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Management Summary 

Firefighting, search and rescue in under-ventilated compartments involves additional risks due 

to the possibility o f rapid fire development as firefigh ters enter rhe compartment. This rapid 

fire development may come in the form of a hackdraught, Aashover or reiared phenomena. 

The aim of the projen was (0 review the relationsh ip between operationa.! firefighting 

practices and procedures and fire safety provisions within under-ventilated companments, in 

order that guidance can be provided on these issues. 

n,e project included a literature review of previous research, guidance and building 

regulations, an analysis of FORI sta tistics ancl a review of reportecl fire incidents involving 

backdraught. lnitially it was intended to include compu ter modelling and experimental work 

on backdraught but these plans were abandoned when it was realised that a project in this 

area ca lled 'FlRENET' [Ref 18] was already underway, led by Kingston Universi ty 

This projeCt was part of the work programme o f the Building Disaster Assessment Group 

(BDAG). The group was established (0 consider rhe issues, for fire authorities and their fire 

brigades in the UK, that have been highlighted by the World Trade Centre incident of 11th 

September 2001. 

The review found thar although a number of research projects had been carried out on 

backdraught in recent years but there was still SOme way (0 go before we have a sufficient 

understanding of backdraught and the fac(Ors that affect its likelihood of occurrence and 

severity. 

The fires at Blaina and Bristol in 1996 resulting in firefighter fatalities brought the issue of 

backdraught to the fore in the UK. FolJowing these events, revised gUidance was issued to 

hdgades in Fire Service Manual Volume 2 [Ref 11 with speCific reference (0 backdraught and 

flashover. Also, firefighter trai ning has been extended in recent years to cover rapid fire 

development, backdraught and flashover and the use of real fire Simulators. 

n'e design of buildings for fire safety, including features such as compartment sizes, smoke 

ventilation , smoke detection systems and sprinkler systems, will affect the likelihood of 

occurrence and sevedty of a backdraught. Venting of basements is a problem clue to the lack 

o f natu ral openings and a particular concern is the guidance on [h is in the UK Building 

Regulations [Ref 24] that allows some spaces in basements (0 be vented indi rectly by 

firefighters open ing connecting doors. 

Modern building practices such as the installation of well -sealed windows and doors and 

highly insulated walJs may increase the likelihood and severity of a backdraught occurring in 

the event of a fire. However, it has not yet been determined what effect these fac tors have on 

a fire and on the likelihood and severity of a backdraught. 
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Firefighting in under-ventilated compartments: literature review 

Recommendations 

Guidance in the Building RegulatiOns IRef 24J on venting of basements sho uld be reviewed 

as it allows some spaces in basements to be vented indirectl y by firefighters o pening 

connecting doors. This action is likely co be a panicularly serious hazard to firefighters, 

leaving them vulnerable to a backdraught should one occur, with no easy exi t. 

Building Regulations Approved Document B Sect ion 19.8 IRef 24J speC ifies a vent area fo r 

natUl'al smoke outlets o f 'nOl less than 1/40th of th e floor area ' for basements, fo r use by 

firefighters o n arrival. However, tbe use of natural vents at ground level creates uncertainty in 

operational fi re-fighting as to what sho uld be opened to avoid adverse wind-pressure effeers. 

Further research, by experiment, modelling o r otherwise, may be worthwhile to investigate 

the effectiveness of nar.ural VentS further. Alternatively, it could be decided that only powered 

exhaust should be allowed at ground level. 

It wou ld be wonhwhile inves tigating by experiment and modelling whether the amOunt of 

background vemilation and insulation in modern buildings has a signifi cant effect on the 

development o f condi tions which may cause a backdraught. 

The review of smoke ventilation of basements carried out by Morgan IRef 44J ('ecommends 

for the safe ty o f occupants and firefighters that basements be protected by smoke and heat 

exhaust ventilation systems, smoke shafts , pressurisation or depressurisat ion systems and by 

sprinkler systems, the system se lec ted depending on the basement geometry. 

Further research to obtain a better understandin g o f the physical processes involved in 

backdraught would be worth while. The FlRENET project described in SectiOn 5.4 is an 

example of work already unde(way in this area. Once a better understanding of backdraughl. 

has been obtained , it will be possible to evaluate alternative firefighting tactics for use at 

inCidents where a potential fo r backdraught is diagnosed. 

Before implementing any changes to building designs or firefighting practices to reduce the 

risks o f backdraught, the effect on other possible means o f rapid fire development such as 

flashover or gas explosions would need to be conSidered. 
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1 	Introduction 

Firefighting, search and rescue in under-ventilated compartments involves additional risks due 

to the possibility of rapid fire development as firefighters enter the compartment. This rapid 

fire development may come in the form of a backdraught, flashover or related phenomena. 

This project seeks to review the relationship between operational firefighting practices and 

procedures and fire safety provisions within under-ventilated compartments, in order that 

gu idance can be provided on these issues. 

The initial idea was to carry Out the following work: 

(i) 	 a literature review of previous research, guidance and building regulations, 

( ii) 	 an analysis o f FDR 1 statistics, 

(iii) 	a review of reported fire incidents involving backdraught and 

(iv) 	 computer modelling and experimental work to provide more information on which 

guidance cou Id be based. 

However, after starting the project it was discovered that a project called 'FlRENET' was 

already underway, led by Kingston University, to carry out experimental and modelling work 

in this area. It was decided therefore to limit the ODPM project to items ( i), (ii) and (iii) 

This project is part of the work programme of the Building Disas ter Assessment Group 

(BDAG). The group was established to conSider the issues, for fire authorities and their fire 

brigades in the UK, that have been highlighted by the World Trade Centre incident o f 11 th 

September 2001. The terms of reference of BDAG were: 

'To consider the potential implicat ions, for the UK fire service, of terrorist activities within the 

built environment, taking into account fire authOri ties responsibilities for ensuring the 

provision of appropriate fire precauti ons for buildings in use and safe operating procedu res 

that reflect bUilding deSign.' 

The project brief was initially expressed as: 

f\ review of the relationship hetween operational jirejighling practices/ procedures and 
fire safety provisions within unjenestrated compartments. ' 

The initial project rationale and brief stated that : 

'This study was felt to be appropriate since the present fire safety arrangements within 

unfenestrated compartments may present a significant hazard to firefighters resulting from 

backdraughl. This may arise due to an absence, or failure of ventilation arrangements, or in 
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the case of nrefighring facilili es wilhin basements, lhe absence o r subseque nt loss of 

appropriale replacement air provision. 


Laler, lhe brief was eXlended la include fire fighling in under-ventilated comparrme nts, as il is 

a lack of ventila lion lhal is lhe key faclor in ca using condilions which may lead LO a 

backdraughl. 
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2 The Problem 

The possibility of backdraught presents a hazard (0 fire fighters when entering buildings or 

companments within buildings. A backdraught is defined in the Fire Service Manual Volu me 2 

IRe[ 1 J as follows 

'Limited ventilation can lead to a fire in a compartment produc ing fire gases containing 

significant proportions of partial combustion products and unburnt pyrolys is products. If 
these accumulate then the admissio n of air when an opening is made to the compartment 

can lead to a sudden deflagralion. This deflagrat iOn moving through the compartment and 

o ut of the opening is a backdraught. ' 

Backdraught can occur when the ventilation to an under-ventilated companment is increased, 

for instance by open ing a door or window, which may occur when or after firefighters enter 

the building. Basements may be a particular problem due to lack of windows and natural 

ventilation. Compartments above ground may be a problem where there is a lack o f windows 

for security or where all windows are closed and remain in place during a fire. 

Other forms o f rap id fire development that may occur on firefighter entry are Aashover and 

fire gas explosions. These may be an equally serious risk and will also be considered in thi s 

repo rt. A flashover is defined in the Fire Service Man ual Volume 2 [Ref. 1J as follows: 

'In a compartment fire there can come a stage where the total thermal rad iation from the 

fire plume, ho t gases and hot compartment boundaries causes the generation of 

flamm able prod ucts of pyrolisis from all exposed combust ible surfaces within the 

companment. Given a source o f ignition, this will result in the sudden and sustained 

transition o f a growing fire to a fully developed fire. This is called f1ashover.' 

A description of a fire gas explosion, where different from a backdraught, is given by Karlsson 

and Bengtss on in Section 5.2 o f this repo n . 

A better understanding o f under-ventilated fires and backdraughts and the circumstances 

under which they occur is needed to allow: 

• 	 better guidance and training to be given to the fire service 

• 	 development of more effective firefigilting tactics to detect and deal with potent ial 

backdraught conditions 

• 	 consideration to be given to revisio n of the building codes for new buildings to reduce 

the chance of backdraugilts occurring and the severity of backdraughts if they do occu r. 

Such revision may include for instance the requirement for the provisio n of fire 

suppression or appropriate emergency ventilation in the event of a fire. 
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3 Rapid Fire Development 

Firefighter casualties sometimes occur because a fire spreads more rapidly than expened. 

This is particularl y the case when the rapid fire development comes in the form of a 

backdraught, Aashover or fire gas explosion. Measures such as guidance, training and tanies 

for firefighters , supported by guidance for building designers and enforCing authorities can 

help to redu ce the hazards from all types of rapid fire development. Specific measures 

include: 

• 	 Reducing the fire load of the bUilding contents 

• 	 [nstallation of smoke deteclOrs and sprinklers 

• 	 Improving firefighter training and awareness of the different hazards 

Anions 10 control ventil ation of the fire, either by firefighters or by occupants, can have 

positive and negative effects: 

• 	 Reducing the ventilation to the fire will reduce the chance of fire spreading but increase 

the chance of backdraught.. Reduction in ventilation may be achieved for example by: 

o automatic shutdown of ai r-condit ioning systems in response to a fire, 

o 	house occupants closing doors on leaving, 

o 	firefighters closing doors as a firefighting tactic 10 contain the fire 

• 	 Conversely, increasing the venrjlation, e.g. when firefighters open cloo rs and create 

ven tS to clear smoke, may increase the chance of fire spread and Aashover bu t reduce 

the chance of backclraught. 
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4 	Previous research on backdraught 
and related issues 

4.1 	 Basement Fires 

A topic of concern of relevance to the backdraught issue is the ventilation of basement fires. 

Basements are a particular concern to firefighters, as they typically have no natural ventilation 

and may require firefighters to descend through the hm gas layer from above to reach the 

fire . Knock-out pavement lights are a common feature of the design of basements and are 

intended to allow the fire service to ventilate the hasement in the event of a fire. However, 

there is no specific requirement mentioned in the design gUidance ( that suPpOrts the 

Building Regulations in England & Wales or the technical Standards in Scmland) for the need 

for dedicated inlets fo r fresh air to replace the smoke be ing removed. Doubts had been 

expressed about the effecti veness of thi s type of smoke ventilatio n, which might depend for 

instance on the nature and size of the fire, the loca tion and layout of the affected 

compartments, the external wind direction and the external wind press ures. In addition, 

cot ical factOrs to ensure the safety of the personnel involved wil l be the abili ry to ascertain the 

temperatures Within the fire compartment before commit ting personnel to brea king the 

pavement light and expOsing themselves to the hm gases; and the ability to loca te the 

appropriate pavement light and determine its relationship to crews that may be committed 

within the building. 

One study was carried out for the Depa rtment o f the Environment (DOE) by the Fire 

Research Station and reported by Ghosh [Ref. 2] . Scale model fire tests were ca[lied out. It 

was concluded that for a vit iated fire, breaking a pavement light may not produce a significant 

improvement. Also, as the fire is viTiated, the possibili ty of a hackdraught cannot be ruled OUT. 

