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Adequate Firefighting 
Water in Building 
Design, Fire Service 
Capability Reviews 
and on the Fire -ground

Å The Excel Water Calculator

The Source Research for BS PD 
7974:5:2014 s8.5
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ÅHow capable are your buildings?
*Compartment size
*Fire Resistance
*Sprinklers
*Stand-pipe rising mains
*Storage water
*Design fires

ÅHow capable is your response?
*Staffing & resources
*Tactics

ÅHow capable is your equipment?
*Transport & delivery of water
*Flow gradient (200-500-700-1500->2000)

ÅHow capable is your water plan?
*Hydrant grid
*Alternative water supplies
*Matched against fire load?

Adequate Water (volume) versus óvelocity and drop sizeô

ÅStream velocity

ÅDroplet size

ÅCone volume (Litres/m
3
)

ÅApplication method

ÅOperator skill
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Ψ¢ƘŜ ŦƛǊŜ ŀǘ ǘƘŜ ¢ŜƭǎǘŀǊ IƻǳǎŜ ƘƛƎƘ-rise office building, 
London 2003, ΨǎƛƳǇƭȅ ƻǾŜǊǊŀƴ ƻǳǊ (475 L/min)hand held 
ǎǘǊŜŀƳǎΩΣ reports Deputy Assistant Commissioner Terry 
Adams (London Fire Brigade ǊŜǘΩŘ) and ΨǿŜ ƴŜŜŘŜŘ ƳƻǊŜ 
flow from the rising mains to deal with the intensity of the 
ŦƛǊŜ ŀǎ ƛǘ ǎǇǊŜŀŘ ŀŎǊƻǎǎ ǘƘŜ ƻǇŜƴ ŦƭƻƻǊ ǎǇŀŎŜ ŀƴŘ ǳǇǿŀǊŘǎΩ 
ΧΧΧ
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The definition of 'adequate water' would be the optimum quantity 
that extinguishes the fire with least punishment to firefighters, least 
amount of water damage and to the point that building fire damage 
is seen to reduce.

You could use a very high flow and the fire may be suppressed faster 
but in some cases not. You could use a low flow but firefighters may 
suffer longer exposure to heat. Or you could attempt to locate the 
optimum amount.

Variables that will affect the application volumes and flow-rate will 
be fire load distribution and density, window or opening sizes, 
compartment size as well as construction factors. As always there 
are practical aspects, such as having good access and protection to 
be able to reach the fire effectively, that also have an impact.

ôAdequateõ Firefighting Water
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Real Fire 
Experience

Research 
Fires

Theory

Combustion and Gas Cooling Theory
Barnett/Sardqvist/ Hadjisophocleous/ Richardson

рΣплм ΨǿƻǊƪƛƴƎΩ 
building fires in the UK

Karlsrhue, Lund, 
Dalmarnock and 
Cardington Test 
Fires 

Cooling and Combustion 
EFFICIENCY %

County Area

3,544 km2

1,152 working Fires

Population Density 

413 people/km2
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Metro Area

1,276 km2

4,249 working Fires

Population Density 

2,105 people/km2

Å5,401 building fires 2009-2012

Å!ƭƭ ŦƛǊŜǎ ǿŜǊŜ ŀŎǘƛǾŜ ΨǿƻǊƪƛƴƎΩ ŦƛǊŜǎ

ÅFire involvement of 1 to 500m2

ÅFlow-rate densities between 5 ς47 
L/min/m 2

Å >600 (6.5%) fires were >50m2

County FRS Metro FRS

100 L/min 100 L/min

350 L/min 500 L/min

1800 L/min 1800 L/min

Å69 Large fires (1.3%) >500m2 

ÅFlow densities between 0.4 ς47 
L/min/m 2

ÅOverall Flows between 100 and 
6000 L/min
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It was noted in the research that the primary flow rates differed between the 
two fire services (County and Metro) and this was apparent in the amount of 
building damage suffered. 

Metro fire service main jets flowed 150 L/min more than County and they 
were able to contain fires to the compartment of origin more frequently.

The lower flow-rates further lead to an increase in on-scene staffing and 
additional resources as required.

Inadequate firefighting water may lead 

to an increase in building fire damage
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56.15%

23.97%

Building Fire Damage 

as a result of low 

flow -rate?

The Design Process

CǊƻƳ ǘƘŜ ǊŜǎŜŀǊŎƘ ƻŦ рΣплм ΨǿƻǊƪƛƴƎΩ ōǳƛƭŘƛƴƎ ŦƛǊŜǎ ƛƴ ǘƘŜ ¦YΣ ǘƘŜ ǘǊŜƴŘ ƭƛƴŜ 
data produced a series of equations that can be used for building design and 
fire service intervention capability review.

