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Executive Summary

The Building Disaster Assessment Group (BDAG) was established to consider the
issues, for fire authorities and their fire and rescue services in the UK, that have been
highlighted by the World Trade Centre (WTC) incident of 11th September 2001. A
principle aim of this group is to promote the health and safety of firefighters and
building occupants by ensuring that building design reflects the operational response
and practices of the fire and rescue service, and equally that operational practices
reflect building design assumptions. 

The amount of water required to fight extreme fires in high-rise buildings is an issue
that has arisen as a result of the attacks on the WTC on September 11th 2001, but
which is relevant for all high-rise fire incidents. 

Firefighting shafts containing rising mains are provided to assist the fire and rescue
service in accessing and fighting fires in tall buildings. The rising mains may be either a
dry main, which is supplied from a fire appliance pump during an incident, or a wet
main, which is permanently charged with water. Where dry mains are provided the
pressure available at the firefighting branch reduces with increasing elevation due to the
static head of the water in the rising main and frictional losses. In very tall buildings
these losses will ultimately exceed the pressure supplied from the fire appliance pump
supplying the main. For this reason in the UK, in buildings over 60m, the mains are
permanently charged to provide a pressure-regulated flow. 

However, there is little data currently available to establish whether the current
provisions and corresponding fire and rescue service procedures are appropriate. There
is also a pressing short-term need to ensure that firefighting techniques in tall buildings
align to the equipment used and facilities provided. Where techniques do not align with
equipment then the changes needed to support firefighting in tall buildings should be
identified.

This report details work undertaken to identify the current water flows and procedures
likely to be found in high-rise firefighting. It considers the implications of the results of
the work for both the current provision of rising mains, facilities, equipment and
firefighting practices in the built environment. Specifically this report considers:

1. The background and current standards for rising mains provided as part of fire and
rescue service facilities.

2. The subjective performance of firefighting branches at reduced pressures against
criteria based on best practice of compartment firefighting tactics.

3. The pressures available at firefighting branches when supplied from different
diameters of fire hose which may be used to fight a fire from a firefighting shaft.
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The main findings of the report are that:

1. The subjective performance of the firefighting branches assessed decreases with
decreasing pressures. 

2. There is significant variation in the pressure beneath which the subjective (from a panel
of professionals) performance of firefighting branches is considered inadequate to
undertake the techniques taught for compartment firefighting. The majority of branches
tested required a minimum operating pressure of 4 bars at the branch to perform
satisfactorily in the panel’s view.

3. The techniques that are taught for compartment firefighting may not be appropriate at
low pressures with some of the branches assessed. This will depend upon the size and
length of hose line supplying the firefighting branch.

4. When firefighting in tall buildings fitted with dry rising mains there will be an elevation
beyond which there is inadequate pressure to undertake adequate compartment
firefighting techniques with some firefighting branches. This elevation will depend upon
the size and length of hose used for the attack line, the flow and the specific
performance of the firefighting branch used. For the same firefighting branch, where
45mm hose is used, this elevation will be significantly less than that where 70mm hose
is used. If 51mm hose was used a firefighting attack could be mounted at higher
elevations than could be achieved with 45mm hose currently used by most fire and
rescue services.

5. When firefighting in tall buildings fitted with wet rising mains, the pressure at the riser
outlet is regulated between 4 and 5 bars. Depending upon the size of the hose and the
specific performance of the firefighting branch, there may be insufficient pressure
available at the firefighting branch to undertake techniques that are taught for
compartment firefighting. This situation will be exacerbated where smaller diameter
hose is used for the attack line.

6. There appears to be limited correlation between the running pressure and flowrates
specified for wet rising mains indicating that the performance criteria specified is not
empirically based and should be reviewed. 

7. The results highlight the fact that fire and rescue services may need to evaluate the
performance of the branch types that they use during high-rise firefighting operations 
to comply with their obligations under Section 4 of The Provision and Use of Work
Equipment Regulations. This will include other influencing factors such as the pressures
available from dry/wet riser systems and the diameter and lengths of hose used.

8. Further research should be conducted into the performance standards required of both
dry and wet rising mains in tall buildings to develop standards which will support the
use of compartment firefighting techniques required to support the safety of firefighters.
This work should also include contingency arrangements for possible failure of facilities
designed to support firefighting in tall buildings.

9. The generic risk assessment for high-rise firefighting and search and rescue procedures
produced by HM Fire Service Inspectorate should be revised in light 
of the results of this work and the future research identified.

Effect of reduced pressures on performance of firefighting branches in tall buildings
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10. Finally the report recommends that an agreed national high-rise firefighting and search
and rescue procedure should be developed, which reflects:

� the type, performance and limitations of firefighting facilities provided in tall
buildings,

� the physiological limitations of firefighting and search and rescue procedures in tall
buildings,

� the performance and limitations of fire and rescue service equipment designed to
support firefighting in tall buildings and

� contingency arrangements for possible failure of facilities designed to support
firefighting in tall buildings.

Effect of reduced pressures on performance of firefighting branches in tall buildings
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Background

The Building Disaster Assessment Group (BDAG) was established to consider the
issues, for fire authorities and their fire and rescue services in the UK, that have been
highlighted by the World Trade Centre incident of 11th September 2001. A principle aim
of this group is to promote the health and safety of firefighters and building occupants
by ensuring that building design reflects the operational response and practices of the
fire and rescue service, and equally that operational practices reflect building design
assumptions. This is particularly important when planning for extreme events such as
terrorist activities.

However, the relationship between firefighting and building design when considering
terrorist activity also impacts upon firefighting and building design assumptions for
‘normal’ activity. Current building design guidance is largely based on post war building
studies and so is often based on fire and rescue service equipment and practices which
are no longer in use. The building stock has also changed significantly in this period –
many buildings are now based on engineering designs rather than codes and
construction materials have also changed.  Many firefighting and equipment procedures
have changed to reflect the changing environment and the need to ensure firefighter
safety.

The amount of water required to fight extreme fires in high-rise buildings is an issue
that has arisen as a result of the attacks on the WTC on September 11th 2001, but
which is relevant for all high-rise fire incidents. However, there is little data currently
available to establish whether the current provisions and corresponding fire and rescue
service procedures are appropriate. There is a pressing short-term need to ensure that
firefighting techniques in tall buildings align to the equipment used by firefighters, the
fixed systems provided and the supporting guidance contained in Approved Document
B and British Standards. Where techniques do not align with equipment then the
changes needed in either firefighting procedures, fixed equipment or the supporting
guidance or standards should be identified.
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1.0 Introduction

1.1 Firefighting shafts†, containing rising mains, are provided to assist the fire and rescue
service in accessing and fighting fires in tall buildings. The rising mains may be either
dry mains supplied from a fire appliance pump, or systems which are permanently
charged – wet mains. Where dry mains are provided the pressure available at the
firefighting branch reduces with increasing elevation due to the static head of the water
in the rising main and frictional losses. In very tall buildings these losses will ultimately
exceed the pressure supplied from the fire appliance pump supplying the main. For this
reason in the UK, in buildings over 60m, the mains are permanently charged to provide
a pressure-regulated flow. 

1.2 The current height at which a wet riser is required in a building may however, no
longer be appropriate to ensure that adequate pressure and flow are available to meet
the performance requirements of equipment currently used by fire and rescue services
because: 

� increased fire load or compartment size in large buildings may have increased the
potential fire size,

� compartment firefighting techniques have changed,

� equipment specifications have changed,

� decreased pressures from water mains may have decreased the amount of water
available to the fire and rescue service.

1.3 These issues also hold true for firefighting from a dry riser, but are exacerbated by the
drop in pressure with increased elevation in a building.

