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Executive Summary 


The Building Disaste r Assessment Group (BDAG) was established to consider the 
issues, for fire authorities and their fire and rescue se rvices in the UK, that have been 
highlighted by the World Trade Centre (WTC) incident of 11th September 200 1. A 
principle aim of this group is to promote the health and safety of firefighte rs and 
building occupants by ensuring that build ing design re flects the operatio nal response 
and practices o f the fire and rescue service, and equally th at operatio nal practices 
reflect bUilding design assumptions, 

The amount of water required to fight extreme fires in high-rise buildings is an issue 
that has a risen as a result of the attacks on the WTC o n Septembe r 1lLh 2001 , but 
which is re levant fo r a ll high-rise fire incidents, 

Fire fighting shafts containing rising mains are p rovided 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 fro m a fire appliance pump during an incident, o r a wet 
main , w hich is permanently charged with wate r Where dry mains are provided the 
pressure available at the firefighting branch redu ces with increasing e le vation due to the 
sta tic head of the wate r in the ris ing main and frictio nal losses, [n 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 fl ow. 

However, there is little data currently available to establish whe ther the current 
p rovisions and corresponding fire and rescue service procedures are appropriate. 11,ere 
is also a pressing sho rt-term need to e nsure that firefi ghting techniques in tall buildings 
align to the equipment used and faciliti es provided. Where techniques do nOt align with 
equipment then the changes needed to suppo rt firefighting in tall bUildings should be 
identified . 

This report deta ils work undertaken to identify the current water flows and procedures 
likely to be found in high-rise firefighting . It conside rs the implica tions of th e results of 
the work fo r both the current provision of ris ing mains, facilities, equipment and 
firefighting practices in the built environment . Specifically this repo rt considers : 

I. 	The background and current standards for ris ing mains provided as part of fire and 
rescue service facilities. 

2. 	 The subjective perfo rmance of firefighting branches at reduced pressures against 
criteria based on best practice o f compartment firefightin g tactics. 

3. 	 The pressures available at firet"ighting branches when supplied from diffe re nt 
diameters of fire hose which may be used to flght a fire from a firefighting shaft. 
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[ffee[ of reduced pressures on performance of firefigil[ing branches in (ail buildings 

The main findings of the report are that: 

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

2. 	 There is significant variation in the pressure benea th which the subjective (from a panel 
of profess ionals) pe rfo rmance of firefighting branches is considered inadequate to 
undertake the techniques taught for compartment firefighring. The majority of branches 
tested required a minimum o perating pressure of 4 bars at the branch ro perform 
sa tisfactorily 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 firefighring branch. 

4. 	 When firefighting in tall bu ildings fitted with dry ris ing mains there will be an eleva tion 
beyond wh ich there is inadequate pressure to undertake adequate compartment 
firefighting techniques with some firefighting branches. This e leva tion will depend upon 
the size and length of hose used for the attack line, the Aow and the specific 
performance of the firefighting branch used. For the same firefighting branch, where 
45mm hose is used , this e levation will be significantly less than that where 70mm hose 
is used . lf 51mm hose was used a firefighting attack could be mounted at higher 
elevatio ns than could be achieved with 45mm hose currently used by mOSt fire and 
rescue services. 

5. 	 When firefighting in tall buildings fitted with wet ris ing mains, the pressure at the rise r 
outlet is reg ulated be tween 4 and 5 bars. Depending upon the size of the hose and the 
specific performance of th e firefighling branch, there may be insufficient pressure 
available at the firefighting branch to undertake techniques that are taugh t for 
compartmenr firefighting. This situation will be exacerbated where smal ler diameter 
hose is used for the attack line. 

6. 	 There appears to be limited correlation between th e Dinning pressure and flowra tes 
specified for wel riSing mains indicating that the performance criteria specified is not 
e mpirically based and should be reviewed. 

7. 	 The resu lts highlight the fa ct that fire and rescue services may need ID evaluate th e 
performance of the branch types that they use during high-rise firefighting operations 
to comply w ith the ir obligatio ns under Section 4 of The Provisio n and Use of Work 
Equipment Regulmions. This will include other inAuencing facto rs such as the pressures 
ava ilable from dry/ wet riser systems and the diameter and lengths of hose used. 

8. 	 Further resea rch should be conducted into Ihe perfo rmance standards required of both 
dry and wet rising mains in tall buildings to develop standards which will suppOI1 the 
use of compal1ment fire Fighting techniques req uired to suppOI1 the safety of firefighters. 
This work should a lso include contingency arrangements for possible failure of facilities 
designed to SUppOI1 fuefighting in tall buildings. 

9. 	 The generic risk assessment for high-rise firefighting and sea rch and rescue procedures 
produced by HM Fire Service Inspectorate shou ld be revised in light 
of the results of this work and the future research identified. 
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Effect of reduced pressures on performance of firefighling branches in lall buildings 

10. Final ly [he repon recommends tha! an agreed national high-rise firefigh[ing and search 
and rescue procedure shou ld be developed, which reflects: 

• 	 [he type, performance and limitations of firefigh ting facilities provided in tall 
buildings, 

• 	 [he physiologica l limita [ions of fire fighring and sea rch and rescue procedures in tall 
buildings, 

• 	 [he performance and Iimita[ions of fire and rescue service equipment designed [0 

suppon firefigh[ing in tall bUildings a nd 

• 	 contingency arrangements fo r possible failure of facilities designed to SUppOI1 
firefigh[ing in tall buildings. 
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Background 


The Building Disaster Assessment Group (BOAG) IV,,5 estabhshed to consider the 
issues, for fire authorities and their fire and rescue services in the UK, that have been 
highlighted by rhe World Trade Centre incident of 11th September 2(0), A principle aim 
of this group is to promote the health and of firefighters and building occupants 
by ensuring that building design reflects the operational response and practices of the 
the and rescue and equ"lIy that operational practices building design 
assumptions. This is particularly important when planning for extreme events such as 
rerrorist actrv-ities. 

