximum power required by the system.  

4.5.5 Material and temperature tolerances 

All parts of jockey pumps being in contact with the 

agent shall be manufactured from corrosion re-

sistant material. The use of stainless steel is rec-

ommended.  

The operating temperature range of pumps shall 

be 4 to 54 °C for the pressure medium and 0 to 40 

°C for the pump room. 

4.5.6 Filtration 

The jockey pump shall be protected against parti-

cles in the agent. The mesh size shall be no more 

than 80% of the smallest water passage in the sys-

tem or as required by the manufacturer. The use of 

self-flushing filters is recommended. 

4.5.7 Applicable standards 

The following standards should be taken into ac-

count as a general guidance in the design of fixed 

fire fighting pumps. 

 EN ISO 14847 

 EN 12845 

 EN 12259-12 

4.6 Water tanks (reservoirs)  

The water tank shall be suitable for providing water 

for all simultaneously activated sections (typically 

two or three) with the required flow rate for the de-

fined minimum period of operation.  

The water tank may be combined with water stor-

age facilities for fire brigade purposes. The refilling 

of water tanks by the fire brigade shall be consid-

ered. 

The use of break tanks is not recommended.  

4.6.1 Installation 

The installation shall comply with the manufactur-

er’s documented requirements. The tank design 

shall take account of relevant standards. 

Tanks should be installed close to the FFFS 

pumps, typically less than 30 meters away.  

They shall be provided with a vent to atmosphere 

to avoid over or under-pressure. This venting shall 

be protected by a breather filter to avoid access of 

particles into the tanks.  

Tanks shall be locked in order to avoid misuse or 

access of unauthorised personnel.  

Tanks shall have a lockable manhole for mainte-

nance. They shall be equipped with a water level 

sensor configured to give an alarm in the event of 

low level.  A lockable drain valve shall be placed in 

the outlet of the tank for maintenance purposes. 

The tank shall be labelled with its volume. 

4.6.2 Water tank volume  

The water tank volume shall be defined as part of 

the overall safety analysis for every tunnel, based 

on the maximum response time of fire services 

(time to commence fire fighting). The tank volume 

shall be determined in conjunction with the authori-

ties having jurisdiction.  

The minimum volume of the water tank shall be 

equal to the total pumping rate for a minimum of 30 

minutes of operation for tunnels less than 500m at 

the maximum pump capacity, or at the set value of 

the flow safety device as described in Chapter 

4.4.8 Pressure safety devices. Therefore a mini-

mum of 60 minutes shall be used for tunnels long-

er than 500 m.  

In any case the water supply shall last for a period 

of time that is double the time required for the 

emergency services to reach the fire (taking into 

account worst case conditions such as traffic con-

gestion). This minimum time of operation may be 

changed by the authorities having jurisdiction. 

4.6.3 Material  

The tank material may be coated carbon steel, 

coated concrete, stainless steel or plas-

tic/composites. The tank material shall not produce 

any foreign material. Both the tank material and 

the degree of cleanliness of the water shall be tak-

en into account when determining the main filter 

capacity. 

4.6.4 Booster pump  

A booster pump shall be installed between the wa-

ter tank and the FFFS pumps. The installation shall 

comply with the manufacturer’s documented re-

quirements.  

The purpose of the booster pump is to pump the 

fire fighting agent through the main filter and pro-

vide the pump system with positive suction pres-

sure. Booster pumps are typically low pressure 

centrifugal pumps. The booster pump shall be in-

stalled with 100% redundancy or shall be equipped 

with an automatic by-pass in case of failure of the 

booster pump. 
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Booster pumps shall be dimensioned depending 

on the hydraulic design between the tank and the 

pumps.  

Booster pumps shall have clear permanent mark-

ing. Stamping or engraving is recommended. The 

marking shall identify the following information: 

 Manufacturer’s name 

 Part number 

 Manufacturing batch or tracking number 

 Year of manufacturer 

4.6.5 Main filter 

The main filter shall be installed between the 

booster pump and the main pumps. The installa-

tion shall comply with the manufacturer’s docu-

mented requirements.  

The main filter shall be made of stainless steel. 

The filter shall have sufficient capacity for the pur-

pose and for the expected water filtration level. 