1.4 In addition, there is concern that internal firefighting from a firefighting shaft may not
be adequate to control or extinguish a fire due to the extent of fire development at the
time of fire and rescue service intervention. In particular the use of generic criteria in
defining the number of firefighting shafts does not account for:

� the fire load and rate of fire growth for the particular occupancy, and

� the time of intervention against the time of ignition of the fire (and thus its potential
size and heat release).

9
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1.5 These concerns suggest that there is a requirement to examine the current provision of
rising mains, current firefighting practices and the facilities and equipment used when
fighting a fire from a firefighting shaft. This report considers:

� The background and current standards for rising mains provided as part of fire and
rescue service facilities.

� The subjective performance of firefighting branches at reduced pressures, against
criteria based on best practice of compartment firefighting tactics.

� The pressures available at firefighting branches when supplied from different
diameters of fire hose which may be needed to fight a fire from a firefighting shaft.

1.6 These results will be used to support:

� fire and rescue service training, equipment and procedures,

� building design guidance,

� generic and dynamic risk assessments including extreme events such as terrorism or
natural disasters.

Effect of reduced pressures on performance of firefighting branches in tall buildings
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2.0 Provision of rising mains 
in tall buildings

2.1 This section details the current provision of rising mains in tall buildings made under
the Building Regulations. Further information on the historical background, rationale
and identification of other standards, which specify rising mains, is provided at
Appendix C.

Current Requirements: Approved Document B, Fire Safety. 2000

2.2 Guidance on the provision of fire mains is given in Section 16 of Approved Document
B to the Building Regulations. This states that:

2.3 “Fire mains are installed in a building and equipped with valves etc so that the fire
service may connect hoses for water to fight fires inside the building. Rising fire mains
serve floors above ground, or upwards from the level at which the fire service gain access.
Falling mains serve levels below fire service vehicle access level. Fire mains may be of the
‘dry’ type which are normally empty and are supplied through hose from a fire service
pumping appliance. Alternately they may be of the ‘wet’ type where they are kept full of
water and supplied from tanks and pumps in the building. There should be a facility to
allow a wet system to be replenished from a pumping appliance in an emergency 1.

2.4 Approved Document B indicates that fire mains should be provided within firefighting
shafts on the basis of one fire main per shaft with the outlets from the mains being
located in each firefighting lobby giving access to the accommodation2. 

2.5 The criteria for the provision of firefighting shafts are outlined elsewhere in the
Approved Document3. There is however a control criterion that “Firefighting shafts
...should be located such that every part of every storey, other than fire service access
level, is no more than 60m from the fire main outlet, measured on a route suitable for
laying hose. If the internal layout is unknown at the design stage, then every part of
every such storey should be no more than 40m in a direct line from the fire main outlet 4”. 

2.6 Approved Document B goes on to indicate that wet rising mains should be provided in
buildings with a floor at more than 60m above fire service vehicle access level. In lower
buildings where fire mains are provided, either wet or dry mains are suitable5. 

2.7 Guidance on other aspects of the design and construction of fire mains, not included in
the Approved Document, can be found in Sections 2 and 3 of BS 5306:Part 1: 19766. 
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BS 5306: Part 1:1976 Fire Extinguishing Installations and
Equipment on Premises7. 

2.8 In addition to detailing the type of rising main to be installed in a building, the standard
specifies that each pump supplying a wet riser should be capable of providing a flow
of water of at least 25 litres/s (1500 litres/min) in the wet rising main. This is taken to
be sufficient to serve a line of hose from three landing valves simultaneously i.e. 500
litres/minute per hose line. A minimum running pressure of 4 bar and a maximum of 
5 bar should be maintained at each landing valve when any number, up to three, are
fully opened8. 

Performance Criteria for Rising Mains used in Practical Trials 

2.9 The following performance requirements relating to rising mains were used to support
practical trials outlined in Section 6 of this report. 

1) Firefighting shafts should be located such that every part of every storey, other than
fire service access level, is no more than 60m from the fire main outlet, measured on
a route suitable for laying hose. Appendix C identifies other building design
guidance, which use the same criteria. Delivery hose is available in various lengths9,
of these fire and rescue services generally use hose 25m in length. A distance of 60m
from a riser outlet equates to 3 to 4 lengths of hose between the riser outlet and the
firefighting branch, depending on which floor the firefighting attack is mounted from
and the layout of the fire floor. It is noted that the generic risk assessment
produced by HM Fire Service Inspectorate for high-rise firefighting10

advocates using 2 lengths of 45mm hose (50m in total). This does not align to
the 60m control criterion for rising mains identified above and should
therefore be reviewed.

2) A minimum running pressure of 4 bar and a maximum of 5 bar should be
maintained at each landing valve when any number, up to three, are fully opened
with a flowrate of 500 litres/min.

Effect of reduced pressures on performance of firefighting branches in tall buildings
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3.0 Compartment firefighting
training and tactics

HSE improvement notice to South Wales Fire Authority, July 1996

3.1 Following a fire at Blaina in February 1996 at which two firefighters lost their lives, the
Health and Safety Executive issued an improvement notice to the fire authority, stating
that the authority was contravening the Health and Safety at Work Act, because
“employees are not provided with adequate health and safety training to equip them for
the risks to which they are exposed”11. The improvement measures included: identifying
any deficiencies in the training program in comparison with national guidance, revising
the training program accordingly and developing a system of monitoring and review of
the training.

Fire Service Manual volume 2: fire service operations –
compartment fires and tactical ventilation12

3.2 Following the Blaina incident guidance was produced on actions to be taken where
backdraught may be suspected, this included recommendations on the use of sprays
as part of door entry procedures.

3.3 The recommended actions for firefighters are listed as13:

� check for signs and symptoms of backdraught before opening door,

� cover the door with a charged branch if they decide to open it,

� spray the gases building up outside the door before opening,

� consider the option to ventilate the compartment thoroughly before entering.

Fire behaviour training instructor course

3.4 The Fire Behaviour Training Instructor Course at the Fire Service College (UK) has been
developed to enable students to devise and deliver theoretical and practical training in
flashover and backdraught, competently and safely14. Various fire and rescue services
also provide practical training in compartment fire behaviour training15.

Fire Service Manual, volume 4: fire service training, guidance
and compliance framework for compartment fire behaviour
training16

3.5 This manual builds on previous guidance on practical training for compartment fires17

and identifies that compartment fire training facilities support the achievement of the
training aims and objectives by providing opportunities for personnel to18:

� increase their understanding of fire behaviour,

� practice firefighting techniques.
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3.6 The manual goes on to state that practical fire behaviour and firefighter training
conducted in a safe and controlled environment also allows operational personnel to
contribute to their own safety19 by developing:

� confidence to deal with fires in compartments,

� responsibility for their own performance and safety,

� knowledge and self discipline to employ safe systems of work,

� confidence in their team members and incident commanders,

� confidence in their equipment, PPE and operational procedures,

� effectiveness as a member of a team,

� adaptability to changing circumstances,

� vigilance for their own safety and that of colleagues,

� recognition of their own abilities and limitations and that of their firefighting
equipment and PPE.

3.7 Section 8.5.4 states that “the firefighting equipment available to fire fighters participating
in compartment fire training should be consistent with a risk assessment of a typical
severe room fire and of a type currently in operational use by the fire brigade and
therefore known to the students” and

3.8 “8.5.5 The size and type of equipment must not be reduced or scaled down or modified
for CFBT purposes. This could result in the mistaken belief that circumstances trained for
and on the fireground are the same.” 

3.9 There is therefore a justifiable assumption that the techniques taught for dealing with
compartment fires can be applied with the equipment used by fire and rescue services.
There is also a legal requirement to ensure that the equipment used for firefighting is
suitable for the purpose through The Provision and Use of Work Equipment
Regulations.

The provision and use of work equipment regulations 199820

3.10 Section 4 of the Provision and Use of Work Equipment Regulations21 states in regard to
the suitability of work equipment that:

“4. – (1) Every employer shall ensure that work equipment is so constructed or adapted
as to be suitable for the purpose for which it is used or provided.