Better resul ts were ob tained wi th rapidly burning fires or where powered ventilation was used 

at the broken pavement light . As identified above, the direction and strength of the external 

wind and the 'over pressures' created can have a significant impact on the results achieved, 

and whils t in theory only a downwind pavement light should be opened, this may be difficult 

if not impossible to identify on the fire ground. 

Ano ther study on basement fi res was carried Out by the Fire Experimenta l Un it and reported 

by Rimen [Ref. 3) in wh ich full-scale fire tests were carried out . It was concluded that the 

rem oval o f the pavement light could have a significant beneficial effect in improving the 

fi refighting enviro nment, particu larl y when forced ventilat ion is being used. 

As a result of these twO studies the Ho me Office recommended in 1996 that ' the existing 

provisions for basement ventilatio n should remain within the revised Approved Documents as 

an interim measure' and that 'detailed consideration of the needs of the fire service, in 

respect of basement ventilat ion , sho uld form part of the review of "Assumed Fire Service 

Intervention" contained in the Approved Documents, associated Bri tish Standards and other 

gu ides' [Ref. 4). This review by ODPM is planned to take place in 2004. 
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4.2 Chitty: A Survey of 8ackdraught 

In 1994, Chitty of the Fire Research Station [Ref. 5] carried out a survey o f backdraught for 

the Home Office. This study was the result of a requ est by the Joint Committee on Fire 

Brigade Operations to look at the ways in which fire losses could be reduced in large fires. 

The stud y found that: 

• 	 There was a need to clarify the terminology. The terms backdraught and flashover 


referred to different events ancl should be used consiSlently. 


• 	 Only one group was identified which was active in research on backdraught. This was 

Fleischman n et al at the University of California (Berkeiey) [Ref 6]. This study included 

experimental work with a half-sca le domestic room , salt water modelling and numerical 

modelling. The work identified the phenomena involved in backdraught. such as the 

gravity current providing fresh air to the compartment.. Resu lts indicated thar unburned 

fu el mass fractions greater than 15% are necessary for a backdraught to occur and that 

lhe backdraught severity strongly depends on the delay lime to ignirio n and gas species 

concencralions. 

• 	 There is a known set of conditions that may lead to backdraught, which firefigh ters 

should be able to identify. 

• 	 There was no practical training given to firefighters regarding backdraught in the UK, 

although training was provided for Swedish firefighters. 

• 	 There was a clear need within the Fire Service for a sound education on all aspects of 

fire science, development of fire in well and under-ventilated conditio ns and the 

phenomena of backdraught and flashover. 

A lack of communication was identified between fire scientists and firefighters. To bridge the 

gap, Volume 2 of the Fire Service Manual [Ref. 1] was publi shed which attempts to address 

what firefighters need to know about fires and ventilatio n. This was followed by production o f 

a series of video training films produced by the Fire Experimenta l Unit, part of the Fire 

Research and Development Group (FROG) of the Home Office. 

4.3 Fire Experimenta[ Unit (FEU): 8ackdraught Simulator 

A backdraught simulatOr was developed at the FEU. The purpose of this was to provide 

material for the training videos and to enable further research on the phenomenon, described 

by Foster and Robens [Ref. 7J. The main lesson for the fire service, which has been 

demonstrated from the investigations, is the severity and unprediClability of a backdraught. 

The test condilions in the compartment were Closely controlled and bave shown rhe varying 

severity tbat can be achieved with different delays, compartment temperatures and venting 

conditions. 
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Previous research on backdraught and related issues 

4.4 	ODPM Fire Statistics and Research Division: 
Positive Pressure Ventilation (PPV) and 8ackdraught 

A nme was produced by FRO [Ref 81 ro summarise the research carried Out by or on behalf 

of FRO on PPV and backdraught. It was nmed that current guidance ro the fire service covers 

backd raughts and ventilation including PPV and has taken account o f the research completed . 

It was thought unlikely that PPV could be used to prevent a backdraught coming out o f an 

opened door due to the high over-pressure associated with backdraught. One possible tactic 

to prevent backdraught thought worth investigating was to clear the Aammable gases by 

letting air in through a closed door in a controlled manner. This could be done by creating 

small Vents at high level and low level fo r outlet and inlet. 

4.5 Mowrer: Enclosure Smoke Filling Calculations 

This paper by Mowrer IRef. 9J COntains info rmat ion of interest to those attempting to model 

fires in under-ventilated compartments and the conditions leading up ro a possible 

backdraught. The paper revisits the smoke fi lling ca lculations developed by Zukowski which 

have been used for 20 years and are included in the zone model ASET [Ref. 10/ . The 

equations are expanded to add ress the issues of global temperature rise in the compartment 

and oxygen depletion in closed-room fires. Fo r oxygen depletion, equations are given to 

relate both the total hea t release of the fi re at ext inction and the globaltemperarure increa<;e 

at extinction ro the limiting oxygen concentration for extinction. The paper quotes that flame 

extinction occurs at a limiting oxygen concentration of approximately 13% by weight. 

An example is given where the predicted temperature rise is below ' the temperature rise of 

approximately 580K commonly associated With flashover conditions '. This suggests ' the 

difficulty of attaining flashover conditions in a poorly ventilated , fully enclosed compartment '. 

On the other hand, ' this calculated global temperature rise might be suffiCient to cause 

fracture and collapse of ordinary plate glass windows if present, providing new pa thways fo r 

the introduction of oxygen to the enclosure and escalation of the fire intensity' . 
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5 	Recent and Current Research 

5.1 	 Gottuk, Peatross, Farley and Williams: The development 
and mitigation of backdraft: a real-scale shipboard study 

Gottuk er al. (Ref 11J describe rhe resu lrs of a real-scale experimental resr series to study rhe 

development and mitigarion of backdraughrs. Experiments were carried out on an ex-US Navy 

ship. The study showed rha r rhe key paramerer fo r backdraughr development is rhe fu el mass 

fraction in rhe viriared compartmenr prior ro venting. Using diesel fu el fo r rhe fire, ir was 

found rhat a fuel mass fracrion of ar leasr 0. 16 was required for a backdrau ghr to occur. 

The backdraughr occurred in a room ad jacent to rhe fire rOom. They looked at [he effecr of 

varying rhe size and ventilarion condirions in rhe adjacent room . The room size was more 

Significant, w irh rhe smaller room sizes being associared wirh more intense backdraughrs. 

Shur ring off rhe ventilarion in rhe adjacen r room did nor mirigare rh e backdraughr and so ir 

was rhoughr more beneficial ro maintain ventilation rhrough rhe space ro reduce 

remperatures and improve renabil iry. 

The injection o f warer spray into rhe fire compartment was shown to be an effecrive 

mirigaring rac rie rh ar was ab le ro complerely su ppress backdraughrs mainly by diluting rhe 

armosphere and reducing rhe fu el mass fraction rarher rhan by cooling. 

5.2 Karlsson and Bengtsson: Fire Service Perspective 

This paper [Ref. 12J re pons on a projecr commissioned by rhe Narional Swedish Rescue 

Services Board ro look into rhe subjecr of f1ashover and relared ph enomena. Karlsson (Lunci 

Universiry, Sweden) and Bengrsson , (Helsingborg Fire Department, Sweden) describe rhe 

processes involved in flash over and relared phenomena, experimental and modelling work 

carried our , how modelling can be used to enhance undersranding of rhe processes involved 

and rhe new rerminology used in rraining programs for firefighrers in Sweden. Kadsson is also 

invo lved in rhe FJRENET projecr (see Section 5.3) as a sub-con rracror ro Ice land Fire 

Aurhori ry. 

Three rerms were rhoughr sufficient to describe a sudden change in development of a 

building fire: flash over, backdraughr and smoke gas explosion. The use of other rerms mighr 

be confusing or misleading. Where rhe smoke gases are rransported ro compartments 

ad jacent ro rhe fire compartment and mix wirh fresh air, rhey may form a flammable mixrure. 

If a source of ignirion is avai lable, such as when rhe fire burns rhrough from rhe firsr 

comranment, a smoke gas explosion will occur. This occu rren ce is described in rhe Fire 

Service Manual Volume 2 [Ref 13J bur no name is given to it. 

Borh 1/3 scale experimenrs using heprane and merhane fuels and fu ll-sca le experiments in an 

apartment building were carried our. In rh e apanment experiments, rhe inirial fi re, lining 
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materia ls and ventilatio n openings were varied. Pressure differences and temperatures were 

measured and a water-cooled video ca mera was placed in the fi l-e compartment. Doors and 

windows were o pened and d osed to produce f1 ashover, vit iat ion and backdraught. 

The CFD model SOFIE [Ref. 14J was used to simulate some o f the experiments. It was found 

that ca lculated temperatures and species concentratio ns compared well with the experimental 

data. However, the paper states that in order to full y simulate the f1 ashover process, the 

combustion models in SOFlE must be developed further. 

The paper recommends that further work, bo th experim ental and modelling, is ca rried out in 

order to enhance the understanding o f under-ventilated fires. 

5.3 Loftier: Simulation of Ventilation Controlled Room Fires 

This paper 115J describes the use o f a field model ca lled KOBRA-3D to model ventilation 

controlled room fires . A combus tion factor is used to modify the free burn heat release rate 

depending on the oxygen concentratio n present. Comparisons made with experimental data 

o f room fire tests were encouraging. However, it was found that the results were very 

sensiti ve to the critical oxygen mass fractio n, i.e. the minimum fracti on of oxygen necessary 

for combustion to continue, which must be provided as input data. 

5.4 Gojkovic and Bengtsson: Firefighting tactics in a 
backdraught situation 

This paper [Ref 16] describes a study where CFD ca lculations are used to gain an 

understanding of the effectiveness o f different firefighting tactics in backdraught situations in 

an apartment. 

The CFD model used was SOFlE. Since pre-mixed burning could not be modelled, the 

Simulations focussed on the gravity current o f fresh air entering the compartment and the 

mixing of cold fresh air and hot smoky gases. A flammable region could then be predicted 

near the interface between the hot and cold gases where the gas mixture is within the 

flammability limits. The CFD calcu lations were used to predict the potential for occurrence of 

a backdraught when different tactics are used. 

In the modelled scenarios, it is assumed that burning has been underway for a lo ng tim e. 

Therefore the temperature in the three- room apartment has increased to 600K (327'C) , the 

flaming fire has died o ut and the hot gases have pyrolysed the hot combus tible material so 

that the combustible gas concentration has reached 30%. 

The scenarios modelled were, 

• 	 BA learn enter Ibe aparlmenllo carry out a rescue. The model predicted o nly a few 


seconds are needed for a gravity current to produce a flam mable region large enough 
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ro create a hazard. Within this time, the BA team would have ro cool the hm gases with 

water spray ro reduce the risk o f ignition. Closing the door after entry to reduce the 

volume of air entering did nm appear to help. 

• 	 Natural ventilation . It. was assumed thac no people were left inside. As well as t.h e 

door, a second vent was crea ted by opening a window in anmher room o f the 

apartment with the purpose of clearing the air and allOWing the origin of the fire to be 

found. This outlet vent wou ld be protected with water to prevent backdraught here. 

The model showed that the apartment was mo re quickly vented with the two open ings 

but rap id flam e spread may still occur. 