However, the relationship between firefighting and building deslgn when considering 
terrorist activity also impacts upon fireHghting and building design assumptions for 
'normal' activity Current building design guidance is largely based on post war bUilding 
slUdies and so is often hased on nre and rescue service equipment and practlces 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 
conSti1Jction marerials 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 \vrc on September 11th 2001, but 
which is relevant for all high-rise nre incidents. However, there is little data currently 
available to establish whether the current provisions and corresponding 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 StJndards. Where techniques do not align with equipment the 
changes needed in either fJrefighting procedures. fixed equlpmenl or the supporting 
guidance Or slandards 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 e ither 
dry malfls supplied from a fire appliance pump, or systems which are permanently 
charged - wet mains. Where dry mains are provided the pressure available at the 
f1refightlflg branch reduces with increasing e levation due to the static head of the water 
in the rising main and frictional losses. In very ta ll 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 se rvices 
because: 

• 	 increased fire load or compartment size in large buildings ma y have increased the 
potential fire size, 

• 	 compartment firefighting techniques ha ve changed , 

• 	 equipme nt specifica tions 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 fire fighting 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 shah ma y 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 P'1I1icular 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 panicular occupancy, and 

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

t 10 (he UK a firefighting shaft is a protected e nclosure containing a firefighling stair, fire fi ghl 1ll8 lobbies and, if 
provided, a firefighting lift logerner with its machine room ( OS 5588: Part 5:1991 Section 1). 
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Effect of reciu('ed pressures on p~o>rformance of firefigh[ing brar:ches in mll buildings 

1.S These concems suggest that there is a requirement to examine the curreOl provision of 
rising mains, current practices and the facdities and equipment used when 
fighting a fire from a nrefight1l1g shaft. This repon considers: 

• 	 The background and current standards for flsmg mains provided as pan of nre and 
rescue service 

• 	 The subiective performance of firefighting branches at pressures, against 
criteria based on best practice of compartment firefighling tactics. 

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

1.6 These results will be used to support: 

• 	 fire and reSClle service training. equipment and procedures, 

• 	 generic and dyna mic asse%rnenrs including exrren1e events such as terrorism or 
natural disas!ers. 
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2.0 Provision of rising mains 
in tall buildings 

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

Current Requirements.' Approved Document B, Fire Safety. 2000 

2.2 	 Guidance On the provision of fi re mains is given in Seclion 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 Jire 
service may connect hosesfor water toJightJires inside the bUilding. Risingji"re mains 
senJe j100rs above ground, or upwards}ram the level at which the Jire service gain access. 
Falling mains serve levels below Jire service vehicle access level. Fire mains may be of the 
'dry' type which are normally empty and are supplied through hose from a Jire seruice 
pumping appliance. Alternately they may be of the 'wet' type where they a.-e kept Jidl of 
water and supplied}ram 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 I. 

2.4 	 Approved Document B indicates thar fire mains should be provided wil hin firefighling 
shafts on the basis of one fire main per shaft with the outlets from the mains being 
located in each firefighting lobby giving access 10 the accommodation'

2.5 	 The crileria for the provision of firefighting shafts are outlined elsewhere in the 
Approved Document3. There is however a cont ro l criterion that "FireJigbting shajis 
.. . should be located such that every part ofevery storey, other than Jire service access 
level, is no more than 60m }ram th e ji"re main outlet, measured on a route suitable Jor 
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 }i-om the Jire main outlet'''. 

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 o r dry mains are suitable5. 

2.7 	 Guidance On other aspects of the design and construcl io n o f fire mains, not included in 
the Approved Document, can be found in Sections 2 and 3 o f BS 5306:Part 1: 19766 
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Effect ot reduced pressures on perfonu(lnce of firefighling br3.nches in ti.ll buildings 

BS 5306: Part L1976 Fire Extinguishing Installations and 
Equipment on Premises? 

2.8 	 In addition to detailmg the of nsing mnin to be mstalled in a building, the standard 
specifies that each pump supplying a wet riser should be capable of proViding a flow 
of water at least 2'> 0500 litres/min) in the wet rising m,lin. This is taken to 
be sufficient to serve a 110e of hose from three landing valves simultaneously Le. 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 openedB 

Performance Criteria for Rising Mains used in Practical Trials 

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

J) 	Firefighting shafts should be located such that every parr of every storey, other than 
fire service access level. is no mOre than 60m from the fire main outiet, measured on 
a route suitable laying hose. Appendix C idemifjes other building uc:"g.ll 

gllidance, ",hid, use the same criteria. Delivery bose is available in various lengrbs9, 

these nre and rescue services generally lIse hose in length A distance of 60m 
from a riser olHlet equates ro 3 to 4 lengths of hose between rhe riser outlet and the 
firefighting branch, depending on which floor tbe firefighting attack is mounted from 
and the layout of the fire flooL It Is Iloted that the generic dsk assessment 
produced by HM Fire Service Inspectorate for high-rise Iu-efighting'0 
advocates using 2 lengths of 45mm hose (50m in total), Thls does not align to 
the 60m control criterion for rising mains identified above and should 
therefore be reviewed. 

2) 	A minimum running pressure of <1 bar anu a n1aximum of 5 O;}f should be 
mainWined at each landing when any number, up [0 three, are fully opened 
with a flowrate of 500 litres/min. 