(2) In selecting work equipment, every employer shall have regard to the working
conditions and to the risks to the health and safety of persons which exist in the premises
or undertaking in which that work equipment is to be used and any additional risk
posed by the use of that work equipment.

Effect of reduced pressures on performance of firefighting branches in tall buildings
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(3) Every employer shall ensure that work equipment is used only for operations for
which, and under conditions for which, it is suitable.

(4) In this regulation “suitable” means suitable in any respect which it is reasonably
foreseeable will affect the health or safety of any person.”

3.11 The work undertaken for this report therefore seeks to identify (subjectively) when the
techniques for dealing with compartment fires could not be applied successfully due to
the pressure available at the firefighting branch. 

Techniques of water application

3.12 Much has been written on the techniques of water application22, 23, 24, 25, 26. Subject to the
assessment of fire conditions, it will usually be necessary for crews to enter the fire
compartment to apply these techniques to achieve control of the fire. A direct attack
method where water is applied to the base of the fire is preferred for an incipient or
growing unobstructed fire. An indirect attack, where water is applied to hot surfaces to
produce steam to smother the flames is preferred for a post-flashover/fully developed
fire27. 

3.13 These techniques have limitations28, 29 and Three Dimensional (3D) Water Fog
Techniques are used to complement these forms of fire attack30. The review of three
dimensional water fog techniques for firefighting conducted by National Research
Council Canada (NRC) states that the 3D water fog technique uses:

“a combination fog nozzle to inject fine water droplets into overhead gas layers in a
series of short bursts or “pulses”. The objective is to suspend fine water droplets in the
smoke layer to cool, inert and dilute unburned hot gases, bringing them outside their
flammability range in an attempt to prevent or quench subsequent ignitions.” 31

3.14 NRC further identified that:

“the optimum performance of the 3D water fog technique is determined by the
characteristics of the water spray (e.g., droplet size and velocity, spray angle, flowrate,
etc.), application technique (e.g., discharge angle, and duration of burst discharge), and
fire conditions (e.g., fire size and compartment geometry)” 32.

3.15 The work undertaken for this report sought to investigate:

● a minimum (subjective) pressure required for firefighting branches to produce an
effective spray and jet pattern, to undertake the techniques of water application
identified above. 

● if the techniques for dealing with compartment fires could not be applied due to the
lower pressures available at the firefighting branch when re-creating a simulated
firefighting attack in a tall building. 

3.16 Whilst this report studied the use of equipment in a tall building, the same limitations
would apply at reduced pressures in other circumstances.

Effect of reduced pressures on performance of firefighting branches in tall buildings
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3.17 Intuitively the pressure available at the firefighting branch will influence the
characteristics of the spray and jet produced. The pressure and flow at a firefighting
branch can be accurately assessed. However there are considerable practical and
technological difficulties, as well as substantial costs, in attempting to accurately assess
aspects such as size and velocity of droplets in the spray and jet patterns produced
from firefighting branches. Also when considered against the skill of water application
by firefighters, the quantitative significance of these factors is unknown. 

3.18 Therefore to provide a comparative pragmatic analysis of the effect of pressure on the
spray and jet characteristics produced at a range of pressures, subjective criteria based
upon the professional opinion of a stakeholder panel was used. The determination of
the subjective criteria and the testing methodology is outlined in Section 4.

Effect of reduced pressures on performance of firefighting branches in tall buildings
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4.0 Development of subjective
criteria

4.1 A professional panel was established and their initial role was to determine appropriate
criteria against which a branch is assumed to be operating safely/effectively. The panel
consisted of representatives from the Fire Service College, Chief and Assistant Chief
Officers Association/London Fire Brigade and members of the Fire Statistics and
Research Division. Her Majesty’s Fire Service Inspectorate was involved with initial
meetings about the format of the trials but was not present at the trials.

4.2 The panel spent a day at the Fire Statistics and Research Division’s Still Air Facility at
Hangar 97, Upper Rissington (formerly RAF Little Rissington, UK) conducting branch
trials. The testing arrangements are outlined in Section 5. 

4.3 The branches evaluated were those that the Fire Experimental Unit (FEU) previously
appraised in early 2000, the results of which were published as a set of data sheets33.
A list giving details of all the branches tested is given in Appendix A. In addition, an
Akron Marauder branch was included which is still in use in some fire and rescue
services. A further branch, the TA Incentive Group’s ‘Fogfighter’, was evaluated at a
later date. This branch is used extensively at the Fire Service College for compartment
firefighting and training. The purpose of the preliminary series of trials was to
determine:

1) Subjective criteria, which would be used to appraise the performance of the
firefighting branches at different pressures.

2) The settings at which the branches would, in the subjective opinion of the panel,
give the most effective and favourable conditions for firefighting. 

3) The pressure at which the branches tested achieved the subjective criteria.

4.4 In establishing the subjective criteria which would be used to appraise the performance
of the firefighting branches at different pressures, the panel decided firefighting
branches were required to produce:

� An effective jet, as this would be required to undertake a direct fire attack.

� An effective spray on full cone, as this would be required to provide a defensive
spray to protect firefighters should it be necessary to withdraw from a compartment
if the conditions deteriorated.

� An effective spray pattern at a 70° cone angle, which would be required to
undertake 3D gas cooling. This angle was chosen as being within the 60° to 75°
optimum range that is recommended by other research work that has been
undertaken into compartment firefighting34, 35, 36. 

4.5 These functional requirements were therefore used as the assessment criteria for the full
testing of the branches outlined in Section 5 and 6 of this report.
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4.6 In assessing branch performance against these criteria, the panel decided that the
branches would be set to the maximum cone angle and maximum flowrate setting
where applicable, as these settings appeared to produce the most favourable conditions
for the assessment. This rationale was therefore used for the further trials outlined in
Section 5 and 6 beneath.

4.7 As discussed in Section 8 later a number of branches were not assessed, as the panel
considered they were not appropriate for compartment firefighting. Where branches
were excluded from the testing the branch number is indicated on the subsequent
Figures but no data is recorded for pass pressure and flowrate for those branches.

4.8 The preliminary trials determined the minimum operating pressures (known as ‘pass
pressure’ from here on) for the branches to achieve the subjective criteria. No other
measurements were taken during this initial set of trials. 

4.9 A subsequent series of trials was conducted where detailed measurements of the
jet/spray characteristics were recorded. These trials are described in Section 5 including
details of the testing arrangement and results for the preliminary and subsequent testing
undertaken.

4.10 It should be noted that for the reasons outlined above, the spray patterns of the
branches were assessed purely on a qualitative basis. Should accurate and cost effective
full-scale techniques be developed in the future that can assess the spray characteristics
of branches it would be worthwhile conducting a quantitative analysis on the
performance of branches at different pressures. 

Effect of reduced pressures on performance of firefighting branches in tall buildings
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5.0 Branch performance trials 

Background 

The trials were designed to provide measurements of the spray patterns, jet throw and
the flow versus pressure characteristics of each branch and to identify a minimum
subjective pressure for effective operation. To achieve this each branch in turn was
mounted horizontally in a rig and examined under similar conditions, the hydraulic
configuration of the testing undertaken is outlined in Section 5.7.

Definitions of terms

5.1 The definitions of the terms used in the testing are illustrated in Figure 1 and described
beneath

5.2 The “throw” of a jet was taken as the distance, measured horizontally along the floor,
from the point directly below the branch coupling to the point where most water was
judged by observers to fall.

5.3 The “width” of a jet was taken as the dimension of the area where water was falling on
the floor, measured normal at ninety degrees to the jet centre line at the stated “throw”.

5.4 The “breadth” of a spray pattern was taken as the maximum dimension of the area
where water was falling on the floor, measured normal at ninety degrees to the branch
centreline.