• 	 Positive Pressure Ventilalion (PPV). The model Simula ted the effect o f a fan pos itioned 

in the open doorway, aga in with a window open in ano ther room to take the outflow. 

Using the PPV seemed to increase the mixing and also the possibility of backdraught. 

However, the increased mixing did no t last lo ng and the apartment soon emptied o f 

smoky gases. 

• 	 incorrect usage o/PPV. In this case a blockage of the fl ow thro ugh the apartment is 

assumed to occur e.g. due ro a door clos ing in the apartment. In this case the risk of a 

backdraught was highly increased. 

The use of a 'cuning extinguisher ' as another tactic against backdraugh t was discussed 

although this was nm modelled. During the cutting phase, an abraSive is added to the water 

flow making it possible to cu t through construction materials. The cutting extinguisher can be 

used to cut through an apartment cfoor and cool the gases inside without creating an opening 

for fresh air to enter. Due to the smaU droplet size, approximately 0.1 mm, the cooling is 

mainly to the gas ['ather than to the fu el surfaces, Care needs ro be taken to prevent the spray 

being directed towards people left inside the apartment, usually located near floor level. 

Alternative nozzles are under developmenr to modify the spray angle. This equipment has 

been recemly developed in Sweden , al though only a few fire and rescue services in Sweden 

possess it at present. 

Gojkov iC and Bengtsson concluded that the cutting extinguisher has a great potential for use 

in backdraught situations although further development is necessary. The chOice of tactics 

used wi ll depend on whether there are people left in the building, the risks firefighters are 

willing ro take and what resources in terms o f personnel and equipment are available. 

ThiS work is based on one speCific set o f circumstances as a starting pOint: a three room 

apartment where the gases have reached a set tempera ture. It would be interesting to see 

how much the resul ts vat)' when parameters such as room geometry and temperature are 

varied. 

A project to 'Evaluate High Pressure Fog' is due to be carried o ut by the Fire Statist icS and 

Research Division, ODPM, later in 2004. 
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5.5 Knutsen and Chapman: Development of a Re-Entry 
Evaluation Detector 

Knutsen and Chapman of Qinetiq Lld [Ref. 17], describe the development of a ' re-entry 

evaluation detector' for use on ships to eva luate whether a compartment is safe to enter. In 

the event of a fire on a ship the affected compartment may be sealed, leading to eventual 

extinguishment by oxygen starvation. The detector is then used to determine when it is safe 

to re-enter the compartment without danger of re-ignition . The detector is portable, 

contained in a brief-case sized box and includes five chemical sensors and a sampling probe 

fitted with a thermocouple which can sam ple the fire atmosphere remotel y. The probe is 

inserted through speciall y drilled holes, 1;' inch in diameter, in the compartment walls. An 

algorithm is used to determine whether the compartment is safe to enter based a 

combination of the sampled conditions and an LED indicator lights up accordingly. 

This device or someth ing similar might be of use to til e fire service attending a fire where 

there are signs of an oxygen-starved fire and a pOtent ial backdraugl1l to help them decide 

whether to open a compartment. However, the practicability for fire service use would need 

to be considered. Also , conSiderat ion would need to be given to whether a reli able judgement 

could be made about the condi tions in the compartment from a small number of sampling 

points o r whether the variation in conditions in the compartment would be toO great. 

5.6 FIRENET: Under-ventilated compartment fires 

This project began in)une 2002 and runs for 4 years and is fund ed by the Human Potential 

Programme of EC Framework 5. The main goal is 'to advance o ur understanding and 

predictive capability o f under-ventilated fires' [Ret. 18) . BOth experimental and numerical 

methods are to be used. Research will address backdraught, ghosting flames and flashover. 

The project is undertaken by a consortium o f eight partner organisations plus one sub­

COntraCtor and is co-ordinated by Kingston University. 

The planned research includes: 

• 	 Provide detailed experimental measuremems on local flame characteristics 

• 	 Provide detailed analysis of new and exist ing experimental data 

• 	 Develop solid combustion models for realistiC fuels in under-vemilated conditions 

• 	 Develop Large Eddy Simulation (LES) and Computationa l Fluid Dynamics (CFD) 


techniques for prediction of under-vemilated fires 


• 	 Further our understanding o f the behaviour of glazing when subject to under-ventilated 


fires 
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• 	 Provide recommendatio ns o n the mitigation o f hazards due to under-ventilated fires 

and underpin development o f perfo rmance-based European regulations. 

5.7 Building Research Establishment: The Potential for 
including Fire Chemistry and Toxicity in Fire Safety 
Engineering 

Most fire tests o f materials have until now been carried Out under ' free burn' conditions, i.e. 

wi th sufficient ventilat. io n. In this project, sponsored by the Build ing Regulations Division, 

ODPM [Ref 191, a small-scale test method is being developed in which materials can be 

exposed to a range of fire conditio ns including different fuel/air rat.ios. The aim o f the project 

is t.o provide the abilit.y to calculate toxic prod uCt. smoke yields. Alt.hough backd raught. is nOt 

speCificall y being addressed , the met.hod will allow info l·mat.ion to be obt.a ined on burning 

behaviour in under-venrllat.ed condit.ions. This information w iJl help in Other effo rts t.o model 

vitiated fires which are t.he precursor o f a backdraught.. 

5.8 Weng and Fan: Reduced-scale experimental study 

Weng and Fan [Ref. 20] describe recent experimental work carried Out at the UniverSity of 

Science and Technology o f China. They used a com parrmenr representing a '/4-scale 

residential room (1.2 m x 0.6 m x 0.6 m) and found that 'the key parameter determining the 

occurrence o f backdraft is the mass fract.io n o f unburned fuel' . They es timated t.hat. t.h e critical 

va lue of t.h e mass fraction of unburned fuel for backdraught. t.o take place was 9.8%. This 

compares to a va lue of 15% reported by Fleischmann. 
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6 Guidance for firefighters 

ThiS section describes the various guidance issued for the fire service about backdraugh t and 

related issues. 

6.1 	 HSE Improvement Notice to South Wales Fire Authority, 
July 1996 

Following a fire at Blaina in february 1996 (see Section 9.1.3) at which twO firefighters lost 

their Jives, the Health and Safety Executive issued an improvement notice dated 29 July 1996 

to the South Wales 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'. The improvement measures 

required included: identifying any deficiencies in the [('aining program in comparison with 

nationa l gUidance, revising the training program accordingly and developing a system of 

monitoring and review o f the trai ning. 

6.2 	Fire Service Manual Volume 2: 'Fire Service operations ­
compartment fires and tactical ventilation' 

This document [Ref. 1] supersedes the earlier document 'Manual of Firemanshi p, 

A Supplement: The Behaviour of Fi ..es - Compartment fires' [Ref. 211 · 

The document gives a definition of backdraught (quoted in Section 2 of this ..eview) , how it 

occurs and describes possihle scenarios and indicators. The recommended actions for 

firefigh ters are listed as: 

• check for signs and symptoms of backdraugh t before opening door 

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

• spray the gases building up outside the doo.. before open ing 

• consider option to ventilate compartment thoroughly before entering. 

6.3 	FEU training videos 

Three videos were produced by the Fire Experimental Unit (FEU) to coincide with publica(ion 

of the Fire Service Manual Volume 2 [Ref 1), entitled: 

• Fire Growth and FJashover (DCOL 9/1997 refers) 
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• Backdraught (DeOl 9/1997 refers) 

• 	 Tactical Ventilation of Fires (DeOl 9/1997 refers) 

A founh video was produced to support DeOl 14/1999 sec tion B on tactical use of PPV 

entitled: 

• 	 Positive Pressure Ventilation (DeOl 14/1999 refers) 

6.4 Home Office -	 Dear Chief Officer letter (DCOl) 11/1999 
Practical Training for Compartment Fires 

This DeOl gives guidance fo r hrigades that may be considering the use of companment fire 

training facilities using real fire to provide practica l fire behaviour and firefighting training. 

A se! o f training aims are stated which include the fo llowing on the subject o f backdraugh t: 

• 	 Describe the characteristics and effects o f Aashover and backdraught conditions 

• 	 Recognise the signs and symptoms indica ting the potential for a flashover o r 


backdraugh t to occur 


• 	 Implement measures to minimise the occurrence of a flash over or backdraught 

• 	 Take the actions necessary to prevent a backdraught from occurring by adopting 


appropriate methods of ventilacion and fire suppression. 


The DeOl emphasises the need fo r caution when using training facilities that invo lve the 

production of rea l o r simulated backdraughts. 

6.5 Home Office -	 Dear Chief Officer letter (DCOl) 14/1999 
Positive Pressure Ventilation - an implementation strategy 

ThiS document provides an overview of the subject o f Positive Pressure Ventilation (PPY) and 

its po tential contribution to future firefigluillg within the UK. The document states that the 

Generic Risk Assessment GRA 3.6 on fighting fires using PPV is to be revised to take into 

account this work . 

On the bas is of discuss ions with a broad selection o f UK firefighters, one of the concerns 

noted about the use of tac tical ventilation was that it would increase the potential fo r 

backdraught and Aashover. 

22 



Guidance for firefighters 

6.6 Report of Her Majesty's Chief Inspector of Fire Services for 
England and Wales 1998/99 

ThiS repon [Ref. 22] refers ro rraining issues relared ro backdraughr (see Secl ion 7.1). 

6.7 Fire Service manual. Volume 4. Fire Service Training: 
guidance and compliance; framework for compartment fire 
behaviour training 

This document includes the following references to backdraught: 

'2. 1.3 Developments in the construction industry and in the materials used for internal 

fixtures and fillings have increased the possibilil Yof fiashover and backdraught in fires within 

companments. Recen l experience of these phenomena emphasises the importance of 

operational personnel being able 10 perfo rm their role safely and effectively. In particu lar, it is 

essential rhar personnel receive train ing 10 ensure rhar rhey are comperent to: 

• 	 Undersland Ihe burning charac lerisrics, development and behaviour of compartment 

fires. 

• 	 Recognise and assess rhe risks involved when dealing wirh compartment fires. 

• 	 Prevent fiashover and hackdraughr or mirigare rheir effecrs where possible. 

• 	 Implement control measures ro protecr rhemselves from rhe effecrs of fire. 

• 	 Recognise rhe operaring limirarions of firefighrers' Personal Protecrive EqUipment (PPE) 

and fire fighring and ancillary eqUipment.' 

6.8 Health and Safety Fire Service Guide. Volume 3: A Guide to 
Operational Risk Assessment, The Stationery Office (TSO), 
Crown copyright 1998 

This document con rains a ser of 32 generic risk assessments. Those relevant ro backdraught 

and under-ventilated fires are described below. 

6.9 GRA 3.1 Fighting Fires in Buildings 

This document examines the hazards, risks and controls that are common to firefighting in al l 
bUildings. A btief ment ion is made of flashover and backdraught. 
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6.10 GRA 3.6 Fighting Fires -	 Using Positive Pressure 
Ventilation 

ThiS document exami nes the hazards, risks and controls that relate to the use of Positive 

Pressure Ventilation (PPV) during operational incidents. The document states that the beneAts 

o f using PPV far ourweigh the disadvantages but that there are a number of hazards and risks 

associated with its use, including uncontrolled spread of fi re. 

In the section 'Command and Control ', i t is stated tha t ' the Incident commander should 

recognise those si tuations when PPV should not be used, for example where there is a 

potential for backd raught '. 'A Are that has produced po tential backdraught conditions shou ld 

discourage the use o f PPV '. 