12 
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3.0 Compartment fire fighting 

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. srating 
rhar the autho rity was contraven ing rhe Health and Safety at Work Act, because 
"employees are not prolJided wilh adequate health and safely training to equ ip Ihem for 
Ihe risks 10 which they are exposed'''. The improvement measures included: identifying 
any de fi ciencies in the training program in comparison with national gUidance, revising 
the training program acco rdingly 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 entJy procedures. 

3.3 	 The recommended actions for firefighters are listed as!3: 

• 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 delive r theore tical a nd practical training in 
tlashover and backdraught, competently and sa feJy14. Various fire and rescue services 
also proVide practica l training in compartment fire behaviour training!>. 

Fire Service Manual, volume 4: fire service training, guidance 
and compliance framework for compartment fire behaviour 
training 16 

3.5 	 This manual builds on previous gUidance o n practical training for compartment fires!' 
and identifies that compartment fire training facilities SUppOlt the achievement of the 
training aims and objectives by providing opportunities for personnel to!8: 

• increase the ir understanding of fire behaviour, 

• practice firefighting techniques. 

13 



Effeo..:l of reduced pressures on performance of tlrefighling branches in [all buildings 

3.6 	 The manual goes on to state that practical fire bebaviour and firefighter twining 
conduCl.ed in a safe and comrolled environment also allows operational personnel to 
contribute to their own satetyl9 by developing: 

• 	 confidence to deal with in compartments. 

• 	 responsibilIty for their own performance and 

• 	 knowledge and self discipline to employ sate of work, 

• 	 confidence in their team members and incident commanders, 

• 	 confidence in their eqll1pmem, PPE and operatIonal procedures, 

• 	 effectiveness as a member of a team, 

• 	 adaptability to changing Circumstances, 

• 	 vigilance for their O""fi safety and that of colleagues, 

,. 	 recognition their own abilities and limitations and that of their firefighting 
equipment and l'PE 

3.7 	 Section 8.5.4 states that "tbefirefighling equipment available to fireligbters participating 
in compartment fire training should consistent idtb a risk assessment ofa typical 
sewre roOm jire alld of {j type carrelllly in operational use by tbe fire brigade and 
therefore knowl! 10 {be students" and 

"855 Tbe size and type ofequiptnem must no! be reduced or scaled down or rnoclifi:ed 
for CFBT purposes. 17);S could result in tbe "7i~,taken belief tbat circumstances lrained for 
and on tbefireground are tbe same. " 

There is therefore a justifiable assumption that the techniques taught for deahng 
compartment. Can he applied with the equipment. by fire and rescue services. 
There is also a requirement to ensure that the equipment. used for firellghting is 
suilable for the purpose through The Provision and Cse of Work Equipment 
Regulations. 

7be prouision and use of work equipment regulations 199820 

310 	 Section 4 of the ProviSIon and Use of Work Equipment Regulations21 states in regard to 
tbe suitability of work equipment that: 

"4. -	 (1) Every employer siJa/l ensure that work equipmelll is so COllSlmcted or adapted 
as to he SUitable/or tbe pUlpose for whicb it is used orproVided 

in selecting work equipment, ec¥>r)' employer sbaH haue 10 tbe working 
conditions and to tbe risks to tbe bealtb and salely ofpersons wbicb exist in the premises 
or undertaking in which Ihal work equipment is to be used and any additional risk 

by tbe use of tbat work equipment 
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Effect of reduced pressures on performance of firei1gtHing br;lnches in tall buildings 

(3) Every employer shall enSure that work equipment is used only for operahons for 
which, and under conditions fo,- wbich, it is suitable. 

(4) In this regulation 'suitable " means suitable in any respect whicb it is reasonably 
foreseeable will a}fect the health or safety of any person ,. 

3. 11 The work undertaken for this re port therefore seeks to identify (subjective ly) when the 
techniques for dealing with compartment fires could not be applied successfull y due to 
the pressure a vailable at the firefight ing branch. 

3.12 

Techniques ofwater application 
Much has been written on the techniques of water application22, 23, 2<. 25, 26 Subject to the 
assessme nt of fire conditions, it will usua ll y 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 incipie nt 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 
fire". 

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 fire fighting conducted by Natio nal Resea rch 
Council Ca nada (N RC) states that the 3D water fog technique uses: 

"a combination fog nozzle to inject fine water droplets into overhead gas layers in a 
series ofshOrl bursts Or ·'pulses". t be objective is to suspend jine water droplets in the 
smoke layer to cool, inert and dilute unburned hot gases, bringing tbem outside their 
flammability range in an allempt to prevent or quench subsequent ignitions." 31 

3.14 NRC furth er identified that: 

"the optimum. performance of the 3D water[og techniqtw 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 
jire conditions (e,g" j ire size and compartment geometry) " 32 

3.15 The work unde rtake n fo r this report sought to investigate: 

• a minimum (subjective) pressure required fo r firefighting branches to produce an 
effective spray and jet pattern , to undertake the techniques of wa ter application 
identified above. 

• if the techniques for dealing with compartment fires could not be applied due to the 
lower pressures ava il able at the firefighting branch whe n re-creating a simulated 
firefighting attack in a ta ll bUilding. 

3.16 Whilst this repo rt studied the use of equ ipment in a tall building, the same limitations 
would apply at reduced pressures in o ther circumstances. 
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Effeci of reduced pressures on performance of firefighcing branches in (all buildings 

3. 17 Intuitively the pressure available at the firefighting branch will influe nce the 
cha racteristics of the spray and jet produced. The pressure and fl ow at a firefighting 
branch can be accu rately assessed. However the re are considerable practical and 
technologica l difficulties, as well as substantial costs, in attempting to accurately assess 
aspects such as size and velociry of droplets in the spra y and jet patterns produced 
from fireflghting branches. Also when considered against the skill of Water applica tion 
by firefighters, the q uantitative significance of these factors is unknown. 