The filtration mesh size shall be no greater than 

80% of the smallest water passage in the system 

or as required by the manufacturer. However, lim-

its of 300 µm for deluge systems and 150 µm for 

water mist systems are common values. 

The main filter shall have an electric device, e.g. a 

pressure difference sensor, to provide a warning if 

the filter element is becoming blocked. In addition, 

a visual indication in the filter body should show 

the same. 

The main filter shall be clearly marked with the fol-

lowing information: 

 Manufacturer’s name 

 Part number 

 Manufacturing batch or tracking number 

 Year of manufacturer 

4.6.6 Temperature tolerance 

The water tank shall be designed to avoid freezing 

of the fire fighting agent. If a booster pump or main 

filter is also installed in the area and temperatures 

below 0°C are expected, a means of heating shall 

be provided. 

4.6.7 Maintenance 

The water tank should be visually checked month-

ly.  

The water quality should be checked monthly. The 

water tank should be drained, cleaned and 

checked every 3 years. 

Booster pumps and the main filter shall be tested 

with the same frequency as the main pump sys-

tem.  

4.6.8 Applicable standards 

The following standards should be taken into ac-

count as a general guidance. 

 EN ISO 14847 

 EN 12845 

 EN 12259-12 

4.7 Pipework and fittings 

The pipework consists of main pipes and section 

pipes. Main pipes are normally water-filled during 

standby and deliver fire fighting agent to the sec-

tion valves. The section valves are downstream 

connected to the section pipes and nozzles, which 

are empty (dry) during standby. In case of activa-

tion the section valves deliver fire fighting agent to 

the nozzles installed in the respective section  

Connections include all connecting components 

such as flanges, fittings and other piping compo-

nents. 

All pipework shall be fitted in safe areas in the tun-

nel cross-section (see Chapter 3.4.2 Location of 

components). 

Typical terms used for different parts of FFFS are 

as follows: branch pipes, manifolds and main pipes 

(branch and manifold pipes together are known as 

section pipes). These all are shown in the explana-

tory figure 3. 

4.7.1 Pipe and fitting material   

The pipe material shall be suitable for the harsh 

tunnel environment and for the fire fighting agent. 

Only high grade stainless steel to AISI316 or high-

er shall be used in all parts of pipework in contact 

with the fire fighting agent. 

Pipes shall be delivered with material certificates. 

 
Figure 3: Schematic pipe network in the tunnel  
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4.7.2 Pressure rating   

The pipework shall be able to withstand at least 

1.5 times the design pressure (calculation temper-

ature 54 °C, or as otherwise defined by the authori-

ties having jurisdiction). Where a pressure 

reducing device is used in the system, the pres-

sure rating of the pipework shall be determined 

taking into account the maximum foreseeable 

pressure in the system.  

All pipework shall be marked along its length by 

the manufacturer in such a way as to identify the 

type and size of pipe. Pipe marking shall not be 

painted, concealed or removed prior to approval 

from the authorities having jurisdiction. 

4.7.3 Straight pipes and bending 

Pipes may be either seamless or welded type. 

Seamless pipes shall conform to EN 10216 and 

welded pipes to EN 10312, as applicable.  

Pipes shall be manufactured in such a way as to 

allow bending; otherwise bending shall not be 

used. The pipework must be type “m” or higher for 

seamless pipe (EN 10216 Part 5) or type “W1, 

W1R, W2, W2R” for welded pipes (EN 10217 Part 

7). 

4.7.4 Pipe joints and fittings 

To provide a long life time, robust connections and 

to keep maintenance costs low, welding is recom-

mended as the main pipe connecting method in-

cluding welded joints. Welded connections do not 

need any service. Welding shall be performed in 

accordance with the manufacturer’s documented 

requirements. Welders shall be certified in accord-

ance with EN 287 Part 1 with applicable parts. Au-

tomatic orbital welding machines should be used 

where suitable. Orbital welders shall be certified in 

accordance to EN 1418 with applicable parts. 

Use of threaded joints is permissible within certain 

limitations and precautions. Threaded joints and 

sealing methods shall apply long design lifetime 

expectations and be capable of withstanding vibra-

tion and thermal effects, see Chapter 3.4.3. Ther-

mal effects and temperature rating. The pipe wall 

thickness for threaded connections shall be no less 

than 3 mm in pipes on discharge side of FFFS 

pumps. All threaded connections shall be visually 

checked annually for possible leakage and tight-

ness. 