6.11 	 GRA 5.8 Flashover and Backdraught 

This document exam ines the hazard s, risks and controls that relate to Aas hovers and 

backdraugh ts. 

Specific measures to take on opening up a compartment containing an oxygen-starved fire for 

the purpose of ext inguishment are listed as: 

• 	 If a compartment muSt be entered personnel must be properly protected, brea thing 

apparatus anci charged hose will be used . 

• 	 Personnel opening up mUSt stay low and to the side of the door. 

• 	 Escape routes must be secured and protected . 

• 	 Cool the outer compartment with a spray jet and ventilate the o uter compartment. 

• 	 An escape route for the gases muSt be planned before opening up. 

• 	 The door must only be opened slightly and a spray jet operated th rough the gap and 

aimed upwards. 

• 	 As much of the compartment as possible must be cooled . 

• 	 Personnel must only enter the compartment i f i t is absolutely necessary. 

• 	 I f i t is not necessary to enter the compartment immediately, ventilate from outside. 

• 	 Tactical ventilation prior to opening up. 
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• 	 Once a comparcmem comaining an oxygen starved fire has been opened up and fresh 

air has been allowed in, there is Iiule which can be done ro prevent a backdraught 

happening 

• 	 Al l personnel receive information, instruction and training in hazards assOCiated with 

backdraugh ts and flashover. 

Training measures are listecl as: 

• 	 The training of fi refighters in Bligades should include realistic training in a live fi re 

environment where the effects of heat and smoke can be experienced, vemilation 

practised and backd raughts and flashovers witnessed under controlled conditions. 

• 	 Firefighters mUSt be aware of the effects of heat stress which can occur during 


prolonged fi refighting activit ies due ro the insulation effects of PPE. 


• 	 RedUCing the oxygen supply to a fire. 

• 	 Possible backdraught scenalios. 

• 	 Signs and symproms of a backdraught. 

• 	 The actions to be taken by firefigh ters. 

• 	 All personnel wear full protective clo thing, including gloves and firehoods - (Home 

Office specifica tion A.28) to ensure that no unprotected skin is exposed to the fire 

environment. 

• 	 All personnel are under full supervision. 

6.12 Grimwood: Discussion of Guidance in Fire Service Manual 
Volume 2 

Gri mwood [Ref. 23] d iscusses the current guiciance in the Fire Service Manual Volume 2 and 

liSLS some addi tional signs and symptoms of backdraught not mem ioned in the manual, such 

as 'rolling' black smoke, 'rattling' winciows ancl blue flames. 
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7 Training for Firefighters 

7.1 HM Chief Inspector's Report 

The Report of Her i\laleSIV Inspector of Fire Services England and Wales 1998/99 

[Ref. 221 describes the tralinic", available in brigades for flashovcr and backdraught; 

'There is an important point I v,ouki like to make in relation to the TRAlNING OF 

FIREFIGHTERS. Developments in the construction industry and in the material used for 
internal fixtures and fittings have increased the possibility of rlashover or backdraught in 

within compartments. The sometimes cragic consequences for firefighters exposed to 

phenomena have been brought home lO us onlv tOO dramaticallv during reeem years 

and have prompted vigorous imerest in finding beuer wavs to prepare firefighters [or the 

hazards thev face. Much of this work has involved the introduction by brigades of 

compartment fire training faCilIties that can replicate the eondirlOns firefighters might 

encounter. The training facilities, (JP""""" using either wood or liquid pcrroleum gas as a 

fuel, ran be used to teach fireAghrers w recognise the signs and symptoms of a pending 
hackdraught or fJashover Jnd learn how (0 protect themselves and control Ft re safely.' 

'It is generally accepted thar [his kind of rraining is vital to [he education and training of 

today's firelighters. But, it is essential thar rhe prepararions brigades make (0 provide the 
training and rhe manoer in which it is delivered, are carefullv planned and not a knee-jerk 

reaction that perpewares an macho image nf t.he service, mUSt 

balance risk with due regard for tbe and understanding the operational 

requirement, relevant guidance, expertise and the determination and 
fulfilmenr of sensible and meaningful t,aining objecrives.' 

7.2 Training at the Fire Service College 

Fire behaviour training at the Fire Service is now carried Out On following courses: 

.. Fire Behaviour Training instructor Course week SpeCialist Instructor Course) 

to Tactical Ventilation Instrueror Course (J week SpeCialist Insr(ucro( Course) 

.. Crew "'""",15'-' ,vlanaging Incidents and 

.. Rerai.ned Junior Officer BA Course. 

Fire behaViour training includes rhe phenomena of hackdraught and flashover and the signs 

and symptoms that they may be about to occur A crew arriving at an inCldenr should 
therefore be aware of the dangers of backdraught and rlashover. 

In addition to the courses proVIded by the Fire Service College, some bngades in the CK 
provide rheir own behaviour training. 
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8 	Building Codes: how the building 
codes affect the problem 

Building work is subject to the building regulations in place at the time. The fo llowing section 

refers to the latest editions of the appmved documents to the Bui lding Regulations. 

8.1 	 Building Regulations for England and Wales - Approved 
Document B (Fire Safety) 

Appmved Document B o f the Building Regulati ons [Ref. 24 J provides guidance to meel the 

requirements on fire safety. The guidance covers design features such as compart ment sizes, 

smoke ventilation, smoke detection systems and sprinkler systems to achieve compliance with 

the requirements o f the regu lations. All of these design fea tures wi ll affect the fire sa fety of 

the building and [he likelihood and severit y of any backdraught that may occur. 

8.2 Building Regulations for England and Wales -	 B1 Means of 
Warning and Escape 

Section B1 of Appmved Document B covers the requirement fo r means o f warning and 

escape. The pmvision o f an escape route, such as a protected stai rway, wiJ l also provide 

access for fire fighters. In the case of a fire in a basement, if the smoke layer has not yet 

descended to the fl oor, a protected stai rway may allow the firefighters to gain access to the 

basement floor without having to descend through the smoke layer. 

A5 mentioned in Section 2 of this review, basements may be particularly prone to 

backdraughts as a lack of windows and nawral ventilation may pmduce an under·venti lated 

fire. The following ex tracts from Section B1 therefore concentrate on the provision o f a 

protected stairway fmm hasements in various building types. 

For dwelling houses, guidance on providing an adequate escape route from basements is 

given in Section 2.10, 

'2.10 Because of the risk tha t a single sta irway may be blocked by smoke from a fire in the 

basement or ground storey, if the basement storey contai ns any habitable room, either 

provide, 

a. 	an external doo r or window su itable fo r egress fro m the ba,emenr. (see paragraph 2.11); 


or 


b. 	 a protected stairway lead ing from the basemen t to a fin al exit. ' 

For flats and maisonettes, basements are covered by Section 3.8, whi ch states that the 

gUidance in Section 2.10 also applies. 
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For other building types, Section 5 on vertica l escape applies. Section 5.5 states r.hat. Single 

escape stairs are acceptable from a basement, if it requires only a single escape ro ute for 

horizontal evacuati on, defined by Sectio n 4.5 b: 

'A sto rey (except used for in-patient care in a hospital) with an occupant capac ity of nor 

more than 60 people, where the limits on travci in one direction o nly are sati sfied (see 

Table 3) ' 

Table 3 of the approved document permits a single escape stair where the horizontal travci 

distance is up to 9 m, 18 m or 25 m depending on the use of the premises. 

Section 5.22 o nwards gives guidance on protectio n o f escape stairs: 

'Protection of escape stairs 

General 

5.22 Escape Stairs need to have a satisfactory standard of fire proteC tiOn if they are to fulfil 

their ro le as areas o f relative safety during a fire evacua tio n. The gUidance in paragraphs 

5.23 to paragraph 5.31 should be fo llowed [() achieve this. 

Enclosure of escape stairs 

5.23 Every internal escape stair should be a prmectec1 stairway (ie it should be within a 

fire·res isting eoclosure) . 

However an unprotected stair (eg an accom modatio n stair) may fo rm part of an internal 

rOute to a storey exit or final clOt, provided that the distaoce o f travel and the number o f 

people involved are very limited . For example, small premises described in clause 10 o f 

BS 5588: Pan 11: 1997 Fire precautions in the design, construction and use of bUildings, 
Code ofpractice for shops, Offices, industrial, storage and other similar buildings and 

raised storage areas. 

There may be additional measures if the protected Stairway is also a pro tected shaft (where 

it penetrates one or mo re compartment floors, see Section 9) or if it is a firefighting shaft 

(see Sec tio n 18).' 

Thus, every internal escape stair sho uld be prorecced within a fire-resisting enclosure unless 

the distance of travel and rhe number o f people involved are very limir.ed as for example in 

small premises described in BS 5588: Pan 11 . 
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8.3 Building Regulations for England and Wales -	 B3 Internal 
Fire Spread (Structure) 

Requirement B3 (3) deals with companmemation o f a building lO inhibit fire spread: 

'(3) To inhibit the spread o f fire within the building, it shall he sub-divided with fire­


resisting construction lO an extent appropriate lO the size and intended use of the 


building.' 


Guidance on maximum dimensions of compartments for different build ing purpose groups is 

given in Table 12 of Approved Document B. For office buildings there are no limits to 

compartment dimensions. For multi-storey shops, the maximum floor area is 2,000 m' (or 

4,000 m' with sprinklers). Although basements are not specified in the table, the same limits 

can be applied as for any Other floor o f a multi-slOrey bui lding. 

Additionally, paragraphs 9.20 (c) and (d) of Approved Document B specifies compartment 

floors (i.e. fire separating) for the floor of the ground storey if the building has one or more 

basements and compartment floors for every basement storey if the building has a basement 

of more than 10 metres below ground level. 

8.4 Building Regulations for England and Wales -	 B5 Access 
and faciliti~s for the fire service 

This subject is also covered by BS 9999 as described in Secti on 9 o f thiS review. 

Access and facilities for the fire service are dealt w ith in Requirement B5 which states: 

'B5.-(1) The building shall be deSigned and constructed so as lO provide reasonable 


faCilities lO assist fire fighters in the prOtection of life. 


(2) Reasonable proviSion shall be made within the site of the bu ilding lO enable fire 


appliances lO gain access lO the building.' 


One of the requirements of B5 is: 

' (d) the building is provided with adequate means for venting heat and smoke from a fire 


in a basement.' 


And by way of explanation: 

B5.ii: '(e) Products of combustion from basement fires tend to escape via stairways, 


making access difficult for fire service personnel. The problem can be redu ced by 


providing vents. Venting can improve visibility and redu ce temperatures, making search, 


rescue and fire-fighting less difficult.' 
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Section 19 'Venr.ing of hea t and smoke from basements' of Approved Documenr. B then deals 

with how this requiremenr. can be met by the provision of smoke outlets such as pavement 

lights. Research on the effectiveness o f pavemenr. lights in the event of basement fires is 

described in Section 4.1 o f this review where one project concluded that removal o f 

pavement lights could have a significant beneficial effect in improving the firefighting 

environment. 

Approved Document B goes on to say uncle r 19.3 ofBS that: 

'It is therefore acceptable to vent Ibasement] spaces on the perimeter ancl allow other 

spaces to be vented indirectly by firefighters opening connecting doors.' 

However, a building employing this indirect venting may present a significant hazard to 

firefighters and expose them to a possible backdraught while they are inside the basement as 

they open internal doo rs in search o f the fire or occupants. This is particularly true as the 

firefighters will not have a precise knowledge of such issues as the wind direction and the 

resulting 'over pressures ' on all the faces of the building, the location of the fire, and the 

potential interaction between these fa ctors. 