3.18 The refore to provide a comparative pragmat ic analysis of the effect of pressure on the 
spray and jet characteristics produced at a range of pressures, subjective criteria based 
upon the professiona l opinion of a stakeholder panel was used. The determination of 
the subjective cri te ria and the testing methodology is outlined in Section 4. 
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4.0 Development of subjective 
criteria 

4.1 	 A professlonal panel was eSlablished and their inltial ro le was to determine appro priate 
crir.eria aga inst which a branch is assumed to be operating sa fel y/ effecr.i vely. The panel 
consisted of representatives from the Fire Service College, Chief and Assistant Chief 
Officers Association/London Fire Brigade and members of the Fire Slatistics and 
Research Division. Her Majesty 's Fire Service Inspectorate was involved with initial 
meetings about the format of the trials but was no t present at the trials. 

4.2 	 The pane l spent a day at the Fire Sta tis tics and Research Division's Still Air fac ility at 
Hangar 97, Upper Rissington (formerly RAF Li ttle Rissingto n, UK) conducting branch 
tria ls. The testing arrangements are outlined in Section 5. 

4.3 	 The branches evaluar.ed we re those that the Fire Expe rimental Unit (FEU) previously 
appraised in early 2000, the results of which were published as a set of data sheets·". 
A list giving delails of all the branches tested is g iven in Appendix A. In addition, an 
Akron Maraude r branch was included which is s till in use in some fire and rescue 
se rvices. A further branch, the TA Incentive Group's 'Fogfighte r', was evaluated at a 
later date. This branch is used e""tensively a t the f ire Service College for compartme nt 
firefighting and training. The purpose of the preliminary series of tria ls 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 subjecti ve opinion of the panel , 
give the most effective and fa vourable conditio ns for fire fi ghting. 

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

4.4 	 In establishing th e subjective criteria which would be used to appra ise the performance 
of the firefighting branches at different pressures, the panel decided firefighting 
branches were required to produ ce: 

• An 	effective jet, as this would be reqUired to underlake a direct fire a ttack. 

• 	 An effective spray on full cone, as this wou ld be required to prov ide a defensive 
spray to protect firefighters should it be necessary to withdraw from a compartme nt 
if the conditions deteriorated. 

• 	 An e ffective sp ray pattern at a 70° cone angle, which would be reqUired to 
undertake 30 gas cooling. This angle was chosen as being with in the 60° to 75° 
opt imum ra nge that is recommended by o the r research work that has been 
undertaken into compartment firefighting.l4. .15. 36 

4. 5 These funcr.ional requirements were therefore used as the assessment crite ria for the full 
testing of th e branches outlined in Sec tion 5 and 6 of this report. 
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In assessing branch perfonmmce "gainst these criteria, the panel decided that the 
branches would be ,et [Q the maximum cone angle and maximum llowrate setting 
\vhere applicable, as these appeared to produce the most favourable conditions 
for the assessment. This rationale was therefore used for the further trials omlmed in 
Section 5 and 6 beneath. 

4 7 As discussed in Section 8 later a number of branches were not as the panel 
considered they were not appropriate for compartment firefighting 'W'here branches 
were excluded from the testing the branch number is indicated on the subsequent 

but no data is for pass pressure and llowrate for those branches, 

The preliminary trials determined the minimum operating pressures (known as 'pass 
pressure' from here on) for the branches to achieve the subjective criteria. 1\0 mher 
measurements were taken during tbis initial set of trials. 

4.9 	 A subsequent series of trials was conducted where deuiled measurements of tbe 
jetispray characteristics were recorded These trials are in Section 5 including 
detatls the testing arrangement and for the prelrminary subsequent testing 
undert'lken. 

4.10 	 It should be noted that for the reaSOnS outlined ahove, the spray patterns of the 
btanches were assessed purely on a llualitJt;ve basis. Should accurate and cost effective 
full-scale techniques be developed in the future that can assess the spr«y characteristics 
of branches it \\rould be worthwhile conducting a lluantit:ative on the 
performance of branches at different pressures. 
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5.0 Branch performance trials 


Background 

The trials were designed [0 provide measure ments 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 horizomall y in a rig and examined unde r similar conditions , the hydraulic 
configuratio n 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 

52 	 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 po int 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 cemre 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 floo r, 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 poim directly be low the branch coupling [0 the 
stated breadth". 

Figure 1: Definition of terms used for branch performance trials 

Definitions of terms used 

Elevation angle 
Wa'erje' 

Branch 00 ~tes:t~J:::::::::::::::==------~ 

tm 

'Throw' 

Wetted area 
Measured dimensions of jets 

Water spray 

Wetted area 

Measured dimensions of sprays 
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Description of hydraulic arrangement 

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

Figure 2: Hydraulic arrangement 

50,000 litre 
water tank 

Electromagnetic 
flow meter Inspection port 

70mm delivery hose Pressure pipe 
and gauge Strainer 

Water jet - c::=;9~~~r==:;_;:::=:=!=======::' 

Adjustable support standBranchpipe on test 

5.7 	 A hydrant supply was fed into the static rank to prevent it from becoming completely 
dra ined 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 
e lectromagnetic flowmeter (wirh digital readout) and glass sided inspection POl1 and 
va lve. This was installed as a precau tion to indicate possible entrained air, which might 
affect the flow meter reading. Any a ir that was entrai ned was vented by use of the 
valve attached to the pon. 