5.5 The “range to breadth” of a spray pattern was taken as the length, measured
horizontally along the floor, from the point directly below the branch coupling to the
stated breadth”.

Elevation angle
Water jet

Water spray

Cone angle

1m

1m

‘Throw’

Measured dimensions of jets

Measured dimensions of sprays

Branch on test

‘Width’

Wetted area

‘Breadth’

Wetted area

‘Range to stated Breadth’

Figure 1: Definition of terms used for branch performance trials
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Description of hydraulic arrangement

5.6 The experimental set up is shown schematically in Figure 2. 

5.7 A hydrant supply was fed into the static tank to prevent it from becoming completely
drained during the trials.

5.8 Water was drawn from the tank, through a strainer and 138mm suction hose into the
pump. The pump outlet was connected via a 2m length of 70mm delivery hose to a
pressure pipe. This in turn was connected by a 2m length of 70mm hose to the
electromagnetic flowmeter (with digital readout) and glass sided inspection port and
valve. This was installed as a precaution to indicate possible entrained air, which might
affect the flow meter reading. Any air that was entrained was vented by use of the
valve attached to the port. 

5.9 From the inspection port another length of 6m of 70mm hose was connected to a
pressure pipe which was mounted horizontally at a height of 1m from the floor in the
branch support stand. The branch under test was then connected into the other end of
the pressure pipe.

5.10 The two pressure pipes incorporated four tappings according to the “triple T” method
and were connected to pressure gauges. These pressure gauges allowed the pressures
at the pump and at the branch to be recorded.

5.11 A large protractor mounted on a stand was used to determine the cone angles of the
various sprays. By sighting against a horizontal spray, half of the included angle was
determined, and the cone angle calculated.

5.12 For measurements of “throw” and spray “breadth”, nylon measuring lines were
prepared with plastic markers secured at 1m intervals. For measurements of jet “width”,
a 3m length of steel was marked in 0.1m intervals.

Hydrant supply

Electromagnetic 
flow meter Inspection port

Adjustable support standBranchpipe on test

Water jet

Strainer

50,000 litre
water tank

Pressure pipe 
and gauge

70mm delivery hose

Pump

138mm Suction hose

P

P

Figure 2: Hydraulic arrangement
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5.13 A digital camera was used to take digital images of the jet/spray patterns. Examples of
jet/spray patterns are shown as Figure 3 beneath.

Criteria used for evaluation trials

5.14 The criteria used for the trials were those developed by the panel, as described in
paragraph 4.4.

Experimental method for initial trials 

5.15 For the initial evaluation trials, each branch under test was mounted horizontally in the
branch support stand and was set to its maximum cone angle and maximum
collar/stirrup setting where appropriate. The branch was operated over a range of
increasing branch pressures starting at 1 bar. The preliminary trials showed that jet
properties were not considered to be a problem at low pressures. The limiting factor in
most instances was the performance of the spray pattern produced at full cone angle.

Figure 3: Examples of digital images of jet/spray patterns 
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5.16 The panel then decided the subjective point at which the spray would not be effective
or safe to use when firefighting, in their professional judgement (i.e the ‘pass pressure’).
This enabled the minimum operating branch pressure and corresponding flowrate to be
recorded for each branch. No measurements of “throw”, “breadth” or “range to breadth”
of the jet/spray patterns were recorded at this time.

Full branch performance trials

5.17 Following the initial assessment a separate series of trials was undertaken to record
detailed measurements of the jet/spray characteristics at the minimum pressures
required for the branches to achieve the assessment criteria.

5.18 Comprehensive measurements of the sprays and jets had already been made at 3, 5 and
7 bar for the branches detailed in the earlier FEU work. However, to supplement these
results, where data had not previously been recorded, measurements of full, half and
70° cone angles and jet were taken with the branches set to the pressure at which the
branch attained the subjective criteria set by the professional panel. 

Experimental method for full branch performance trials

5.19 Each branch was mounted horizontally in the branch support stand and set to the
required cone angle (full, half, 70°) or jet setting. Half and 70° cone angle were set
using the large protractor. 

5.20 The pressure at the branch was then set, as determined by the professional panel, using
the pressure gauge. Two experimenters, then made measurements of throw, breadth, or
range to breadth as appropriate using the nylon measuring lines. The pump operator
recorded branch pressure and flowrate. The data obtained is provided at Appendix B.
Digital images of the jet/spray patterns were taken using a digital camera examples of
which are shown as Figure 3 above.

5.21 This process was repeated for all collar/stirrup settings available on the branch where
appropriate. 

Effect of reduced pressures on performance of firefighting branches in tall buildings
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6.0 Combining branch
performance with firefighting
attack from a rising main

6.1 A firefighting attack may be mounted from either a dry or a wet rising main depending
upon the height of a building. A dry rising main will have a variable pressure output due
to hydraulic losses which increase proportionately with the elevation in the building.
Therefore to limit this variability within the trials, the pressure outputs and performance
criteria for a wet rising main were used as these are a known regulated standard. 

6.2 Section 2 identified the following performance requirements relating to rising mains: 

a) Firefighting shafts should be located such that every part of every storey, other than
fire service access level, is no more than 60m from the fire main outlet, measured on
a route suitable for laying hose.

b) A minimum running pressure of 4 bar and a maximum of 5 bar should be
maintained at each landing valve when any number, up to three, are fully opened
with a flowrate of 500 litres/min.

6.3 The performance criteria in 6.2 a) and 6.2 b) were therefore integrated into a second
phase of experimental trials. The aims were to establish:

a) If the performance criteria for the firefighting branches defined by the professional
panel could be attained when simulating connection of a 69m hose line to a wet
riser running at 4 to 5 bars pressure. 

b) If there was correlation between the flowrate of 500 litres/min to the simulated
connection of a 69m hose line to a wet riser running at 4 to 5 bars pressure through
45mm and 70mm hose lines supplying the branches under evaluation.

6.4 Fire and rescue services in the UK typically use hose lengths of 25m, although this can
vary significantly as hose which is repaired often reduces in length, but remains in
service. Therefore to reach up to 60m from a riser outlet would, depending on the floor
layout, require the connection of three lengths of hose. However substantial fires would
need to be tackled from the floor below the fire floor which would necessitate up to four
lengths of hose. 

6.5 The two main sizes of delivery hose used in the UK fire and rescue services are 45mm
and 70mm37. To assess if there was any significant affect upon performance due to the
choice of hose size comparative measurements of pressures and flows were taken with
hose lines of each diameter.
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6.6 Using hose from FEU stock an overall length of 69m was used in these tests. This was
the nearest to the 75m that three new lengths of hose would cover, but reflective that
the performance criteria from a riser outlet was less than 75m and that, in practice, hose
is often shorter than the ideal length. For the 45mm hose line this consisted of 3 lengths
of 18m and one length of 15m. These were connected between the inspection port and
the pressure pipe mounted in the branch support stand. 

6.7 In the case of the 70mm hose a total length of 69m of hose was used again which
consisted of 3 lengths of 23m.

Experimental method

6.8 Each branch under test was mounted horizontally in the branch support stand and was
set to its maximum cone angle and maximum collar/stirrup setting where appropriate.

6.9 The 69m of 45mm hose was connected from the inspection port to the pressure pipe in
the branch support stand. The pressure at the pump was set and recorded at 4 bar (to
simulate the 4 bar at the outlet of the riser), then branch pressure and flowrate were
recorded. The process was then repeated at 5 bar pump pressure. 

6.10 Once measurements for all the branches had been recorded the 45mm hose was
replaced with 69m of 70mm hose and the whole process was repeated again.

6.11 It should be noted that branches numbers 51, 54 and 59 are not designed to operate
below 6 or 7 bar respectively. Although it was known that they would not pass this
additional evaluation, as they were designed for higher operating pressures than are
supplied by a wet rising main, they were included for completeness.