Furthermore, as the operation of pavement lights is unco ntrolled their operation also 

potentially places firefighters operating the vents in the path o f unpredictable fire 

development. 

This c10es not apply to separate compartments in a basement as Section 19,3 goes on to state: 

'However if a basement is companmented ILe. with fire resis tant barriers] , each 

compartment should have direct access to venting, without having to open doors etc into 

another compartment. ' 

Sec tion 19.4 specifies exceptions where no smoke o utlet is required : 

'19,4 Smoke o utlets, connected directly to the open air, sho uld be provided from every 

basement storey, except for: 

a) a basement in a single famil y dweJlinghouse o f Purpose Group 1(b) or ICc); or 

b) any basement storey that has: 

i. a floor area of not more than 200 m', and 

ii . a fl oor not more than 3 m below the adjacent ground level. ' 
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Fo r the natu ral smoke outlets, the Building Regulations Approved Document B requirements 

include: 

'19.7 Smoke outlets should be sited at high level, either in the ceiling or in the wall of the 

space they serve. They should be evenly distributed around the perimeter ro discharge in 

the open air outside the building. 

19.8 The combined clear cross-sectional area o f all smoke outiets should nOt be less than 


1I40th o f the floor area o f the stOrey they serve: 


If the firefight ers decide to open the smoke outlets to clear the basemelll, the requirement 

for siting at high le vel will allow hm buoyant smoke and gas to be ejected hut fresh air may 

still be drawn in at the same opening, caUSing a backdraught. 

No evidence can be found to support the criteri on that the vent area should be 'nm less than 

1I40th of the floor area'. However, the same fi gure is used in BS 5588 (see Section 9.1) 

Research may be wonhwhile to determine (i) whether thiS area allows for effective clearance 

of smoke and (ii) whether there is a range of vent areas which allow for effective clearance of 

smoke and at the same time minimise the likelihood and sevetity of backdraught caused by 

opening the vent. 

Section 19.13 states that 'a system of mechanical extraction may be provided as an alternati ve 

to natural venting to remove smoke and heat from basements, provided that the basement 

storey(s) are fiued with a sprinkler system .' Under Section 19.14 ' [the air extraction system J 

should come into operation autOmatically on operation o f the sprinkler system ; alternatively 

activation may be by an automatic fire detection system '. 

There is therefo re no requirement for a mechanical smoke extraction system for the 

basement of any bUil ding, however big the floor area. If smoke extraction and sprinkler 

systems are fi lted in basements this would clearly reduce lhe likelihood and severity of any 

backdraught and would therefore reduce the hazards for a[[end ing firefighters. 

In conclUSion, considerati on should be given to revi sing Section 19 of Approved Document B 

aod this should be considered in the review of the 'Assumed Fire Se rvice Intervention' 

planned for 2004. 

For comparison, the equivalent regulations for Scmland are quoled in Section 8.8 o f this review 

8.5 Building Regulations for England and Wales -	 Basement 
car parks 

Guidance on basemem ca r parks is given in Section 12 of Approved Document B which 

relates to requirement B3 'Internal Fire Spread (structure),. Either openings or smoke vents 

totalling 1/40th of the floor area should be provided (SectiOn 12.6) or a mechanical ventilation 

system should be provided, designed to operate at 10 air changes per hour (Sec tion 12.7). 
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8.6 Building Regulations for England and Wales -	 Approved 
Document F (Ventilation) 

The amOunt of ventilation provided in a building to contro l the daily environment wil l affect 

the conditions in the event of a fire and the possible developmcnt o f backdraught conditions. 

Approved Document F of the Building Regulations [Ref. 25J provides guidance to meet thc 

requirements on means of ventilation and condensation in roofs. For ventilation the 

requirement is: 

'Fl. There shall be adequate means of ventilation pmvided for people in the building. ' 

Means of ventilation are divided into rapid ventilation (e.g. opening windows), background 

ventilation (e.g. trickle ventilators or air bricks) and extract ventilation (e.g. mechanical). For 

inStance, for a habitable room in a domestiC building the guidance speCifies rapid ventilation 

of 1/20th of the floor area and background ventilation of 8,000 mm'. In the event of a fire in 

such a room , if doors and windows to the fire room are closed, no rapid ventilation is 

provided. The only ventilatio n to the fire is then background ventilacion and also any 

ventilation provided by leakage at door and window cracks. Furthermore, the specification of 

a fixed area vent of 4,000 mm' for background ventilation was introduced in 1990 and 

increased to 8,000 mm' in 1995. Before 1990 no fixed area was specified but only the 

installation of trickle ven tilation in doors opening to the externa l air. 

Older properties tended to have suffiCient venti lation from leakage at windows and doors, 

chimney stacks and air-bricks. However, newer properties built before 1990 may nm be 

deSigned with background ventilat.ion but may be well-sealed due to installation of double­

glaZing, and consequently have very little ventilation. In office buildings, un-openable glazing 

is often installed and this tends to provide a good seal and therefore little leakage. 

Consequently, these well-sealed buildings, o ften provided with high levels of insu lation and 

air-tightness for energy efficiency (see Section 8.7), are likely to increase the backdraught 

hazard. It would be worthwhile investigating by modelling or experiment whether the amount 

background ventilation and insulation in modern buildings has a significant effect on the 

development of conditions which may cause a backdraught. 

8.7 Building Regulations for England and Wales -	 Approved 
Document L (Energy Efficiency) 

To meet the Building Regu lat iOns requirements for energy effiCiency, modern bui ldings tend 

to be provided with high levels of insulation and air-tightness. Bmh of these features can 

affect the behaviour of a fire, caUSing higher fire temperatures and under-ventilated fires 

respectively. In turn, these will affecl the likelihood and severity of a hackdraught. 

The air-tightness regu lations were introduced in 2002 while the insulation standards for 

energy efficiency were introduced in the mid-70s in response to the oil crisis. Both 

regulations on ly app ly to buildings constructed after those dates. 
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The Building Regulations Schedu le 1 Pan L1 states the requirements for conservation of fuel 

and power in dwellings. More specifica lly, Pan LJ Ca) states the requirement for limiting heat 

loss: 

'Ll. Reasonable provL~ion shall be made for the conservation of fuel and power in 

dwellings by -

Ca) 	 limiting the heat loss: 

(i) 	 through the fabric of the building; 

(ii) 	 from hot water pipes and hot air ducts used for space heating; 

(iii) 	from hot water vessels;' 

Approved Document L1 of the Building Regulations IRef. 26J gives gUidance on ways of 

meeting the requirement. Section 0.1 of this document states that : 

' requirement LJ (a) will be met by the provision o f energy efficiency measures which : 

a) 	 limit the heat loss through the roof, wa ll , Aoor, windows and doors etc by suitable 

means o f insulat ion, and where appropriate permit the benefits o f solar heat gains and 

more e fficient heating systems to be taken intO account ; and 

b) 	 limit unnecessary ventilation heat loss by providing building fabric which is reasonahly 

airtight; and ... ' 

The guidance specifies thermal performance levels o f different building elements (walls, 

Aoors, roofs and windows) defined hy U-values. The U-value o r thermal transmittance is a 

measure of how much heat will pass through one square metre o f a struct ure when the air 

temperatures on either side differ by one degree centigrade. Under 'Limiting air leakage' 

(paragraphs 1.33 - 1.35) the gUidance states: 'reasonable provision should be made to reduce 

unwanted air leakage ' and refers to a separate document on this IRef 27), the main principle 

heing ' to provide a continuo us barrier to air movement around the hahitable space. 

Fireplaces will provide some ventilation but may nOt be provided in modern buildings 

depending on the current fashion and are generally not provided in purpose-huilt hlocks of 

Aats. 

To meet the requirement, modern buildings are therefore likely to have Ci) well-insulated 

waJi s, Aoor and roofs wh ich would hold in the heat in the event of a fire, and (ii) ainight 

huilding fabrics which wiJi reduce any natural ventilation in the event of a fire to very low 

levels unless proVided for by background ventilation (see Section 8.6). 
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8.8 Building Standards (Scotland) Regulations 1990 

The Technical Standards for compliance with the Building Standards (Scot land) Regulations 

1990 [Ref. 281 include specifications for smoke ventilation in basements in E10 which are 

similar to the UK (England and Wales) regulations: 

'EI0 Facilities for fire-fighting 

SMOKE VENTILATION OF BASEMENT STOREYS 

EI0.15* Suitable smoke ou tlets , communicating directly with the external air, must be 

provided from every basement storey, and where the basement storey is divided into 

compartments from evelY compartment of the basement storey, 

except ­

a. 	 in a building of purpose sub·groups 1B, lC o r 7e; o r 

b. 	 where the Ooor area of the basement storey is nOt more than 200 m2
; or 

c. 	 where the basemen! storey is at a depth of not mOre than 4.5 m; o r 

d. 	 where a window or windows opening direct to the external air have a total area not 

less than 1% of the floor area; Ol' 

e. 	 where the basement storey or part of the basement storey is used as a strong room ; or 

f. 	 where the basement StOI'ey has an appropriate fire control system and is ventilated by 

a Suitable mechanical smoke and heat extraction system.' 

8.9 Hong Kong Building Regulations 

The Hong Kong Fire Services use the 'Code of Practice for Minimum Fire Service Insta llations 

and Equipment' IRef. 291as the standard for the provision of fire service installations for 

buildings in Hong Kong. 

Fo r basements not exceeding 230 m' of 'usable floor area ', there are requiremencs for 

emergency lighting, exit signs, fire alarm and fire detection systems. For basements exceeding 

230m2 of 'usable floor area' , additional requirements include sprinkler systems and static or 

dynamiC smoke extraction systems. For basements of three or more levels, additional 

requirements include firefigbting and rescue stairways and pressurised staircases. 

These requi rements, part icularly the requirement for sprinklers, lessen the likelihood of a 

backdraught occurring and lessen the likely hazard to firefighters. 
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8.10 Building Code of Australia 

The Building Code of Australia, Part E2 - Smoke Hazard Management [Ref. 30) specifies in the 

'Deemed-to-Satisfy Provisions' fo r basements (mher than ca r parks): 

'(b) where the basement has a tOtal/loorarea o f more than 2,000 m2
, be provided with:­

( i) 	 if no t more than 2 below ground storeys: ­

(A) a zone smoke control system in accordance with AS/NZS 1668,1, if the basement 


has more than one fire compartment, or 


(B) an automatic smoke detection and alarm sys tem complying with SpeciJica tion 


E2.2a, or 


CC) a sprinkler system complying with SpeciJicat ion EL), or 

Cii) 	 If more than 2 below ground storeys, a sprinkler s)'stem complying with Specifica ti on 


EIS ' 


There is some similarity here with Approved Document B [Ref. 24], which in certain instances 

specifies sptinklers for floor areas of more than 2,000 m2 

In Part Dl, 'Provision for Escape', for basements the speciJication is: 

'in addition to any horizontal exit, not less than 2 exits must be provided from any storey 

if egress from that storey involves a ve rtica l rise within the building of more than 1.5 m, 


unless: 


Ci) 	 the(loor area of the storey is not more than 50 m2 and 

Cii) 	 the distance of travel from any pOint on the floor to a single exit is not more than 


20m' 


This compares With the UK regulations where Approved Document B (section 4, table 3) 

permits a single escape sta ir from a basement where the horizonr.al trave l distance is up to 

9 m, 18 m or 25 m depending on the use of the premises. 