5.9 	 From the inspectio n pon anothe r le ngth of 6m of 70mm hose was connected to a 
pressure pipe which was mo unted ho ri zonta ll y at a height of 1m from the fl oor in rh e 
branch suppon stand. The branch unde r test was then connected into the other end of 
the pressure pipe. 

5.10 	 The [Wo 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 protracto r mounted on a stand was used to de termine the cone angles of the 
various sprays. By sighting against a horizontal spray, half of the included angle was 
determined , and the cone angle calcu lated. 

5.12 For measureme nts of "throw" and spray "breadth", nylo n measuring lines were 
prepared with plastic markers secured at 1m imervals. For measurements of jet "wid th", 
a 3m length of steel was marked in O.lm interva ls. 
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5.13 A digital camera was used to take digital images of the jet/spray panerns. Examples of 
jet/spray patterns are shown as Figure 3 beneath. 

70° Cone Jet 

Criteria used for evaluation trials 

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

Experimental methodfor initial trials 

5.15 	 For the initial eva luation trials, each branch under test was mounted ho ri zontally in the 
branch SUppOt1 srand and was set to its maximum cone angle and maximum 
collar/ stirrup setting where appropriate . The branch was operated over a range o f 
increasing branch pressures sw t1ing at 1 bar. The preliminary trials s howed that je t 
propet1ies 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. 
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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 Ci.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 	brancb 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 metbod for full brancb 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. 
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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 o f 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 thi s variability within the trials, the pressure outputS and performance 
criteria for a wet rising main were used as these are a known regulated stlndard. 

6.2 	 Section 2 identified the foll owing performance requirements re lating to rising mains: 

a) Firefighting shafts should be located such that every pa rt of every store y, other than 
fire service access level , is no more than 60m from [he fire main outlet , measured on 
a route suitable for laying hose . 

b) A minimum running pressure of 4 bar and a ma ximum of 5 bar shou ld be 
maintained a[ each landing valve w hen any number, up to three , are fully opened 
w ith a flowrate of 500 litres/min . 

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

a) If the performance criteria for th e firefighting branches defined by [he professional 
panel could be allained when Simulating connection of a 69m hose line to a wet 
riser running a t 4 to 5 ba rs pressure. 

b) 	If the re was correlation be tween the nowrate 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 fro m a riser outlet would, depending on the floor 
layout, require the connection of three le ngths of hose. However substantial fires would 
need to be tlckled from the floor below the fire noor which would necessitlte up to four 
lengths of hose. 

6.5 The twO main sizes o f delivery hose used in the UK fire and rescue services are 45mrn 
and 70l111n37 To aSSess if there was any significant affect upon perfo rm ance due to the 
choice o f hose size comparative measurements o f pressures and f10ws were taken with 
hose lines of each diameter. 
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6.6 	 Using hose fro m FEU stock an overall length of 69m was used in these tests. This was 
the nearest to the 75m that three new le ngths of hose would cove r, but reflecti ve that 
the performance criteria from a riser o utlet 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 ISm. 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 wh ich 
consisted of 3 le ngths of 23m. 

Experimental method 

6.8 	 Each branch under test was mounted ho rizontally in the branch support stand and was 
set to its maximum cone angle and maximum collar/stirnrp 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 Ilowrate were 
recorded. The process was then repeated at S bar pump pressure. 

6.10 	 Once measurements for all the bra nches had been recorded the 4Smm hose was 
replaced with 69m of 70mm hose and the whole process was repeated aga in . 

6. 11 It sho uld be noted that branches numbers 51 , 54 and 59 are not designed to operate 
below 6 or 7 bar respecti ve ly. Although it was known that they would not pass this 
additiona l evaluation, as they were designed for higher o perating pressures than are 
supplied by a wet rising ma in , they were included for completeness. 

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

Use 	of51mm diameter hose 

6.13 	 Fo llowing completio n of the above section of the work using 45mm and 70mm hose , 
it was deCided that the performance of an alternative hose size sho uld also be 
investigated. A hose was required that offered the benefits of increased pressures at the 
branch Over 4Smm h ose but had reduced weight and improved manual handling 
compared to 70mm hose. (The physiologica l 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 
ava ilable 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 descri bed in 6.9 and 6.12 above and the resulrs are included in Secrion 7 
with those of the 4Smm and 70mm hose. 
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7.0 Results 

Results from Branch Performance Trials 

7.1 	 Appendix B gives details all of the measure ments raken from the branch performance 
trials. 

Subjective minimum pass pressures defined by the 

professional panel 


7.2 	 Results from the profess ional pane)'s eva luation of the pressure necessary to a[[a in the 
performance criteria described in 4.4 are given as Figure 4 below, together with the 
corresponding fl owrate for the branches eva luated. 

7.3 	 It is observed that there is a significant variance in the minimum pressure required to 

produce a minimum effective performance sOllght 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 Ipm at 4 bars (branch 46) up to 702 Ipm 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 fjrefigh ting using fIXed insta lla tions, 
is discussed in Section 8. 

Figure 4' Mmlmum operatmg branch pass pressures and corresponding flowrates 
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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. 

Figure 5: 	Recorded branch pressure, correspondIng branch pass pressure and Ilowrate when 
supplied through 69m 01 45mm hose at 4 bars pump pressure. 
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7.7 	 Of the branches assessed on ly one branch (branch 53) atta ined a branch pressure equal 
or greater than the pass pressure reqUired for the branch (with a corresponding 
Aowrate of 322 lpm). 