Compression or press-on fittings may be used, 

with certain limitations and precautions. In particu-

lar, the requirements on tolerances of the outside 

diameter of the pipe shall be complied with. Com-

pression or press-on fittings must comply with tol-

erance classes D3 or D4 or higher in accordance 

with EN 1127. In all cases the required tolerance 

shall be in accordance with the manufacturer’s 

documented requirement. Such joints shall apply 

long design lifetime expectations and be capable 

of withstanding vibration and thermal effects, , see 

Chapter 3.4.3. Thermal effects and temperature 

rating. All compressed or press-on joints shall be 

visually checked annually.  

Fittings shall be in accordance with the standards 

specified by the pipe manufacturer and the manu-

facturer’s documented requirements. Fitting mate-

rials shall guarantee a corrosion resistance at least 

equivalent to the corrosion resistance of the pipe-

work, which applies to both internal and external 

parts. All types of fittings are acceptable providing 

they comply with the design characteristics of the 

pipe and with the pressure rating. All fittings shall 

apply long design lifetime expectations and be ca-

pable of withstanding vibration and thermal effects. 

All fittings shall be visually checked annually for 

possible leakage and tightness.  

4.7.5 Pipe supports 

Pipe supports shall be in accordance with the 

manufacturer’s documented requirement and ISO 

6182-11 with respective parts. The manufacturer 

shall provide evidence that the following basic re-

quirements are met:  

 load 

 vibration 

 water hammer  

 heat resistance  

Pipe supports shall be suitable for the environmen-

tal conditions, for the expected temperature, in-

cluding the stresses induced in the pipework by 

temperature variations, and be able to withstand 

the anticipated dynamic and static forces. Espe-

cially in rail tunnels, air pressure variation causing 

aerodynamic load shall be considered when de-

signing the support system. The minimum safety 

factor of 5 in accordance with EN 12845 shall be 

applied in static load calculations. 

Material of pipe supports shall be suitable for the 

purpose and comply with applicable national regu-

lations. Stainless steel is recommended. If another 

material is used, galvanic corrosion shall be pre-

vented by using proper insulation material. 

Anchors form an integral part of pipe supports and 

shall meet similar requirements. The anchor mate-

rial shall be determined in conjunction with the au-

thorities having jurisdiction, but stainless steel is 

recommended.  
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4.7.6 Drain and vent valves 

Drain and vent valves shall be installed in accord-

ance with the manufacturer’s documented re-

quirements. Valves shall be leak free and have the 

same material, pressure and temperature toler-

ance requirements as other parts of the piping sys-

tem. The use of ball valves is recommended. 

Valves shall be lockable where accessible by un-

authorised people. 

Drain and vent valves shall be marked with clear 

permanent text to identify the following information: 

 Manufacturer’s name 

 Part number 

 Manufacturing batch or tracking number 

 Year of manufacturer 

All vent and drain valves shall be operated 

(opened and closed) at least once a year prevent-

ing sticking. 

4.7.7 Thermal requirements 

All pipework and related components shall be ca-

pable of withstanding the entire temperature range 

expected (see Chapter 3.4.3 for more details). In 

the case of a freezing risk, use of antifreeze or 

trace heating shall be considered. Alternatively, the 

main pipe may be dry and air filled, but only pro-

vided if it can be filled within time required for op-

eration, see Chapter 3.8.3. Time to operation. 

If an anti-freeze additive is used, it shall be proven 

to the satisfaction of the authorities having jurisdic-

tion that such additive has no adverse effect on 

fires and does not constitute a health hazard for 

tunnel users.  

If trace heating is used, it shall be thermostatically 

controlled. One thermostat may control a section of 

tunnel up to 200 m long. Trace heating shall be in-

sulated and covered with a stainless steel sheet for 

mechanical protection of the insulation. The manu-

facturer shall provide the authorities having juris-

diction with thermal calculations demonstrating the 

suitability of the heating system.  