6.12 To assess whether there was a correlation between the performance requirement of 500
litres/min and the pressure regulation of 4 to 5 bars at the riser outlet a test series was also
conducted using these criteria. In this instance the same configuration of 45mm and 70mm
hose lines were used. The appliance pump pressure was then adjusted to attempt to generate
a flowrate of 500 litres/min with the branches under evaluation and recordings made of the
pressure at which a flowrate of 500 litres/min was generated. For safety reasons in attempting
to generate the prescribed flow, the maximum pressure during the test was limited to 9 bars. 

Use of 51mm diameter hose

6.13 Following completion of the above section of the work using 45mm and 70mm hose, 
it was decided that the performance of an alternative hose size should also be
investigated. A hose was required that offered the benefits of increased pressures at the
branch over 45mm hose but had reduced weight and improved manual handling
compared to 70mm hose. (The physiological and logistical issues of using 70mm hose
are described in paragraph 8.5). 

6.14 After discussions, hose of 51mm diameter was selected, which although commercially
available does not appear to be in use in the UK Fire and Rescue Service, although it is
used within the United States. Testing using three lengths of 23m of 51mm hose was
carried out as described in 6.9 and 6.12 above and the results are included in Section 7
with those of the 45mm and 70mm hose. 

Effect of reduced pressures on performance of firefighting branches in tall buildings
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7.0 Results

Results from Branch Performance Trials

7.1 Appendix B gives details all of the measurements taken from the branch performance
trials.

Subjective minimum pass pressures defined by the 
professional panel

7.2 Results from the professional panel’s evaluation of the pressure necessary to attain the
performance criteria described in 4.4 are given as Figure 4 below, together with the
corresponding flowrate for the branches evaluated.

7.3 It is observed that there is a significant variance in the minimum pressure required to
produce a minimum effective performance sought by the panel. This ranged from 2
bars (branches 45, 48, 53, 68) through to 7 bars (branches 51, 54, 70). The majority of
branches tested required 4 bars at the branch to produce an adeqaute performance in
the view of the panel.

7.4 The flow rates obtained at the minimum pass pressures also varied significantly, from
150 lpm at 4 bars (branch 46) up to 702 lpm at 7 bars (branch 54). 

7.5 The variation in the minimum pass pressure and flows produced by the branches, and
the implications for the choice of equipment when firefighting using fixed installations,
is discussed in Section 8.

Note: Branches 60, 61, 62 and 63 were not tested as they were not felt appropriate for
compartment firefighting and have therefore not been included.
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Results from combining branch performance with firefighting
attack from a rising main using 45mm hose

7.6 Results from the simulated use of a firefighting branch supplied from a wet riser using
45mm hose are given in Figures 5 and 6, for 4 and 5 bars running pressure respectively.

7.7 Of the branches assessed only one branch (branch 53) attained a branch pressure equal
or greater than the pass pressure required for the branch (with a corresponding
flowrate of 322 lpm). 

7.8 At 5 bars pressure branches 46, 47, 48, 53, 57, 58 and 68 attained a branch pressure
equal or greater than the pass pressure required for the branch (flowrates ranged from
161 to 416 lpm).
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Figure 6: Recorded branch pressure, corresponding branch pass pressure and flowrate when
supplied through 69m of 45mm hose at 5 bars pump pressure.
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Figure 5: Recorded branch pressure, corresponding branch pass pressure and flowrate when
supplied through 69m of 45mm hose at 4 bars pump pressure.
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Results from combining branch performance with firefighting
attack from a rising main using 51mm hose

7.9 Results from the simulated use of a firefighting branch supplied from a wet riser using
51mm hose are given in Figures 7 and 8, for 4 and 5 bars running pressure respectively.

7.10 At 4 bars pressure branches 48, 53, 57, 58 and 68 attained a branch pressure equal or
greater than the pass pressure required for the branch (flowrates ranged from 283 to
433 lpm).

7.11 At 5 bars pressure branches 45, 46, 47, 48, 49, 53, 55, 57, 58, 67 and 68 attained a
branch pressure equal or greater than the pass pressure required for the branch
(flowrates ranged from 167 to 502 lpm).
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Figure 8: Recorded branch pressure, corresponding branch pass pressure and flowrate when
supplied through 69m of 51mm hose at 5 bars pump pressure
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Figure 7: Recorded branch pressure, corresponding branch pass pressure and flowrate when
supplied through 69m of 51mm hose at 4 bars pump pressure
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Results from combining branch performance with firefighting
attack from a rising main using 70 mm hose

7.12 Results from the simulated use of a firefighting branch supplied from a wet riser using
70mm hose are given in Figures 9 and 10, for 4 and 5 bars running pressure respectively.

7.13 At 4 bars pressure branches 45, 46, 47, 48, 49, 52, 53, 55, 57, 58, 66, 67, and 68 attained
a branch pressure equal or greater than the pass pressure required for the branch
(flowrates ranged from 148 to 588 lpm).

7.14 At 5 bars pressure branches 45, 46, 47, 48, 49, 50, 52, 53, 55, 56, 57, 58, 64, 65, 66, 67,
68 and 69 attained a branch pressure equal or greater than the pass pressure required
for the branch (flowrates ranged from 169 to 690 lpm).
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Figure 10: Recorded branch pressure, corresponding branch pass pressure and flowrate when
supplied through 69m of 70mm hose at 5 bars pump pressure.
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Figure 9: Recorded branch pressure, corresponding branch pass pressure and flowrate when
supplied through 69m of 70mm hose at 4 bars pump pressure.
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Measurements of requirement of 500lpm from a rising main
using 69m of 45, 51 and 70 mm hose

7.15 The results of the pressure required to generate a flow of 500 litres/min through 45mm,
51mm and 70mm hose lines 69m in length are given as Figures 12, 13 and 14
respectively. Where a flow of 500 litres/min was not generated the resultant flow at the
maximum test pressure (9 bar) is recorded.

7.16 This shows branches 45, 47, 48, 49, 52, 53, 55, 65, 66, 68, 69 all achived the required
flowrate of 500lpm at pump pressures pressures ranging from 6.7 to 9.0 bar. The
remaining branches would be able to achieve a flowrate of 500lpm but these would
require in excess of 9 bar pump pressure.

7.17 This shows branches 45, 47, 48, 49, 50, 52, 53, 55, 64, 65, 66, 67, 68, 69 all achived the
required flowrate of 500lpm at pump pressures pressures ranging from 5.0 to 9.0 bar.
The remaining branches would be able to achieve a flowrate of 500lpm but these
would require in excess of 9 bar pump pressure.
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Figure 12: Pressure required to generate a flow of 500 litres/min through 69m of 51 mm hose
with branches under assessment
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Figure 11: Pressure required to generate a flow of 500 litres/min through 69m of 45mm hose
with branches under assessment
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7.18 This shows branches 45, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 58, 59, 64, 65, 66, 67, 68,
69 all achived the required flowrate of 500lpm at pump pressures pressures ranging
from 4.0 to 8.5 bar. The remaining branches would be able to achieve a flowrate of
500lpm but these would require in excess of 9 bar pump pressure.
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Figure 13: Pressure required to generate a flow of 500 litres/min through 69m of 70 mm hose
with branches under assessment
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8.0 Discussion of results

Results from the professional panel

8.1 The results highlight the wide variation in hydraulic performance of the
branches tested. For the majority of the branches tested to attain the
performance criteria set by the panel a minimum operating pressure of 4 bars
at the branch would be required. This does not however account for branches which
are designed to operate at 6 or 7 bar pressure at the branch. 

Branches not meeting the minimum subjective criteria

8.2 Of the 27 branches assessed by the professional panel, 4 were not subject to full testing
as they were not deemed appropriate for compartment firefighting. Of those assessed 1
was deemed to not meet the minimum criteria. The reasons for this assessment are
given below and in Table 1:

� The Akron Marauder produced a spray pattern that had gaps in it at all tested
pressures (a ‘fingered’ appearance). The panel concluded that this may not provide
sufficient protection for the firefighter against the effects of radiated heat. Further
quantitative measurements may be needed to confirm this conclusively.