Figure 6. Recorded branch pressure, corresponding branch pass pressure and Ilowrate when 
supplied through 69m 01 45mm hose at 5 bars pump pressure. 
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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 requ ired for the branch (Aowrates ranged from 
161 to 416 lpm). 
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Results from combining branch peiformance with firefighting 
attack from a rising main using 51mm hose 

7.9 Resul ts from the simulated use o f a fi refighting branch supplied f rom a wet riser using 

51mm hose are given in Figures 7 and 8, for 4 and 5 bars running pressure respectively. 

Figure 7 Recorded branch pressure, corresponding branch pass pressure and flowrate when 
supplied through 69m of 51 mm hose at 4 bars pump pressure 
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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 Cflowrates ranged from 283 to 

4331pm). 

Figure 8: 	Recorded branch pressure. corresponding branch pass pressure and flow rate when 
supplied through 69m of 51 mm hose at 5 bars pump pressure 
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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 grea ter than the pass pressure required for the branch 

CfJowrates ranged from 167 to 502 Ipm) . 
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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, fo r 4 and 5 bars nmning pressure respectively. 

Figure 9 	Recorded branch pressure, correspondong branch pass pressure and flowrate when 
supplied through 69m of 70mm hose at 4 bars pump pressure. 
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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 requ ired for the branch 
COowrates ranged from 148 to 588 lpm). 

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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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 atta ined a branch pressure equal or greate r than the pass pressure required 
for the branch Ctlowrates ranged from 169 to 690 Ipm). 
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Measurements of requirement of500lpm from a rising main 
using 69m of45,51 and 70 mm hose 

7 15 	 The results of the pressure required to generate a flow of 500 litres/min through 45 0101, 
510101 and 700101 hose lines 6901 in length are given as Figures 12, 13 and 14 
respectively. Where a fl ow of 500 litres/min was not generated the resultant flow at the 
maximum test pressure (9 bar) is recorded. 

Figure 11' Pressure required to generate a flow of 500 litres/mm through 6901 of 45mm hose 
with branches under assessment 
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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 5001pm bUl these would 
require in excess of 9 bar pump pressure. 

Figure 12: 	Pressure required to generate a flow of 500 litres/mm through 69m of 51 mm hose 
with branches under assessment 
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7.17 	 This shows branches 45, 47, 48, 49, 50, 52, 53, 55, 64, 65, 66, 67, 68, 69 all achived rhe 
required flowrate of 500lpm at pump pressures pressures ranging from 5.0 to 9.0 bar. 
The remaining branches would be able la achieve a flowrale of 500lpm bUl lhese 
wou ld require in excess of 9 bar pump pressure. 
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Figure 13 Pressure required to generate a flow of 500 litres/mm through 69m of 70 mm hose 
with branches under assessment 

1"1 

/'. ~t.. ..... . ~~ 
1/ 

-I .... 	

I 

, , , ~ 

60010.0 

500
8.0 

I- 400 
-.:
~ 6.0 E 

g 
~ QII- 300::l 1ii 

~ '" ~ '"~ 4.0 
0Q. u::- 200 

2.0 
- 100 

0.0 0 
454647484950515253 5455 56 57 585960 6162 63 6465 6667 68 69 

Branch Number 

- Pump Pressure - Branch Pressure _ Branch Pass Pressure -+- Flowrate 

718 	 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 fJ owrate of 500lpm at pump pressures pressures ranging 
from 4.0 to 8.5 bar. The remaining branches would be able to achieve a fJowrare of 
50alpm but these would require in excess of 9 bar pump pressure . 
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8.0 Discussion of results 


ResultsFom 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 no t how ever accoll nt for branches which 

are designed [0 operate at 6 o r 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 nO[ subject to fuJi testing 

as they were no t deemed appropriate for com partment firefighting. Of those assessed 1 

was deemed to no t meet the minimum criteria. The reasons for tbis assessm ent are 

given below and in Ta ble I: 

• 	 The Akron Marauder produced a spray pattern that had gaps in it at all tested 

pressures Ca ' fingered' appearance) . The panel concluded that this may nO[ provide 

sufficient pro tectio n fo r the firefighter against the effects of radiated heat. Further 

quantitative measurements may be needed [0 confirm this conclusi ve ly. 

• 	 Branches 60, 61, 62 & 63 were no t considered by the panel [0 be appropriate fo r 

compartment firefighting. These branches w ere either not designed to p roduce a 

controllable pulse spray or their desig n did not facilitate the techniq ues 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. Powe~et NPJ7 	 Not tested - Not 

appropriate/designed fO( 

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 pane l's minimum criteria at pressures 

ranging between 2 to 7 bars . The flowrates for these branches ranged between 150 and 
702 Ipm. This range of flow rates would have a significant effect on the size of fire 
which cou ld be tackled using direct and indirect forms of attack . It shou ld be noted 
however that at low pressures kinking of the hose line is likely to occur. This may have 
a significa nt effect upon the water supply and pressure available at the firefigh ting 
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 51nun hose the performance standard of a mlnimum 
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 fo r 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 propo rtional to the diamete r of hose (d) to the fifth power38. There are 
however, conSiderable logistical and pbysiological issues associated with fi re fighting 
with this larger hose due to its weight and lack of flexibility questioning its use as a 
viable hose choice for sea rch 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 
add itio nal 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 ro atta in 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 

swtic head as the elevatio n 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 supp lied and adjusts itself to deliver this volume as effectively as 
possible at constant pressure). These branches are designed to operate upwa rds 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 weU as those with operating 
pressures similar to the pressure regulatio n on tbe riser outlet may not be appropri ate 
to use in high-rise firefighting with existing operating procedures. 
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8.9 	 At 4 bar pump pressure when using rhe 45mm diameter hose o nly branch num ber 53 
atta ined a pressure equal o r greater than the pass pressure defined by the profess ional 
panel. When the pum p pressure waS increased to 5 ba r, branches num bers 46, 47 , 48, 
53, 57, 58 and 68 attained the corresponding pass pressure . 