5. Installation  

5.1 Safety aspects  

Safety during installation is the responsibility of the 

contractor. National regulations as well as site 

rules shall be followed. This shall cover as a mini-

mum the aspects described in this chapter. 

5.2 Off-site work 

5.2.1 Prefabrication  

Typical prefabricated parts of FFFS include: 

 

 Components: Nozzles, section valves, section 

valve cabinets, supports, anchors 

 Pump station: Pump units/sets, booster pump 

units, jockey pump units, electric cabinets 

 Pipe modules: Section pipe kits, main pipe 

modules 

5.2.2  Quality control  

The quality control in off-site works shall be in ac-

cordance with the manufacturer’s documented 

quality system and specifications of the client. The 

contractor shall implement a quality control file for 

the reference of the client to identify project related 

quality personnel for off-site works.  

5.2.3 Factory testing 

Factory testing is an important part of the test pro-

cedures which are detailed below in principle for 

various components: 

Section valves: 

 Full operational test  

 Pressure test 

 Leakage test 

 Testing of possible pilot valve or actuator with 

limit switches or other control system 

Pump sets: 

 Full operational test at the design flow rate  

 Operational test at design pressure 

 Minimum 15 minute test run 

Jockey pumps: 

 Full operational test 

It is recommended that factory tests be carried out 

under the supervision of the authorities having ju-

risdiction. The factory test protocol shall be deliv-

ered to the involved parties prior to testing. After 

the factory tests, a test report shall be provided. 

The test report shall identify the specific compo-

nents tested and the test measurements.  

5.2.4 Transport  

Transport shall comply with good practice. Equip-

ment and components shall be properly protected 

during transport and storage. This applies espe-

cially to pipes and other hydraulic parts which shall 
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be plugged in order to prevent the access of for-

eign material. 

5.3 On-site work  

Installation shall be performed in accordance with 

the manufacturer's documented requirements and 

the approved design drawings. 

All work shall be carried out as part of a docu-

mented quality management system, which should 

at least meet the requirements of ISO 9001. 

5.4 Commissioning 

Commissioning of FFFS includes both final testing 

and proof of system operation. Commissioning 

may be divided into various stages, also referred to 

as partial acceptance testing. Final overall testing 

with all parts involved is often referred to as func-

tional acceptance testing. This includes testing of 

interfaces with all other system parts. 

 

5.4.1 Mechanical and hydraulic commission-

ing  

Mechanical commissioning includes the testing of 

the pump station, section valves, nozzles and re-

lated pipework.  

Before actual testing of the system, it shall be 

checked that all mechanical and hydraulic compo-

nents are shown on the drawings and are installed 

in the right places in the system. 

The first part of the mechanical and hydraulic 

commissioning is related to flushing and pressure 

tests as described in Chapter 3.6.5. 

The second part of commissioning testing is relat-

ed to the operation of the system. The FFFS shall 

be activated at the least favourable hydraulic loca-

tion of the system to prove the hydraulic design by 

measuring the operating pressure at or close to the 

most remote nozzle. The pressure shall be no less 

than shown in the hydraulic calculations. The test 

shall be carried out with the fire fighting agent and, 

if foreseen, additives to simulate a real operation of 

the system. 

The pump station and section valve(s) or any other 

control devices may be activated automatically in 

such a test. The test should be continued for at 

least 30 minutes, during which time possible vibra-

tion, noises, movements, leakage or other abnor-

mal effects in the piping should be documented.  

All tests shall be performed according to a prede-

fined protocol to be submitted authorities having 

jurisdiction and other involved parties prior to test-

ing. 

5.4.2 Commissioning of electrical and control 

equipment 

Electric commissioning includes testing of the con-

trol equipment and software.  

Before the actual test, all electric equipment, com-

ponents and cabling, shall be checked for compli-

ance with the design drawings and the 

documentation. 

Operational tests shall as a minimum include the 

pump station(s) and all section valves. At the pump 

station a full operational test with a simulated acti-

vation signal shall be carried out. All other possible 

scenarios and redundant modes such as failure of 

pumps, pressure sensors, cable breakage, etc. 

shall be tested.  

All section valves or other remotely controlled 

valves shall be tested for safe operation.  

All tests shall be performed according to a prede-

fined protocol to be submitted to the authorities 

having jurisdiction and other involved parties prior 

to testing. 