35 

http:horizonr.al


9 	British Standards on Fire Safety in 
Buildings 

9.1 	 BS 5588: Fire precautions in the design, construction and 
use of buildings, Part 6: Code of practice for places of 
assembly. 

BS 5588 Part 6 [Ref. 311 covers 'Smoke control for firefighting' in clause 31: 

'31.1 Commentary 

Smoke control is necessary [0 enable the fire service to sustain an attack on a fully 

developed fire. Well distributed natural ventilation openings need to be provided where a 

smoke control system designed using fire engineering principles is nO[ provided. 

This form of ventilation for firefighting is normally provided by openable windows, but in 

auditoria, halls and arenas the enclOSing walls are nO[ normally penetrated. In these areas 

suitable openable vents need to be provided with controls Sited for operation by the fire 
service.' 

Although basements are nO[ mentioned, they would also need to be provided with 'suitable 

openable vents'. 

Clause 31.3, recommends 'well distributed openable vents with a free area of nO[ less than 

2.5% of the floor area'. This equates to 1/40th floor area specified in Approved Document B 

clause 19.8. 

Clause 31.3 also recommends thar 'in the case of basements the vents should be situated at 

high level in well distributed positions along street frontages or adjacent to external walls 

easily accessible to the fire brigade.' 

9.2 BS 9999: Code of practice for fire safety in the design, 
construction and use of buildings 

BS 9999 [Ref. 321 is currently in preparation and is due to be published as a draft for 

development. This standard will eventually replace the relevant parts of BS 5588. In BS 9999, 
clause 8 'Fire service access and facilities', clause 8.10.6 deals with 'Venting of smoke and heat 

from basements'. This section closely follows Approved Document B of the BUilding 

Regulations [Ref. 241. However, where natural smoke venting is used, no minimum vent area 
is specified, whereas the bUilding regulations specify a minimum of 1/40th of the floor area 

(see Section 8.4 of this review). 
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10 	Analysis of UK Fire Statistics from 
FDR1 Forms 

An analysiS of FORI returns is given in Appendix A. This analysis includes all records where a 

backdraught is indicated on the FORI form at '5 .7 Abnormal Rapid Fire Development'. This 

question has 'Yes' and 'No' tick-boxes. Beside the 'yes' box is a blank space to allow a 

description of the type of abnormal development to be entered. The contents of the blank 

box are coded by ODPM as one of: 

• Accelerant, 

• Backdraught, 

• Flashover, 

• other specified or 

• no details speCified. 

As flashover is a term that has been used more generally in the past , it may be that some 

inCidents marked as flash over are more correctly backdraughts. Also, some inCidents 

encountered by firefighters, such as an explosion caused by a gas leak or by the heating of a 

sealed propane container, may be indistinguishable from backdraughts and may be wrongly 

recorded as backdraughts. 

Table Al shows an analysis of FORI data for the 3 years: 1999,2000 and 200] and the 

response to question 'Abnormal rapid fire development". As the table shows, reponed 

backdraughts are a fairl y rare occurrence, with an es timated frequency of little over 50 per 

year for the UK as a whole. AbOUt 50% of these reportS are for fires in dwellings. 

From Table Al it can also be seen that backdraughts are reponed more frequently in dwelling 

fires (453 repons of back draught per million fires) than in fires in o ther buildings (341 

backdraughts per million fires). 

The remaining tabl es in Appendix A refer to an analysis of FORI data Over the period 1994­

2001 inclusive, collec ted by Fire Sta tistics and Socia l Research Section of ODPM . During the 

data entry process carried out by Fire StatistiCS and Research Section , the data is sampled. 

Typically data from I in 5 FORI forms are sampled and entered in the database, but the 

sampling rate depends on the circumstances of the fire. For instance, all fi res involving 

casuajties are included. Each data record includes a weight ing factor that indicates its 

sampling rate. Estimated tOtals of any parameter, such as the number of fires, can be 

determined by multiplying the value fo r each data record by that record's weighting factOr 

before summing for all records. The tables in Appendix A refer to numbers of records 

sampled rather than the total number of fires unless 'weighted total' is specified . 
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Table A2 shows the number of fires where a backdraught was reponed, by type o f property 

This table shows that backdraughts have been reponed in a range of propeny types, some of 

the more common being dwellings, offices. spans facilities, private garages and single shops. 

Significant numbers of backdraughts have also been reponed for car fires. 

Table A3 shows the number of fires and casualties where a backdraught was repon ed, over 

the period 1994-2001 inclusive. For fires, both the number of sampled records and the 

estimated towl is given . For casualties, all data is included in the database so only the toral 

figures are given . The toral number of fires has averaged around 50 per year over the period, 

with wmewhat higher numbers in recent years. The number of casualties has averaged 5.5 

fatal and 28 non-fatal per yea r. The number of casualties per thousand fires where 

backdraught was reponed can be estima ted at 104 fatal and 524 non-fatal. 

One might expect a greater frequency of casualties from fires where backdraught is reponed 

than from other fires in buildings. To determine whether this is the case, the FOR] data from 

the year 2000 was ana lysed (see Table A4). After removing records where info rmation on 

backdraughts and casualties was not ava ilable, an estima ted tOtal of 219,473 FORI records for 

that year were analysed. The table analyses the numbers of fires depending on whether a 

backdraught was reponed or nor and on whether any casualties were reponed or not. The 

table also shows the results of a Ch i-squared test to determine any correlation and its 

signifi cance. This test shows that there is a strong likelihood that there is a relat ionship 

between the twO variables, or in other words, in fires where a backdraught is reponed, there 

is more .likelihood that casualties are reported. However, it cannot be assumed from this that 

one is necessarily the cause of the other. 

Table A5 shows the numbers of casua lties of brigade personnel in fires where backdraught 

was reponed. There were no fatal casualties reponed fo r these fires , bUl there were a total of 

34 non-fatal casualties in 24 fires. Although the casualties are classified by the nature o f the 

injury, it is no t possible to determine the severity from these figures. The twO firefighter 

fatalities which occurred at Blaina in 1996 are not included as this incident was classified on 

the FORI form as a Aashover. Similarly, the firefighter fatality in a supermarket in Bristol in 

1996 is nOt included for the same reason. 
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11 	Fire incidents where a 
backdraught or similar event has 
been reported 

11.1 	 UK 

11.1.1 	Private Cinema Club, London, February, 1994. 

Grimwood [Ref. 331 reportS a backdraught occurring at the fire on 26 February at a Private 

Cinema Club in Londo n where there were several fatalities: 

'The classic "roaring" sounds experienced by firefighrers allempting to reach the upper 


floors by the interior stai l'-shaft demonstrated a backdraft situation where fire gases were 


burning off in the shaft as air rushed in from the access doorway.' 


11.1.2 	Blama, February 1996. 

A fire involving a backdraught or sim ilar event occurred in Blaina, Gwent on 1 February 1996. 

From the FOR! form returned by the brigade [Ref 34], the fire is thought to have started in 

the ground floor kitchen of the two-storey house. Three pum ps and four main jets were used. 

An abnormal fire development was recorded by the brigade and it was estimated that 100% of 

the building was damaged. Two firefighters were killed in their efforts to rescue those inside 

and a five year o ld child died upstairs, trapped by smoke, 

Grimwood [Ref. 23 J writes: 

'The subsequent HSE investigatio n led to the issue o f improvement no ti ces suggesting 


defiCiencies in training and a lack of awareness of fire growth and development amongst 


the firefighters on scene contributed to such a tragic outcome'. 


The HSE notice is described in Section 6,1 o f this review. The sequence o f events reported by 

Grimwood includes: 

05:48 	 Occupier discovered fire in grou nd floor kitchen at the rear of the premises, 

06:00 	 Entire building smoke-logged despite containment in kitchen, 

06:05 	 Kitchen window failed. 

06: 11 	 1st crew of two firefighters weari ng BA enter property at front with hose reel. 

06: 13 	 1st BA crew Out of property with one child found. 
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06:15 Fire breaks th rough kitchen ce iling to first floor. 

0615 Backdraught occurs engulfing entire house in flames on bOlh ground and first 

floors. 

Grimwood descrihes twO possible explanatiOns for the incident: 

(i) 	 the fire in the kitchen was contai ned behind a closed door until it burnt th rough the 

ce ili ng and ignited the combustible gases that had built up on the upper floor and 

(ii) the fi re starred in the kitchen hut the ki tchen door was open and when the front door 

was opened, a gravity current entered, ancl a backclraught occurred with flames 

travelling from the kitchen up the stairs, possibly igniting further fire gases upstairs. 

The first exp lanation is a smoke gas explosion as defined hy KarJsson and Bengtsson 

(Section 5. 1) rather than a backdraught, as ign ition has been delayed hy the lack o f an ignition 

source rather than lack of oxygen. The second explana tion is a true backdraught. 

11.1.3 	Bristol, 1996. 

Grimwood IRef 33], describes the fire in February, 1996: 

'JUSt three days later I than the fi re at Blaina] another firefighter (female) was killed by an 

ensuing backdraught that occurred in a large su per-market in Bristol. ' 

He writes that a heavy black smoke layer was seen which was continually rising and falling. He 

describes how the ignited gases moved across the store bOlh under and within the suspended 

fibre·board ceiling and the accompanying pressure wave which knocked one fi refighter off his 

feet. If this is a case of a genuine backdraught, this shows that backdraughlS can occur in large 

compartments as well as small ones. The es timated area damaged by direct burning was 

indicated on the FORI fot'm as 3,350 m'. 

11.1.4 	Building Research Establishment (BRE), Review of FRS Fire 
Investigation Summaries, 1988 - 2003. 

Under their contract with the ODPM tit led 'Investigations of Real Fires', the Building Research 

Establishment investigate unusual fires, including where the fire spread has been unusual. For 

this review of backdraugh t, BRE were asked to review their fi re investiga tion repons for 

evidence of firefighters being in jured by backdraught-like incidents. A total of 572 fire reports 

were reviewed over the period 1988-2003. Jt should he emphasised that thiS review does nOl 

include all occurrences of backdraughts but only those that occurred in fi res selected for 

investigation. 
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Of the 572 fire repons reviewed, only five were found where possible or probable 

backdraughts were reported . No unusual aspect o f bu ilding design could be identified tha t 

would produce an unexpectet1 backdraught scenario. 

11.2 Abroad 

11.2 .1 NFPA Statistics on Firefighter Fatalities, 2001 

The NFPA collects information on fire fighter casualties in the USA. Fahy fRef. 351 reports a 

total of 99 on-duty firefighter fatalities in 2001 at inCidents other than the World Trade Centre. 

Of these, the cause was reported as 'caught by rapid fire progress or explosions' fo r 16 

firefighters, of which 11 were at struCture fires and 5 were on 'wild land fi res'. However, the 

repo rt does not identify whether any of these incidents involve backdraughl. 

11.2.2 Lenox Avenue, Manhattan, June 1990 

Dunn [Ref. 361 reports an incidence of a backdraught o n the sixth Aoor of a seven stOrey 

tenement in Manhattan. The fire o riginated on the fifth Aoor, invo lving an entire apartment. 