8.10 	 When using 51 mm diameter hose at 4 ba r pump pressure bra nches numbers 48,53,57, 
58 and 68 attained a pressure equal or greater than the pass pressure defined by the 
profess iona l panel. When the pump pressu re was increased to 5 bar branches nu mbers 
45 , 46, 47, 48, 49, 53, 55, 57, 58, 67 and 68 atta ined the corresponding pass pressure. 

8. 11 At 4 bar pump pressu re and using the 70mm diameter hose all branches attained a 
pressu re equal or greate r than the pass pressure defined by the professional pane l 
except nu mbers 50, 51, 54, 56, 59, 64, 65 and 69 

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

8. 13 The pressure ava ilable a t the riser outlet in a d ry rising main is largely determined by 
the pe rformance of the fire appliance pump supplying the main . In the UK there is no 
standard pressure fo r chargi ng a rising main. Whilst fire appliance and hose lines have 
nominal and maximu m working pressures of 1039 and 15'0 ba r respectively, charging 
pressures used rypicall y range fro m 7 to 10 bars. As the change over to a wet rising 
main lS at 60m th e pressure available for fire fi ghting at higher eleva tions will vary 
Significantly due to static head loss. Pressu re loss throug h static head at 60m equates 
to approxlmately 6 ba rs (Equation 1 beneath41). 

Height in metres 60 
P loss bars ~ 	 ~ 6 bar loss 

10 10 

Equation 1: Estimate of static loss at 60m elevation 

8.14 	 Therefore before allowing fo r other losses. an in put pressure of 10 ba rs would leave , in 
the worst case, 4 bars pressure at the else r outle t. This pressu re equates to the lower 
pressure requirement for wet rising malns, the results of which have been p resented 
above. Whilst 7 ba rs input pressure would leave 1 bar at the riser outle t which would 
be inadequate fo r a ny form of fire fighting attack. 

8. 15 At lower elevations in a building the hyd ra ulic 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 
f"lref"lghting tactics with either 45mm or 70mm hose. For the same fi refighting 
branch, where 45nun hose is used, this elevation will be Significantly less than that 
where 70mm hose is used. The limits for compa nme nt firefighting with 51mm hose will 
lie between the two other hose sizes. As d iscussed in 6.13 and 6. 14 this hose however 
offe rs the benefits of im proved manua l handli ng over 70mm hose and increased 
hydraulic performance Over 450101 hose. 
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8. 16 The above facto rs will result in a range of perfo rmance envelopes where for a specific 
branch, dependent upon the size , length of hose line and the flow rate the pressure 
ava ilable at the ris ing main outlet may nO( be sufficient to suppo rt compartment 
flfefighting tactics. This has implications for the procedures and cho ice of equipme nt 
used to fight a fire in a tall building. 

8.17 To achieve the riser flowrate o f 500 litres/min , w hen using 69m of 45mm hose, required 
in excess o f the current pressure regula ted limi ts fo r a wet riser (4 ro 5 bars) . For the 
branches under evaluatio n a minimum of 6 .7 bars was required befo re any of the 
branches under eva luation atta ined the flowrate. Ten branches were unable to attain the 
flo wrate within the test limit of 9 bars maximum. 

8. 18 When using 69m of 5] mm hose at 5 bars pressure only 3 branches achieved the rise r 
flowrate of 500 litres/ min, whilst 6 branches did not attain this flowrate even at the test 
limit o f 9 bars press ure . 

8.19 When using 69m of 70mm hose at 4 bars running pressure, 6 branches were able to 
atta in the flowrate. At 5 bars , a furthe r 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 , wi th 2 branches no t attaining the fl ow rate within 
the test limit of 9 ba r 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 fl owrates specified fo r wet risi ng mains with the 
branches assessed indicating that the performance criteria specified is not empirically 
based and sho uld 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 significa Ol variation in the pressure above which the subjective perfo rmance of 
firefighting branches is considered adeq uate to undertake the techniques taught for 
compa rtment firefighting. An opera ting pressure of 4 bars at the branch would be 
needed for the majo rity of the branches assessed. 

9.3 	 The pressure drop across 69m of 45rrun hose is so s ignificantly large, that at low 
pressures, the majority of the branches assessed were not able to achieve the 
performance requ irement to adeq uately undertake techniques that are ta ught for 
compartment firefighting. 

9.4 	 When firefighting in tall bUildings filled with dty ris ing mains. with some firefighting 
branches there will be an eleva tion 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 perfo rmance of the firefighting branch used. AccouOl 
also needs to be ta ken of kin king in the hose line at low pressures and the effect this 
has upon the pressure and flow available at the firefighting branch. For the sa me 
firefighting branch, where 45mm hose is used , this elevation will be significaOlly less 
than that where 70mm hose is used. If 51mm hose was used a firefighting attack could 
be mounted at higher elevations than cou ld be achieved with 45mm hose currently 
used by mOSt fire and rescue services. 

9.5 	 When firefighting in tall buildings fill ed with wet rising mains. the pressure at the riser 
outlet is regulated between 4 and 5 bars. Dependant upo n the size of the hose and the 
spec ific performance of the firefighting branch there may be insufficieOl pressure 
available a t the firefighting branch to undertake techniques that are taught for 
compartment firefighting. Again this s ituation will be exacerbated where smaller 
diameter hose is used for the allack line. 