� Branches 60, 61, 62 & 63 were not considered by the panel to be appropriate for
compartment firefighting. These branches were either not designed to produce a
controllable pulse spray or their design did not facilitate the techniques required for
compartment firefighting. 

Table 1: Details of branches not meeting the minimum subjective criteria

Branch Number Manufacturer & Description Comments

26 Akron Brass. Marauder Style 4516 ’Fingered’ appearance of the spray
at all pressures

60 Hughes Noble. BP1 Not tested – Not
appropriate/designed for
compartment firefighting 
(no pulse spray capability)

61 Hughes Noble. BP1-FR Not tested – Not
appropriate/designed for
compartment firefighting
(no pulse spray capability)

62 Hughes Noble. Powerjet NPJ7 Not tested – Not
appropriate/designed for
compartment firefighting 
(no pulse spray capability)

63 AWG. M2540 16mm Nozzle Not tested – Not
appropriate/designed for
compartment firefighting 
(no pulse spray capability)
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Branches meeting the minimum subjective criteria

8.3 A total of 22 branches passed the professional panel’s minimum criteria at pressures
ranging between 2 to 7 bars. The flowrates for these branches ranged between 150 and
702 lpm. This range of flowrates would have a significant effect on the size of fire
which could be tackled using direct and indirect forms of attack. It should be noted
however that at low pressures kinking of the hose line is likely to occur. This may have
a significant effect upon the water supply and pressure available at the firefighting
branch.

Results of combining branch performance with firefighting
attack from a rising main

8.4 For the vast majority of the branches evaluated the results indicate that when
using 69m of 45mm or 51mm hose the performance standard of a minimum 
4 bars running pressure for a wet rising main is not sufficient to attain the
subjective criteria of compartment firefighting identified by the professional
panel. The upper running pressure of a wet rising main at 5 bars is not sufficient for
the majority of the branches to perform adequately, in the panel’s view, when using
69m of 45mm or 51mm hose. The situation would be exacerbated for both limits where
a fire was tackled from the floor below the fire floor (see 8.6 below). 

8.5 Other than for branches designed to operate at 6 or 7 bars, where larger 70mm
diameter hose is used, the running pressure of 5 bars for a wet rising main is adequate.
At the lower running pressure of 4 bars the number of branches which are able to
attain the subjective criteria decreases. This is not unexpected, as frictional loss is
inversely proportional to the diameter of hose (d) to the fifth power38. There are
however, considerable logistical and physiological issues associated with firefighting
with this larger hose due to its weight and lack of flexibility questioning its use as a
viable hose choice for search and rescue operations. 

8.6 The data obtained from the simulated fire attack from a rising main were obtained with
the supplying pump and branch on the same elevation. If a fire attack were to be
mounted from the floor beneath the fire floor, there would be additional losses due to
the static head arising from the difference in floor heights, plus frictional loss from any
additional hose required to reach the fire. In these circumstances these losses would
have to be taken into account in deciding whether a branch would be able to attain the
minimum criteria outlined in this report.

8.7 Whilst this assessment considered the performance of firefighting branches from a wet
rising main similar issues will arise with a dry rising main. This is due to the frictional
losses associated with the choice of hose and the increasing hydraulic losses due to
static head as the elevation in the building increases. 

8.8 Branches 51, 54, 59 and 70 were of the ‘automatic’ type (the branch reacts to the
volume of water supplied and adjusts itself to deliver this volume as effectively as
possible at constant pressure). These branches are designed to operate upwards of a
stated minimum operating pressure of 6 or 7 bars. As the outlets of wet rising mains are
pressure regulated to 4 to 5 bars these branches as well as those with operating
pressures similar to the pressure regulation on the riser outlet may not be appropriate
to use in high-rise firefighting with existing operating procedures.

Effect of reduced pressures on performance of firefighting branches in tall buildings

32



8.9 At 4 bar pump pressure when using the 45mm diameter hose only branch number 53
attained a pressure equal or greater than the pass pressure defined by the professional
panel. When the pump pressure was increased to 5 bar, branches numbers 46, 47, 48,
53, 57, 58 and 68 attained the corresponding pass pressure. 

8.10 When using 51mm diameter hose at 4 bar pump pressure branches numbers 48, 53, 57,
58 and 68 attained a pressure equal or greater than the pass pressure defined by the
professional panel. When the pump pressure was increased to 5 bar branches numbers
45, 46, 47, 48, 49, 53, 55, 57, 58, 67 and 68 attained the corresponding pass pressure.

8.11 At 4 bar pump pressure and using the 70mm diameter hose all branches attained a
pressure equal or greater than the pass pressure defined by the professional panel
except numbers 50, 51, 54, 56, 59, 64, 65 and 69.

8.12 At 5 bar pump pressure and using the 70mm diameter hose all branches attained the
corresponding pass pressure except numbers 51, 54 and 59. It should be borne in mind
that these branches are not designed to operate below 6 or 7 bar. 

8.13 The pressure available at the riser outlet in a dry rising main is largely determined by
the performance of the fire appliance pump supplying the main. In the UK there is no
standard pressure for charging a rising main. Whilst fire appliance and hose lines have
nominal and maximum working pressures of 1039 and 1540 bar respectively, charging
pressures used typically range from 7 to 10 bars. As the change over to a wet rising
main is at 60m the pressure available for firefighting at higher elevations will vary
significantly due to static head loss. Pressure loss through static head at 60m equates 
to approximately 6 bars (Equation 1 beneath41).

P loss bars =
Height in metres , 60

= 6 bar loss
10 10

Equation 1: Estimate of static loss at 60m elevation

8.14 Therefore before allowing for other losses, an input pressure of 10 bars would leave, in
the worst case, 4 bars pressure at the riser outlet. This pressure equates to the lower
pressure requirement for wet rising mains, the results of which have been presented
above. Whilst 7 bars input pressure would leave 1 bar at the riser outlet which would
be inadequate for any form of firefighting attack.

8.15 At lower elevations in a building the hydraulic losses will be less. For some of the
branches evaluated there will be an elevation where the pressure available at
the dry riser outlet is not sufficient to support adequate compartment
firefighting tactics with either 45mm or 70mm hose. For the same firefighting
branch, where 45mm hose is used, this elevation will be significantly less than that
where 70mm hose is used. The limits for compartment firefighting with 51mm hose will
lie between the two other hose sizes. As discussed in 6.13 and 6.14 this hose however
offers the benefits of improved manual handling over 70mm hose and increased
hydraulic performance over 45mm hose.
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8.16 The above factors will result in a range of performance envelopes where for a specific
branch, dependent upon the size, length of hose line and the flowrate the pressure
available at the rising main outlet may not be sufficient to support compartment
firefighting tactics. This has implications for the procedures and choice of equipment
used to fight a fire in a tall building. 

8.17 To achieve the riser flowrate of 500 litres/min, when using 69m of 45mm hose, required
in excess of the current pressure regulated limits for a wet riser (4 to 5 bars). For the
branches under evaluation a minimum of 6.7 bars was required before any of the
branches under evaluation attained the flowrate. Ten branches were unable to attain the
flowrate within the test limit of 9 bars maximum.

8.18 When using 69m of 51mm hose at 5 bars pressure only 3 branches achieved the riser
flowrate of 500 litres/min, whilst 6 branches did not attain this flowrate even at the test
limit of 9 bars pressure.

8.19 When using 69m of 70mm hose at 4 bars running pressure, 6 branches were able to
attain the flowrate. At 5 bars, a further 4 branches attained the flowrate and subjective
criteria. As with the 45mm and 51mm hose assessment a number of branches required
up to 9 bars to achieve the flowrate, with 2 branches not attaining the flowrate within
the test limit of 9 bar maximum. 