The fi re had burned undetected for several hours and during this time smoke seeped through 

the burned Aoor boards into the apartment directly above. When firefighters entered the 

sixth floor apartment, bringing in fresh air, the apartment exploded. Dunn reports that 'one 

firefighter was burned around the mask face-piece, and the other shaken firefighter was 

rescued from a window. ' Dunn mentions the new double-glazing creating a tightly-sealed 

apartment where the fire originated as a possible factor as it kept the heat , fire and smoke in 

the apartment. Dunn warns that occupancies above and on each side o f the fire must be 

conSidered potential backdraught hazards to firefighters. 

11.2.3 Watts Street, New York, 28 March, 1994 

Bukowski [Ref. 37J reports on a backdraught incident at a three-storey apartment bu ilding in 

Manhattan reSUlting in the deaths of th ree firefighters: 

'When the door to the first Aoor apartment was forced open , a large Aame issued from the 


apartment and up the stairway, engul fing the three firefigh ters at the second Aoor landing. 


The flame persisted fo r at \east 6 /2 minu tes, resulting in their deaths'. 

'

The Fire Department of New York asked the Natio nal Institute o f Standards and Technology 

(NIST) to investigate the incident in the ho pe of finding out why a backdraught of such a 

duratio n occurred. NlST modelled the inCident using the zone model CFAST with which they 

were able to reproduce the observed conditions. They showed how a backdraught o f such a 

long duratio n could have been caused by the accumulation of unburned fu el from a vitiated 

fire in the apartment whicb had been insulated and sealed fo r energy effiCiency. However, 

some effects relat ing to pyro lysis and combustion cannot be modelled w ith CFAST, and 

Bukowski States that 'the quant ity o f unburned fuel could be overpredicted ' and that 'such 
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overprediction wou ld tend ro increase rhe duration o f rhe door flame'. In the simulation, the 

front door was opened abour 20 minutes after the fire had become vitiated, resulting in a 

backdraught wirh temperatu res in the stairway of over 1200°C. 

Another possibili ty is that only an initial part of the 6'/2 minure period was a backdraught and 

that the rest of the period o f the flame was due to burning o f the room contents in a 

flash over. 

11.2.4 Basement Fire in ranch-style home, 5 February 1998. 

Baldwin [Ref. 38 1 describes a fire in a basement of a ' ranch·style home' in February 1998, 

whi ch 'cla imed the lives o f two firefighters, and nearly killed three more'. The location of rhe 

property is unspecified. The fire was discovered in a suspended ceiling in the basement and 

when a firefighter lift.ed a ceiling tile , a backdraught occurred. The situation was made worse 

by the fact that a hose line had earlier become ca ughr in the legs of a metal fo lding chair 

which had collapsed, pinch ing o ff the water supply. Baldwin gives reasons why basement fires 

can present a grea ter hazard to firefighters: fires of greater intensity, lack of natural 

ventilation, presence of sto red inflammable materials which may pose an explosion or toxic 

in halation hazard , presence o f electrical circuit breaker or fuse box and Iimired access to 

fi refighters. 

A further account of rh is fi re is given by the Nario nal Institute for Occupational Sa fety and 

Health [Ref. 39J which also lists recommendarions to prevent future similar incidents. These 

include: first arriving 'engine company' acting as a 'command company' and conducting an 

initial scene su",ey, implementa tion of an incident command system with writren standard 

operating procedures and provision o f a back·up hose crew. 

11.2.5 Tyre Service Centre, 11 February 1998 

Th is fire occurred in a commercial tyre service centre and cla imed the lives o f twO firefighters 

[Ref. 40J. Eight to ten firefigh ters entered the showroom adjoining the se",ice area, ohse"'ing 

onl y a light haze. When they entered the se",ice area, black smoke was encountered covering 

the tOP third of the ceiling space bur wi th no visible fi re. Other firefighters went to the front 

and rear of the building and cur ventilating holes in the roof. They not iced that the w indows 

were dark and smoky (one of the indicators o f a potential backdraught). The report by the 

National Institu te fo r Occupa tional Safe ty and Health sta tes: 

'Within minutes [of enteringJ all fire fighters in the interior of the bu ilding were caught in 

a hazardous backdraft that claimed the lives of two fire fighters, and nearly cla imed aJJ 

those who were inside. NIOSH investigators concl uded that in order to prevent similar 

incidents, inCident command m uSt anticipate all possible circu mstances which may be 

present in anticipation of rare and unexpected developemem s.' 

In describing the backdraught event, the report states: 
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.. without warning, the hOt gases that had accumulated along the 20-foot high ceiling 


ignited, causing a backclraft situat ion. This crea ted a pressure wave, knocking the fire 


figh ters off balance and to the floor.' 


The report suggests that : 

'before the time of ignition, the overhead garage door into the service area was self-


activa ted and raised , allowing additiona l air to fuel the fire.. . the drive chain assembly 


had definitely opened electri ca lly as a result of r.he fire shoning out the low voltage side of 


the switch wires. ' 


The report makes recommendations on venti lation tactics and warns against firefigh ters 

entering buildings during ventilation where there is a po tential for backdraught or f1ashover 

as evidenced by smoke-stained windows and puffing smoke at vents. 

11.2 .6 Cherry Road, Washington D.e., May 1999 

This fire is described in a report by NIST [Re[ 4 11 who canied ou t a simulation of the fire 

using the CFO model 'FDS', developed by NIST. In thiS fi re, two fi refighters were killed by a 

rapid fire development. The fire began in the basement of a townhouse and was largely 

confined behind sliding glass doors although the first (ground) floor contained heavy smoke. 

The occupants were alen ed by their smoke alarm shortly after midnigh t and left the bUilcling, 

leaving the front door and upstairs windows open. When the firefighters arrived they 

descended to the basement and broke open the sl iding glass doors. About two minutes later 

'an intense blas t of heat' was reported by firefighters on the first floor. Two firefighters 

working on the first floor died from injuries caused by the fire and a third firefighter survived 

but sustained substantial burn injuries. Post-fire invest igation showed that the fire started near 

an electrical fixture in the ceiling of the basement. 

The NIST report does nor. refer to this event as a backdraughr but says: 'The FDS calculation 

indica tes that [he opening of the basement sliding glass doors provided outside air (oxygen) 

to a pre·heated, under-ventilated fire compartment, which then developed into a posr­

flash over fire within 60 s. ' They also calculared rhar rh e upper ho t gas layers in the basement 

and on the first floor contained less than 6% oxygen by volume. 

A derailed account of this fire is given by NIOSH [Ref. 421. 

11.2.7 Paris, France, 14 September 2002 

Fi ve firefighters were killed rackling a blaze in a building in PariS . The following is reported on 

the 'Firetactics' web·site IRe[ 43J: 

'Two "explosions" that occurred ten minutes apart in an apartment block in Neuilly-sur­


Seine, Paris on the evening of 14 September 2002, took the lives of five fi refighters. 


InvestigatOrs are now sugges ting that two backdrafts most likely resu ltecl as firefighters 
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arrempred to ga in emry to a "rourine" one room smouldering fire. Ir is rhe biggesr single 

loss in the Pari s fire depanmenr's history, the Associared Press reponed. There are disrin er. 

similari ties with a fire thar rook the lives of three NYe firefighrers in 1994. The first 

explosion injured twO firefighters and three more were hurt in a second blast as they rried 

to reach their colleagues. All five were taken to a nearby hospital where they died from 

their injuries. Loca l gas authorities are stating that the room involved was nOt fed with gas 

and all o ther supplies in the huilding remained unaffected.' 

11.2.8 Sycamore, Illinois, USA, 9 February 2004 

A backdraught, reponed on the 'Firetac tics' web,site [Ref. 43), 'blew apart ' a church in lllinois 

and has been named the largest backdraught ever documemed in the US. The backdraught 

knocked fi at eight firefighters on the scene who thought they were responding to a simple 

rekindle from a fire the day before. Two firefighters were injured including one who nearly 

lost his leg due to a severed anery when he fell from a ladder. The sancr.uary where the 

backdraught occurred was located below the main church area and measured 80 by 150 feet. 

11 .2.9 Pittsburgh, USA, February 2004 

A second backdraught in the same week occurred at a church in Pillsburgh, USA. AS reponed 

on the 'Firetactics ' web·site [Ref.431: 'Five firefighters su ffered burns and broken bones earl y 

in the fire when they broke through an imerior wall , sparking a backdrajtthat blew the 

firefighters Out the front door '. Two firefighters were later killed by a collapse of the Structure 

when they entered the building several hours later. 
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12 	Review of Smoke Ventilation of 
Basements 

In May 2004, the Building Disaster Assessment Group who initiated this review, requested 

Howard Morgan of International Fire Consultants Ltd to cany out a review of smoke 
ventilation in basements [Ref. 44]. The review describes the different methods available for 

ventilating basements in the event of a fire including smoke and heat exhaust ventilation 

systems, pressurisation and depressurisation systems, natural cross-ventilation and smoke 
shafts using wind suction at roof level. The review makes a number of recommendations on 

the appropriateness of different systems for different basement geometries. The conclusions 

and recommendations from the review by Morgan are as follows: 

• 	 Basements have a variety of geometries, requit-ing a variety of smoke control solutions. 

• 	 Large undivided volume basements are best protected by Smoke and Heat Exhaust 


Ventilation Systems (SHEVS) where the ceiling is high enough. 


• 	 SHEVS can be designed to keep a smoke layer above access doors where the ceiling 

height permits. 


• 	 SHEVS can be designed with layer bases below the tOP of doors (as in Section 20 

buildings at present) but only where there is always a closed door between the smoke 


and the stairwell used for access and/or escape. This may not always be feasible. 


• 	 SHEVS solutions will usually require sprinklers to limit fire growth. 

• 	 BRE (Building Research Establishment) 'open-bottomed' smoke shafts can be used, 

with dampers opening from common ducts to reduce the areas needed rising through 


the building, to produce a pressure difference at selected doors. These may he stairwell 


doors, lobby doors, corridor doors, or the fire-room door itself, or even a combination 


of these. 


• 	 Depressurisation as described in BS 5588-4 is the most effective option for protecting 

stairwells accessing basements, even more so than pressurisation described in the same 


standard. It is recommended that the present requirement for pressurising fire-fighting 


shafts deeper than 10 m (see BS 5588-5) be amended to allow and to encourage the 


depressurisation option being adopted. 


• 	 Any smoke control system preventing backdraft risks allowing flashover. Any smoke 

control system preventing flash over risks allOWing backdraft. 


• 	 Sprinklers as pan of the smoke control package should prevent both flashover and 

backdraft. 
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• 	 Sprinklers should be fined in deeper basements. Perhaps the same JO m criterion could 

be used as for pressurising fire-fighting shafts' 

• 	 The use of natural venrs at ground level creates uncerrainty in operarional fire-fighting 

as to what should be opened to avoid adverse wind-pressure effects. 

• 	 It is suggested that on ly powered exhaust should be allowed ar ground level. 

• 	 AJI natural exhaust should be taken to rbe top of the building. 
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13 Conclusions 

Previous and current research. A number of ,-esearch projects have been carried Out o n 

backdraught in recent years and further research is underway. However, there is still some 

way to go before we have a tho rough understanding of backdraught and the factors thar 

effecr its likelihood of occurrence and severity. 

Firefighter gUidance and training. The fires at. Blaina and Bristol in 1996 resulting in 

firefighter fa ta lities brought the issue of backdraught to the fo re in the UK. Following these 

events, revised guidance was issued to brigades in Fire Service Manual Volume 2 [Ref. IJ with 

specific reference to backdraught and flashover. Also, firefigh ter training has been extended in 

recent years to cover rapid fire development, backdraught and flashover and the use of real 

fire simulators. 