9.6 	 The re appears to be limited correla tion between the ru nni ng pressure and fl owrates 
specified fo r wet ris ing ma ins indicating that the performance cri teria specified is not 
empirically based and should be rev iewed. 

9.7 	 The equ ipmeOl specified in the high-rise generic risk assessment produced by HM Fire 
Service Inspectorate does not align to building des ign configurations a llowable under 
the building regulations, o r for the use of safety teams covering the main fire attack 
team. This assessment requires reviewing in light of the resul ts of this work and fu ture 
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, the re would be a range of different performance e nvelopes 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 o nly be undertaken within the bUilding, often at considerable heights 
above the fire service access level. The facilities installed in these bUildings wiU 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 inCide nts 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 ma y fail. Changes have also occurred in 
firefighting tactics , which have resuli ed in the performance standards for building 
systems prOVided to assist firefighting not aligning to the firefighting tactics adopted in 
wll buildings. 

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

• 	 The type and limitatio n 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 fire fighters both in normal circumstances and also 
more extreme events where fixed installations such as risers or firefighting lifts have 
failed. 
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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 [ J. 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. 

lOA 	 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 undenaken 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 A 1: 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 4751pm 

51 Leader Group TFT Midmatlc 

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 500lpm 

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 Unilire 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. Hyperiog 700 

70 TA Incentive Group Fogfighter 
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APPENDIX 8 

Results of Branch Performance Trials 
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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 firefighring mainly 
stems from Post War Building studies undertaken by the Joint Committee of the 
Building Research Board of the Depanment of Scientific & Industri al Resea rch and of 
the Fire Officers' Committee. This was one of a series of committees to "inuestigate and 
report on the major problems which were likely to affect peacetime building'H. 

The scope of the studies were to set out the underlying principles of fire grading 
through "Inuestlgation and aSSIgning ofsuitable fire precautions ofany kind to attain 
an adequate standard of safely, 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 offire resistance of the stmcture in relation 
to its fire load the less would be the time auailahle to prevent a serious fire from 
spreading from the compartment in which it started to other parts of the bUilding. " '5 

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

Thirdly, as floor areas increased, again tbe difficu lty in tackling tbe fire increased and 
the pOlemial size of fire also increased. 

To overcome tbe delays associated w ith running hose out to the fire scene, 
recomme ndatio ns were made for the provision of internal mains with hydrants and 
rising majns. 

"11 follows that all reasonable precautions should he taken to enahle the fire service to 
expedite the extinguishing operatiOns. In tbis connection tbe incorporation ofmains 
fitted with hydrants in tbe bUilding reduces the necessity for laying out lines ofbase up 
staircases or over long distances a cumbersome and slow process and tbus permits water 
to be applied more quickly to the seat offire. " 46 
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Internal mains with hydrants were recommended in three circumstances (paraphrase)". 

1. 	 Within buildings or divisions exceeding 10,000 sqft and where any pa/1 of the }Ioor 
was more than 100ftfmm the street .., 

2. 	 In the case of buildings exceeding 100}i in height. 

3. 	Abnormal occupancies where time delays in attacking thefire 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 W' jetfram 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 ofBasic Data for the Design ofBuildings. 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 MaisonettesS!, 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 2%" 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 Regula tio ns is achieved thro ugh The Technical Standards". 
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 criterio n for restricting the distance of the floor from the riser 
outlet:)) 

"escape stairs must be provided with jirejightingjacilities 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 isfU11herjrom a jirflfighting outlet than 1 storey heigh t, 
and 

ii. 	60 m measured along an unobstructed routefor fire hose. " 

The provisions deemed to satisfy the Technica l Standards in respect of fire mains state 56 
that the requirements will be mer where: 

a . the wet fire main is in acc01'dance with BS 5306: Pa.t11 : 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: Pan 1: 1976 (1988); and where there are: 


a. 	 landing valvesjor dryjire mains, they conform to BS 5041: Pa.t1 2: 1987; and 

b. 	 inlet breechingsfor dryjire mains, they conform to BS 5041. Pan 3. 1975 (1987); 
and.. 
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British Standards 

PD7974-5 (Sub-system 5), Application ofFire Safety Engineering 
Principles to the Design ofBuildings - 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 llm adjacent to any escape stair. In buildings with 
a storey height of 18 m or more the main is within a firefighting shaft". 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 ofpractice for jirejigbting stairs 
and lijis which is discussed later. 

BS 5588: Part 5 Code ofpractice 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 lifts5B 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 buildings6'. 

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 I8m 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 noor. Also no part of a noor 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 stairway<54 

Where wet risers are provided, the standard specifies that each pump should be 
capable of providing a now of water of at least 25 litres/s (J 500 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 SUppOlt practical trials 
outlined earlier in the repolt. 
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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 serv ice access and 
facilities, which ca ll up similar requirements on the provision and standards of ris ing 
mains, namely: 

• 	 BS 5588: PART 1: OWELLl NGS66, 

• 	 BS 5588: PART 6 PLACES OF ASSEMBLy6" 

• 	 BS 5588 PART la: SHOPPING COMPLEXES68, 

• 	 BS 5588: PART 11 SHOPS, OFFICES, INOUSTRJAL, STORAGE & OTHER SIMILAR 
BUILDl NGS69 

BS 9999- Clause 8: 2001 Access andfacilitiesfor firefighting 

BS 9999 is intended to replace a number of Parts of the BS5588 series. The draft unde r 
developme nt also contains recommendatio n in clause 8 fo r the provision and standards 
fo r ris ing mains'o The provisions and standards for rising mains fo llow those detailed in 
PO 7974-5 (Sub-syste m 5) which was reviewed above 
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