8.20 The assessments recorded in 8.17, 8.18 and 8.19 indicate that there is limited correlation
between the running pressure and flowrates specified for wet rising mains with the
branches assessed indicating that the performance criteria specified is not empirically
based and should be reviewed. 
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9.0 Conclusions 

9.1 The subjective performance of firefighting branches decreases with decreasing
pressures. 

9.2 There is significant variation in the pressure above which the subjective performance of
firefighting branches is considered adequate to undertake the techniques taught for
compartment firefighting. An operating pressure of 4 bars at the branch would be
needed for the majority of the branches assessed.

9.3 The pressure drop across 69m of 45mm hose is so significantly large, that at low
pressures, the majority of the branches assessed were not able to achieve the
performance requirement to adequately undertake techniques that are taught for
compartment firefighting. 

9.4 When firefighting in tall buildings fitted with dry rising mains, with some firefighting
branches there will be an elevation beyond which there is inadequate pressure to
undertake compartment firefighting techniques. This elevation will depend upon the
charging pressure used for the rising main, size and length of hose used for the attack
line, the flow and the specific performance of the firefighting branch used. Account 
also needs to be taken of kinking in the hose line at low pressures and the effect this
has upon the pressure and flow available at the firefighting branch. For the same
firefighting branch, where 45mm hose is used, this elevation will be significantly less
than that where 70mm hose is used. If 51mm hose was used a firefighting attack could
be mounted at higher elevations than could be achieved with 45mm hose currently
used by most fire and rescue services.

9.5 When firefighting in tall buildings fitted with wet rising mains, the pressure at the riser
outlet is regulated between 4 and 5 bars. Dependant upon the size of the hose and the
specific performance of the firefighting branch there may be insufficient pressure
available at the firefighting branch to undertake techniques that are taught for
compartment firefighting. Again this situation will be exacerbated where smaller
diameter hose is used for the attack line. 

9.6 There appears to be limited correlation between the running pressure and flowrates
specified for wet rising mains indicating that the performance criteria specified is not
empirically based and should be reviewed.

9.7 The equipment specified in the high-rise generic risk assessment produced by HM Fire
Service Inspectorate does not align to building design configurations allowable under
the building regulations, or for the use of safety teams covering the main fire attack
team. This assessment requires reviewing in light of the results of this work and future
work examining the performance limitations of firefighting from a dry rising main. 
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9.8 Whilst this report considers firefighting from a rising main, should that system fail
through, for example poor maintenance, or in extreme circumstances the effects of
terrorism, there would be a range of different performance envelopes where: 

� the techniques for compartment firefighting cannot be undertaken and,

� direct firefighting attack cannot be mounted without undertaking a vertical water
relay. 

Summary 

9.9 Tall buildings pose unique firefighting challenges as firefighting and search and rescue
operations can only be undertaken within the building, often at considerable heights
above the fire service access level. The facilities installed in these buildings will have a
direct bearing on the tactics to be adopted, with firefighting shafts with firefighting lifts,
rising mains and smoke control facilities being provided to assist firefighters. The events
of September 11th and several other incidents have shown that there are limitations on
the size of fire that can be dealt with in a tall building and the possibility that building
systems designed to assist firefighting may fail. Changes have also occurred in
firefighting tactics, which have resulted in the performance standards for building
systems provided to assist firefighting not aligning to the firefighting tactics adopted in
tall buildings.

9.10 Overarching all these issues is the consideration that there is no national policy for
high-rise firefighting and search and rescue operations that accounts for:

� The type and limitation of facilities provided to assist the fire and rescue service in
dealing with fires in tall buildings.

� Minimum pressure requirements for firefighting branches when used in tall buildings
and thus corresponding water flowrates. 

� The physiological performance of firefighters both in normal circumstances and also
more extreme events where fixed installations such as risers or firefighting lifts have
failed. 

Effect of reduced pressures on performance of firefighting branches in tall buildings
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10.0 Recommendations 

10.1 The results highlight the fact that fire and rescue services may need to evaluate the
performance of the branch types that they use during high-rise firefighting operations to
comply with their obligations under Section 4 of The Provision and Use of Work
Equipment Regulations [ ]. This will include other influencing factors such as the
pressures available from dry/wet riser systems and the diameter and lengths of hose
used.

10.2 New performance standards for rising mains within tall buildings should be developed
at the earliest opportunity that are compatible with effective compartment firefighting
techniques needed to support the safety of firefighters. 

10.3 The performance envelopes identified in 8.16 should be investigated in future work,
together with contingency arrangements to extend the performance envelope for
firefighting in the event of failure of the facilities designed to support firefighting in tall
buildings.

10.4 Fire and rescue services should consider the adoption of 51mm hose instead of 45mm
hose for high-rise fighting. This is due to its improved hydraulic characteristics and its
ability to supply an adequate firefighting attack from fixed installations which may not
be achievable with 45mm hose. These benefits would also apply to other firefighting
applications currently undertaken with 45mm hose. 

10.5 The generic risk assessment for high-rise firefighting and search and rescue procedures
produced by HM Fire Service Inspectorate should be revised in light of the results of
this work and the output from item 10.6 beneath.

10.6 An agreed National high-rise firefighting and search and rescue procedure should be
developed, which reflects:

� the type, performance and limitations of firefighting facilities provided in tall
buildings,

� the physiological limitations of firefighting in tall buildings,

� the performance and limitations of fire and rescue service equipment designed to
support firefighting in tall buildings and

� contingency arrangements for possible failure of facilities designed to support
firefighting in tall buildings.
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APPENDIX A

Details of Branches

Table A1: Details of branches tested

Branch 
Number Manufacturer Model Setting

26 Akron Brass Co. (USA) Marauder Style 4516 125 gpm (US)

45 Rosenbauer RB 102 750 lpm

46 Rosenbauer Autoflow RB 201

47 Deltafire Mainline Nozzle DM600

48 Akron Brass Co. (USA) Turbojet 1763 750 lpm

49 Akron Brass Co. (USA) Assault 4820 (550lpm)

50 Leader Group Quadrafog – 500T 475 lpm

51 Leader Group TFT Midmatic

52 Leader Group TFT Duojet PP Red Stem

53 Elkhart Brass Manufacturing Co. INC. (USA) Chief 4000-13

54 Elkhart Brass Manufacturing Co. INC. (USA) Selectomatic SM 20-FG

55 Elkhart Brass Manufacturing Co. INC. (USA) Model 205 – Industrial

56 Williams Fire & Hazard Control Viper – Select – Hydrojet 125 gpm (US)
– SG 9520

57 William Eagles Buccaneer – Type A – 450S

58 William Eagles Buccaneer – Type B – TK500 500 lpm

59 William Eagles Buccaneer – Type C – TM500

60 Hughes Engineering Ltd. Noble BP1

61 Hughes Engineering Ltd. Noble BP1 – FR

62 Hughes Engineering Ltd. Noble Powerjet – NPJ7 0.5"nozzle

63 AWG M2540 16mm nozzle

64 Unifire V12 12mm

65 Unifire V16 16mm

66 Unifire V20 20mm

67 Angus Fire Armour Ltd. Diffuser “Cooperspray”

68 Angus Fire Armour Ltd. Hi-Combat style 367B 750 lpm

69 Galena Fire Engineering Ltd. Hyperfog 700

70 TA Incentive Group Fogfighter
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APPENDIX C

Historical background and current
provision of rising mains in tall
buildings

Post-War Building Studies

The current guidance on the provision of rising mains to support firefighting mainly
stems from Post War Building studies undertaken by the Joint Committee of the
Building Research Board of the Department of Scientific & Industrial Research and of
the Fire Officers’ Committee. This was one of a series of committees to “investigate and
report on the major problems which were likely to affect peacetime building”43.