Basements. The design of buildings for fire safety, including fea tures such as compartment 

sizes, smoke ventilatiOn, smo ke detection systems and sprinkler systems, will affect the 

likelihood of occurrence and severity o f a backdraught. Venting of basements is a problem 

due to the lack of natural openings and a particular concern is the guidance on this in the UK 

Building Regulations [Ref 24[ that allows some spaces in basements to be vented indirectly by 

firefighters o pening connecting doors. Inswllati on of smoke control and sprinkler systems 

would improve safety for bOth firelighter and occupant [Ref. 44 J. 

Compartments above ground. Compartments above ground may also present a problem 

where there is a lack of windows for security purposes or where all windows are cl osed and 

remain in place during a fire. Information o n the response o f g lazing systems exposed to 

under-ventilated compartment fire condi tio ns would help to show the extent o f this problem 

and work on this issue is planned in the FlRENET proj ect [ReE. 18) . 

Well-sealed buildings. Modern building practiCes such as the insta llation of well-sealed 

windows and doors and highly insulated walls mal' increase the likelihood and se verity of a 

backdraught occurring in the event of a fire. Since 1990 the regulations on ventilation 

[Ref. 25J have specified a level of background ventilati on to control humidity and toxins, and 

this may also have an effect in the event of a fire. However, it has no t ye t been determin ed 

what effect these factors have on a fire and On the likelihood and severity of a backdraught. 

Also , the picture is complica ted by the fact that the regulations do nOt apply retrospectively 

and that different regulatio ns will have applied for buildings o f different ages. For instance, 

buildings put up before 1990 may nOt be designed with background ventilatio n but may be 

fi tted with well-sealed windows and doors. 

Existing bUildings. Review o f the guidance to the Building Regulations would only affect the 

design of new buildings and alterations to existing buildings. Improvement in the safety o f 

firefighters in existing buildings might be achieved by a beller understanding of backdraught, 

allowing develo pment of alternative fireflghting tactics . 
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Fire incidents. This revi ew has described a num ber of fire incidents involving backdraught 

Over recent years. These incidents have occurred in a variety of bu ildings, seve ral in domestic 

premises but also in a supermarket, a tyre service cencre and a cinema club, wh ere the 

companment sizes may be large r. Although [he phenomenon is more widely known and 

understOod in the la,[ few years than previously, backdraughts have continued to take the 

lives of firefighters , mOSt recently in [he Paris incident in 2002 and further firefighter injuries 

occurred in Illino is, USA, in February 2004. 
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14 Recommendations 


14.1 Recommendations from literature review 

• 	 Guidance in the Building Regulations [Rei. 24J on vent ing of basements should be 

reviewed as it allows some spaces in basements to be vented indirectly hy firefighters 

opening connecting doors. This action is likel y {Q be a particularly serious haza rd to 

firefighters, leaving them vulnerable to a backdraught, with no easy exit. 

• 	 Building RegulatiOns Approved Document B Section 19.8 [Ref. 24J specifies a vent area 

for natural smoke outlets of 'nO[ less than 1/40th o f the floor area' for basements, for 

use by firefighters on arrival. This figure does not appear to be based on any 

documented evidence of its effec tiveness. Research, by experiment, modelling o r 

otherwise, may be WOrthwhile therefore to determine: 

o whether this area allows for effective clearance o f smoke and 

o 	whether there is a range o f vent areas whi ch allow fOE effective clearance of smoke 

and at the same time minimise the likelihood and severity of backdraught caused by 

o pening the vent. 

Also, see final three recommendations in Section 14.2. 

• 	 It would be worthwhile inves tigating by experiment and modelling whether the amount 

of background ventilation and insulat io n in modern buildings has a significant effect on 

the development of conditions which may cause a backdraught . This investigatiOn could 

form part of a larger piece of work on modern well-sealed buildings, looking at : 

o 	the hazard from exposure to high levels of toxic gases produced by Vitiated fires, and 

o 	the possible hea lth hazards in the daily environment in the bUilding due to lack of 

ventilation, for instance due to humidity or the build up of toxic gases. 

• 	 Further research {Q obtain a better underst.anding of the physical processes involved in 

backdraught would be worthwhile . The FIRENET project described in Section 5.4 is an 

example of work already underway in this area. Once a beller understanding of 

backdraught has been obtained, it will be possible to evaluate alternative firefighting 

tactics for use at incidents where a potential for backdraught is diagnosed. Such tactics 

include the cutting extinguisher under development in Sweden (see Sec tion 5.2) and 

contro lled venting suggested by FSRD (Sec tion 4.4). 
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• 	 Before implementing any changes to building designs or firefighting practices to redu ce 

the risks of backdraught, the effect on Other poss ible means of rapid fire development 

such as flash over o r gas explosions shou Id be cons idered . 

14.2 Recommendations from 'Smoke Ventilation of Basements' 
revIew 

The fo llowing are key recommendations made by Morgan [Ref. 44 J in his review 'Smoke 

Ventilation of Basements ': 

• 	 Large undivided volume basements are best prOteCtecl by Smoke and Heat Exhaust 

Ventilation Systems (SHEVS) where the ceiling is high enough, but SHEVS solutions will 

usually require sprinklers to limi t fire growth. 

• 	 Depressurisation as described in BS 5588-4 is the most effective option for prOtecting 

stairwells accessing basements, even more so than pressurisation described in the same 

standard . It is recommended that [he present requirem ent for pressurising fire-fighting 

shafts deeper than 10 m (see BS 5588-5) be amended to allow and to encourage the 

clepressu risation option being adopted. 

• 	 Sprinklers should be fitted in deeper basements. Perhaps the same 10 m criterion could 

be used as fo r pressurising fire-fighting shafts' 

• 	 It is suggested that only powered exhaust shou ld be allowed at ground level. 

• 	 All natural exhaust should be taken to the top of the building. 
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Appendix - Analysis of FDR1 data 
Based on Ihe sampled FOR1 records provided by Statistics Group, the following analyses were 

made. In all cases the da ta refers 10 numbers of records ava ilable after sampling rather than 

the toral numbers for all completed FORIs unless 'weighted tOla l' is specified. 

Table Al. Primary fires by location and abnormal development. UK, 1999-2001 

Response to question 'Abnormal rapid fire development?' (') 

Abnormal rapid fire Other Road 
development?' Total Dwellings Buildings Vehicles Other 

1999 Total fires 218.404 72,228 43,685 90,111 12,380 

No 213,166 71,226 42,640 87,180 12,119 

Yes - Accelerant 4,275 682 669 2,740 184 

Yes - Backdraught 59 32 15 12 0 

Yes - Flashover 187 79 82 10 17 

Yes - other specilied 421 131 170 77 43 

Yes ­ no delails specified 296 78 108 93 17 

2000 Total 219.535 70,897 41,747 94,827 12,064 

No 213.937 69,921 40,978 9 1,273 11.764 

Yes - Accelerant 4,567 649 483 3,266 168 

Yes - Backdraught 87 34 15 37 1 

Yes - Flashover 176 79 53 19 25 

Yes - other specified 435 140 158 96 42 

Yes - no details speci fi ed 270 70 49 130 21 

Unspecified 62 4 11 6 42 

2001 Total 228,136 68,976 43,547 t02 ,057 13,556 

No 222,044 68,117 42,780 97.958 13,189 

Yes ­ Accelerant 5,108 562 457 3,880 209 

Yes - Backdraughl 55 30 14 6 5 

Yes - Flashover 101 53 19 13 17 

Yes ­ other specified 436 116 152 105 63 

Yes - no details specified 298 78 105 90 25 

Unspecified 94 21 21 4 48 

1999· 2001 Backdraughts per million fires 302 453 341 192 158 

, The figures above are taken from FDR1 data, weighted to account for sampling used by Fire StatistICS and 
Research Group, e.g, 1 in 5 FDR1 forms are sampled for some cases. The sampled number is then 
multiplied by a weighting to estimate the total figure. 
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Table A2. Number of fires where backdraught was reported by type of property (1994-2001) 

Category Type of Property Total (weighted) 

Dwellings Caravan 1.0 
Dwelling. not fully specified 44.4 
Flat, converSion 8.5 
Flat. purpose built. sheltered 7.2 
Rat. purpose·built 39.5 
House. detached 14.0 
House, semi· detached 64.6 
House, seml·detached (sheltered) 2.0 
House, terraced/end of terrace 85.2 
Mobile home 5.0 

Dwellings Total 271.5 

Other BUilding not specilied 7.2 
Small cra~ (waw) 1.0 

Other Total 8.2 

Other Buildings Agr",ultural buildings 4.3 
Block accommOdation 1.0 
BUilding of worship 3.0 
Casino 1.0 
Derelict building 2.0 
Hotel, boarding house, guest house 3.0 
Industrial premises 7.0 
Offices 10.7 
Other building 10.7 
Other private non-residen tial bUilding 1.0 
Other s~rts facilities 11.8 
Outdoor storage (paper/cardboard) 1.0 
Private garage 17.4 
Private shed or greenhouse 1.0 
Public houses 1.0 
Public lavatories 1.0 
Railway station building (above surtace) 1.0 
Restaurant 3.0 
Schools etc 2.0 
Shopping malllcentreondoor market 5.0 
Single shop 16.7 
Social clubs 1.0 
Sports clubs etc 9.8 
Supermarket 5.0 
Warehouse 7.3 

Other Buildings Total 127.7 

Road Car 160 
Lorry 1.0 

Road Total 17.0 

Grand Total 424.4 

55 



Firefighting in under-ventilated compartments: literature re view 

Table A3. Numbers of fires and casualties where backdraught was reported (1994-2001) 


Fires Casualties (.) 


Year Number of records where Estimated Total Fatal Non-fatal 
backdraught was reported (weighted) 

1994 26 44 5 20 

1995 33 41 4 35 

1996 25 40 5 33 

1997 28 68 6 30 

1998 22 30 6 28 

1999 33 59 8 24 

2000 35 87 35 

2001 24 55 9 17 

Total 226 424 44 222 

. For casualties, all data is included In the database so the total figures are given. 

Table A4. Numbers of Fires where there are Casual!les (Year 2000 only) 

Any casualties? Total 

No Yes 

Backdraught reported? No 207 ,041 12 .345 219.386 

Yes 72 15 87 

Total 207 .11 3 12.360 219,473 ' 

Value Sig2 

Pearson Chi-square 22.073 0.000 

1 This total excludes an estimated 62 cases where the categorisation is not known. 

2 The signi ficance gives the estllnated probability of obtaining a diHerence at least as large as the one 


observed if there was no relationship between the two variables. 

Table AS. Casualties of brigade staH In fires where backdraught was reported (1994-2001) 

There were 24 fires in all where there were both casualties 01 brigade slaH and 
where backdraught was reported. In these fires, the following casua lties were reported. 

Category No. of casualties 

A - Overcome by gas, smoke or toxic fumes, asphyxiation 2 

B - Burns or scalds 18 

C - PhYSical InJun es including cuts, abraSions, bruises, dislocation, sprai ns and fractures 8 

P - Precautionary check-up 6 

Total 34 
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This project was carried out for the Building Disaster 
Assessment Group in the Office of the Deputy Prime Minister. 
This group 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 
11 th September 2001. This report reviews the previous 
literature and research, particularly that related to issues of 
smoke ventilation and backdraught, and contains a number 
of recommendations for enhancing safety. 
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