5.4.3 Functional commissioning  

Functional commissioning includes the main oper-

ational test with a simulation of one or more fire 

scenarios (no real fire is used.). The FFFS and the 

entire safety concept shall be tested as a whole. It 

shall be ensured that all system parts including de-

tection, control and communication systems, water 

supply and other related systems are fully opera-

tional.  

Functional commissioning may also be part of full 

emergency training.  

All tests shall be performed according to a prede-

fined protocol to be submitted to the authorities 

having jurisdiction and other involved parties prior 

to testing. 

5.4.4 Emergency training  

Emergency training is a recommended exercise in 

which all the tunnel safety systems, including 

FFFS, will be tested in conjunction with the emer-

gency services in a simulated fire incident. Training 

the emergency services to operate with the FFFS 

is an important part of testing. 

5.4.5 Handover documentation 

Handover documentation shall include as a mini-

mum all design and installation drawings in as-built 

status, and maintenance documents with spare 

part numbers. 
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5.4.6 Basic maintenance training  

Basic maintenance training shall enable the 

maintenance personnel to understand the system 

operation in detail. Suitable personnel shall be 

trained to carry out regular maintenance works, to 

diagnose basic failures exchange standard parts, 

replace consumables and to organize the interven-

tion of an expert company if required.  

Training may be organised both on site and/or in 

the contractor’s premises for special equipment. 

5.5 Installed System certification 

FFFS shall be certified by an authority having ju-

risdiction to comply with the design parameters de-

rived from fire testing, manufacturers’ documented 

requirements and the project specification. Con-

formity with any relevant requirements of the coun-

try of installation shall be stated.  

6. Activation and operation  

6.1  General 

FFFS may be activated and operated manually or 

automatically depending on the availability of 

trained personnel, the risks expected, the type of 

FFFS, the control systems used and applicable 

legislation. The main principles are explained at 

the thematic level in this chapter.  

6.2 Activation principles 

6.2.1 Manual activation  

A pre-condition for manual operation is a 24/7 

manned tunnel control room. Manually operated 

FFFS are activated and controlled by the operator 

or the fire services. Manual operation shall only be 

acceptable if the operator is provided by the con-

trol system with sufficient information about the fire 

incident and is trained sufficiently to take decisions 

based on this. The operator shall be in charge until 

the fire services have arrived in the tunnel. Manual 

operation of the FFFS includes de-activation of 

sections and the following activation of other sec-

tions as the fire develops.  

It is recommended that a manually operated sys-

tem be equipped additionally with automatic 

means of activation as a backup. The automatic 

activation shall take place at a temperature level 

which is set higher than in systems designed for 

automatic operation alone. In this case, manual ac-

tivation would be expected; should this not hap-

pen, the system shall still be activated at a pre-set 

temperature.  

6.2.2 Automatic activation 

Automatic FFFS are activated and operated based 

on signals received from the detection, localisation 

and control systems. These signals shall allow the 

control system of the FFFS to automatically adjust 

the sections to be activated and closed. Automatic 

operation shall continue until the fire services 

reach the tunnel and take over control of the FFFS. 

In all cases an automatic FFFS shall be equipped 

with means for manual operation as a backup.  

6.3 Operation and deactivation 

6.3.1 Number of activated sections 

At least two sections of the FFFS shall be activat-

ed in case of fire. The recommended minimum 

section length is 20 metres.  If three sections are 

 
Figure 4: Localisation and activation of the designated area 
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activated, the section length can be shorter provid-

ed that the total activation length is no less than 50 

m. In all cases the total activation length shall be 

supported by full scale fire test results and the risk 

analysis taking into account the precision of the 

detection / localisation system and other aspects. 

6.3.2 Activated sections and detection 

The number of activated sections shall be in line 

with the minimum accuracy of the detection / local-

isation system. If three sections are normally acti-

vated the minimum localisation zone length shall 

be the same as the section length of the FFFS. 

Two adjacent sections on both sides of the section 

in which the fire has been detected shall be acti-

vated.  .  

If only two sections are activated, the minimum ac-

curacy of the localisation system shall be half the 

length of a section. More precise localisation is 

recommended to provide better information con-

cerning which of the adjacent sections should be 

activated and how the fire develops. 