The scope of the studies were to set out the underlying principles of fire grading
through “Investigation and assigning of suitable fire precautions of any kind to attain
an adequate standard of safety, according to the fire hazard of the building under
consideration”.44

Guidance on the provision of rising mains was made as means to speed extinguishing
operations. There were three main premises underlying the rationale of measures to
speed extinguishing operations.

Firstly, recognition that “the less the degree of fire resistance of the structure in relation
to its fire load the less would be the time available to prevent a serious fire from
spreading from the compartment in which it started to other parts of the building.” 45

Secondly, as the height of the building increased, so did the difficulty in tackling the
fire, in particular when buildings exceeded the reach of the turntable ladder at 100ft.

Thirdly, as floor areas increased, again the difficulty in tackling the fire increased and
the potential size of fire also increased.

To overcome the delays associated with running hose out to the fire scene,
recommendations were made for the provision of internal mains with hydrants and
rising mains.

“It follows that all reasonable precautions should be taken to enable the fire service to
expedite the extinguishing operations. In this connection the incorporation of mains
fitted with hydrants in the building reduces the necessity for laying out lines of hose up
staircases or over long distances a cumbersome and slow process and thus permits water
to be applied more quickly to the seat of fire.” 46

45



Internal mains with hydrants were recommended in three circumstances (paraphrase)47.

1. Within buildings or divisions exceeding 10,000 sq ft and where any part of the floor
was more than 100ft from the street.., 

2. In the case of buildings exceeding 100ft in height.

3. Abnormal occupancies where time delays in attacking the fire would be more crucial
than normal occupancies.

It is appropriate to note that the provision of rising mains followed a functional
requirement of one outlet per 10,000 sq. ft (929m2), provided all parts were within
reach of a 3⁄4" jet from not more than 100 ft of hose, including parts which are enclosed
by partitions” 48. This functional requirement forms the basis for the current criterion of
one outlet per 900m2 49, although as detailed later the criterion for all parts of the floor
area to be within reach of a jet from not more than 100 ft of hose (30m) is presently 
set at 60m.

There was also a relationship between the expected attendance time for appliances
attending a property and whether the main needed to be wet or was permissible to be
a dry rising main to be charged by firefighters upon their arrival. Where there was a
reasonable certainty of two appliances attending within 5 minutes it was permissible for
the main to be dry in buildings less than 100ft high.50. 

CP3 Code of Basic Data for the Design of Buildings. Precautions
against Fire.

In the 1960s to reflect that the fire service had a maximum rescue capability using
ladders (wheeled escapes) of 60 feet, risers were required in buildings above this height
to speed extinguishing operations. This requirement was provided through CP3
Publications: Parts 1 for Flats and Maisonettes51, Part 2 for Shops and Departmental
Stores52 and Part 3 for Office Buildings53. These standards also set the present criterion
that in buildings over 200 feet the risers should be permanently charged and described
as wet risers. The implicit rationale for this height drew from the maximum elevation
that a fire appliance supplying a rising main could supply a jet of water using 23⁄4" hose
(70mm) when connected to the riser outlet. The two trigger heights of 60 and 200 feet
are reflected as 18m and 60m in current requirements.
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Other current requirements

Approved Document B, Fire Safety. 2000

The guidance provided through Approved Document B to the Building Regulations is
covered in Section 2.0 of the main report.

Scottish Technical Standards

In Scotland the Building Standards (Scotland) Regulations 1990, as amended apply.
Compliance with these Regulations is achieved through The Technical Standards54.
Facilities for firefighting are contained within Part E and are supported by provisions
that are deemed to satisfy the standards. The standards contain the same criterion as
Approved Document B for when a riser should change from a dry to a wet standard
and a similar controlling criterion for restricting the distance of the floor from the riser
outlet:55

“escape stairs must be provided with firefighting facilities in accordance with the table to
this standard and located so that they are,

a. at least 20 m apart; and

b. so that no point on any storey is further from a firefighting outlet than 1 storey height,
and

ii. 60 m measured along an unobstructed route for fire hose.”

The provisions deemed to satisfy the Technical Standards in respect of fire mains state56

that the requirements will be met where:

a. the wet fire main is in accordance with BS 5306: Part1: 1976 (1988); and

b. the landing valves conform to BS 5041: Part 1: 1987.

For dry mains the requirements will be met where:

The main is in accordance with BS 5306: Part 1: 1976 (1988); and where there are:

a. landing valves for dry fire mains, they conform to BS 5041: Part 2: 1987; and

b. inlet breechings for dry fire mains, they conform to BS 5041: Part 3: 1975 (1987);
and....”

Effect of reduced pressures on performance of firefighting branches in tall buildings
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British Standards

PD7974-5 (Sub-system 5), Application of Fire Safety Engineering
Principles to the Design of Buildings – Part 5: Fire Service
Intervention

PD 7974-5 provides a framework for developing a rational methodology for design
using a fire safety engineering approach through the application of scientific and
engineering principles to the protection of people, property and the environment from
fire. When considering fire service intervention the standard recommends that rising
mains be provided in buildings over 11m adjacent to any escape stair. In buildings with
a storey height of 18 m or more the main is within a firefighting shaft57. For the
standard of the firefighting shaft PD 7974-5 references BS 5588-5, Fire precautions in
the design, construction and use of buildings – Code of practice for firefighting stairs
and lifts which is discussed later.

BS 5588: Part 5 Code of practice for firefighting stairs and lifts

Guidance for designers in providing firefighting stairs and lifts to assist the fire service
in firefighting operations is contained in BS 5588: Part 5 Code of practice for firefighting
stairs and lifts58. The standard also contains the controlling criterion that the distance
from the riser outlet to any point on the storey does not exceed 60m59.

In respect of the technical standards for the risers this states60 that wet and dry rising
mains (and falling) mains should be installed in accordance with BS5306: Part 1.

Whilst the code does not include a recommendation for the provision of fire mains in
buildings provided with firefighting stairs but no lift, it advocates that this should not
preclude the provision of fire mains in such buildings61.

BS 5306: Part 1:1976 Fire Extinguishing installations and
equipment on premises62. 

Inter alia BS 5306 specifies that rising mains should be provided where buildings are
over 18m in height and where the building exceeds 60m wet rising mains should be
provided63. The number of rising mains is also determined by criteria of one rising main
for every 900m2, or any part thereof, of the floor area at each level other than the
ground floor. Also no part of a floor area should be more than 60m distant from a
landing valve: the distance to be measured along a suitable route for laying hose lines,
including the distance up and down a stairway64. 

Where wet risers are provided, the standard specifies that each pump should be
capable of providing a flow of water of at least 25 litres/s (1500 litres/min) in the wet
rising main, i.e. sufficient to supply three lines of hose from three landing valves
simultaneously. A minimum running pressure of 4 bar and a maximum of 5 bar should
be maintained at each landing valve when any number, up to three, are fully opened65.
The pressure regulation criteria for wet rising mains was used to support practical trials
outlined earlier in the report. 
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BS 5588 Fire Precautions in the design, construction and use of
buildings

This standard contains a number of Parts offering guidance on fire service access and
facilities, which call up similar requirements on the provision and standards of rising
mains, namely:

● BS 5588: PART 1: DWELLINGS66, 

● BS 5588: PART 6: PLACES OF ASSEMBLY67, 

● BS 5588: PART 10: SHOPPING COMPLEXES68, 

● BS 5588: PART 11: SHOPS, OFFICES, INDUSTRIAL, STORAGE & OTHER SIMILAR
BUILDINGS69.

BS 9999 – Clause 8: 2001 Access and facilities for firefighting 

BS 9999 is intended to replace a number of Parts of the BS5588 series. The draft under
development also contains recommendation in clause 8 for the provision and standards
for rising mains70. The provisions and standards for rising mains follow those detailed in
PD 7974-5 (Sub-system 5) which was reviewed above.
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