If linear heat detection / localisation is used, it is 

important that the offset distance, caused by the 

ventilation moving the detection point downstream 

from the actual fire, be taken into account when 

programming the control system. It is recommend-

ed that FFFS be type tested at full scale in con-

junction with the type of detection / localisation 

technology to be used. 

6.3.3 Activation time 

The activation time of the FFFS shall be deter-

mined in the risk analysis for every individual tun-

nel. The system shall be capable of a minimum 

activation time of 30 minutes, although longer acti-

vation times are normally required, see Chapter 

4.6.2 Water tank volume). The design activation 

time shall be derived from the detailed risk analysis 

that takes account for example of the response 

time of the fire services.  

6.3.4 Deactivation 

FFFS shall be deactivated only by fire services or 

authorised personnel.  

6.4 Fire incident operating protocol 

For the case of a fire incident, a dedicated operat-

ing protocol for all parties involved in the emergen-

cy shall be prepared. The protocol shall be worked 

out jointly with all parties involved in the rescue 

and emergency activities. It shall comply with na-

tional legislation and also be approved by the au-

thorities having jurisdiction. The operation protocol 

predefines responsibilities as well as tasks and ac-

tions to be carried out by the parties involved. 

7. Inspection and maintenance  

7.1 General  

A strict and regular maintenance programme shall 

be followed to ensure the reliable operation of the 

fixed fire fighting system. Maintenance shall be 

carried out in accordance with the maintenance 

manual provided by the manufacturer. Only per-

sonnel authorised and trained by the manufacturer 

shall be allowed to carry out maintenance.  

The operator's inspection programme shall ensure 

faults are detected at an early stage in order to al-

low rectification before the system is required to 

operate. The manufacturer shall provide the tunnel 

operator with monitoring software to collect the his-

tory of service and maintenance activities, running 

times of the pump system, failure reports etc. The 

software shall include instructions on actions to be 

taken in case of faults and malfunctions. 

 
Figure 5: Schematic of the detection offset 
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7.2 Regular maintenance 

Maintenance operations are normally subdivided 

into three different operational levels, depending 

on the frequency. 

7.2.1 Annual main maintenance  

The annual main maintenance is the highest level 

maintenance activity and shall include major oper-

ational testing of the system. This shall include 

testing of the FFFS in conjunction with other safety 

measures. As a minimum the following tasks shall 

be carried out: 

 Pump stations: 

o Water quality check 

o Filter cleaning 

o Oil change of pumps/diesel engines 

o Battery checks 

o Software tests 

 Section valves and protection boxes: 

o Visual check 

o Cleaning  

 Nozzles: 

o Visual check 

o Random detailed check of individual 

nozzles 

 Control systems: 

o Interface tests 

o Software tests 

7.2.2 Monthly basic maintenance  

Monthly maintenance is the main operational level 

of maintenance to ensure that all system parts are 

functional. The testing shall be performed for all 

active parts of the system. As a minimum the fol-

lowing actions shall be included:  

 Pump stations: 

o Filter check 

o Pump tests  

 Section valves and protection boxes: 

o Operating test of section valves 

 Nozzles (quarterly): 

o Only if these are active components is 

an operational test required. 

7.2.3 Weekly basic maintenance  

Weekly maintenance is not normally required un-

less the manufacturer requires this. A visual check 

of the pump system is recommended.  

7.3 Spare parts 

The most common spare parts shall be provided 

on site as part of the FFFS supply. If the FFFS is 

designed for predefined target availability, spare 

parts shall be defined in RAMS studies to provide 

fast recovery times to meet such target. 

8. Disclaimer 

This engineering guidance document does not 

constitute a legally mandatory requirement. It re-

flects results of the research project SOLIT², as 

well as findings from other projects, know-how and 

experience of experts in the field. Other research 

work currently being carried out or planned to be 

carried out may change the technical recommen-

dations included in this document.  

All information, guidance, recommendations and 

data have been generated and compiled with rea-

sonable care. It is the reader’s sole responsibility 

to verify in each case whether the content of this 

document is suitable for and may be used in con-

nection with a specific project. The reader is 

deemed to be an expert in the field of fire protec-

tion in tunnels.  
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