The data showed that less water was used (needed) in residential dwelling 
fires but far more water was required in industrial (IND) and storage (STO) 
fires. Office, retail and other occupancies fell between these two trend lines. 
The midline was validated using work by Stefan Sardqvist (Sweden).
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GCU Firefighting Water PhD Research 2015 - Grimwood

<400 MJ/m2

<800 MJ/m2

<1200 MJ/m2

Private Dwellings

IND/STO

HADJI 400 MJ/m2

HADJI 800 MJ/m2

HADJI 1200 MJ/m2

ALL OTHER

SARDQVIST

Power (Private Dwellings)

Power (IND/STO)

Power (SARDQVIST)

Flow demands in fires <500m
2

The building groups listed are as follows:

ÅDwellings(private houses, apartments and flats)
ÅResidential (institutional)(Hospitals; Homes; 

schools; prisons)
ÅResidential (other)(Hotels; colleges; hostels; halls of 

residence)
ÅAssembly & Recreation(Public entertainment; 

conference; museums, churches; law courts; health 
centres; day centres; clinics; passenger terminals)

ÅOffices
ÅShop & Commercial (retail)
Å Industrial (Factories)
ÅStorage and other non-residential(Storage 

warehouses and car parks)

30 
to
5

47 
to
7

16 
to
5

L/min/m2

15 
to       
9

SARD
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Typical Flow -rate Analysis 

Fires involving >500m of Floor Space

(Travelling Fires)

641 * A fire(m2)-0.8 = L/min/m 2
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Fires involving >500m of Floor Space

(Travelling Fires)

641 * A fire(m2)-0.8 = L/min/m 2

> Optimum
(Tactical) Flow-rate

Minimal Flow-rate

CriticalFlow-rate
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Flow meter read-out from 

METRO CITY Fire Engine

Flow-meter Example L/min
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The requirements for adequate firefighting water provisions to protect 
buildings can be determined either by codes, standards or by using a bespoke 
performance based fire engineered strategy.

In this case, s8.5 of BS PD 7974:5:2014 has been used to provide a basis for 
calculation. This work was based on 5,401 active building fires occurring in two 
fire authority areas the UK over three years, extinguished using water by 
firefighters wearing breathing apparatus.

Other data has been incorporated into the calculator from this research to 
validate and generate a useable tool, enabling fire design  engineers, architects 
and building developers to make potential savings but at the same time, create 
a safer building.

BS PD 7974:5:2014 s8.5 Calculator
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BS PD 7974:5:2014 s8.5 Calculator

Firefighting water by design for 
individual buildings.

Fire Service intervention 
capability (firefighting water 
deployments)

On-scene firefighterôs órule of 
thumbô guide

The inputs required are the size of 
the largest fire-resisting compartment 
in the building (m 2); the height of the 
storage (in the majority of buildings 
this will be taken as 1 metre unless 
storage height is relevant).

Then select the design methodology 
(by fire load or floor area). In using 
floor area you can also utilise the 
travelling fire calculation for 
compartments in excess of 500m2.

If sprinklers are installed a reduction 
factor can be applied according to the 
AHJôs approval.
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The building purpose groups listed are as follows:

ÅDwellings(private houses, apartments and flats)
ÅResidential (institutional)(Hospitals; Homes; 

schools; prisons)
ÅResidential (other)(Hotels; colleges; hostels; halls of 

residence)
ÅAssembly & Recreation(Public entertainment; 

conference; museums, churches; law courts; health 
centres; day centres; clinics; passenger terminals)

ÅOffices
ÅShop & Commercial (retail)
Å Industrial (Factories)
ÅStorage and other non-residential(Storage 

warehouses and car parks)

This section is for the fire service to 
estimate their capability of dealing 
with a compartment fire at any point 
on a timeline, once it has entered a 
growth phase of fire development. 

The t2 curves are used (fuel 
controlled fire) for reasonable worst 
case estimates. Ventilation controlled 
fire growth may be determined using 
alternative methods and compared 
with these outputs.

Enter the time from ófirst callô that the 
fire service estimate water could be 
applied to a fire. In some cases there 
will be a ópreparation to deployô time 
following the time of arrival.
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The on-scene firefighting órule of 
thumbô estimates are exactly that, 
based on simple calculations that can 
be used by firefighters at fire scenes 
to estimate the quantity of water 
needed to control or extinguish a fire.

For Industrial building fires óArea x 
10ôcan be used. For all other 
building fires óArea x 5 can be 
applied.

So if 20% of a 1,000m 2 open plan 
office floor is involved in fire at the 
time of deployment (water being 
applied from the interior, or 
effectively from the exterior) ï
200m 2 x 5 = 1,000 L/min

The on-scene firefighting órule of thumbô is a tactical tool 
for guidance only and cannot be considered as entirely 
accurate in every fire situation.

The GCU/KFRS research formed National Operational 
Guidance (2014) for the FRS in relation to firefighting 
water estimations (rule of thumb).

If it was 20% of a 1,000m 2

warehouse involved in fire at the time 
of deployment (water being applied 
from the interior, or effectively from 
the exterior) ï200m 2 x 10 = 2,000 
L/min is needed as minimum.

Applying water onto a fire effectively 
requires good access to the burning 
materials (fire base); optimum hose -
line placement according to the 
direction of the fireôs óflow-pathô; and 
adequate water in meeting the heat 
release rate.

The capability section can be used to see 
how flow-rate is affected by more rapid 
fire spread.

The on-scene firefighting órule of thumbô is a tactical tool 
for guidance only and cannot be considered as entirely 
accurate in every fire situation. (Note the following 
slide for optimum use) Beyond 500 m2 for Area x 
5; and 200m2 for Area x 10 fires the flow 
estimate becomes less appropriate.

The GCU/KFRS research formed National Operational 
Guidance (2014) for the FRS in relation to firefighting 
water estimations (rule of thumb).
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3 MW

5 MW
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15 MW

20 MW
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Interstate Bank Office 

Tower Fire 1988

Thefire at the InterstateBankoffice tower in

LosAngeles1988spreadthrough five floors

before being brought under control four

hours later. Thefire started in an office area

on floor 12 of the 62 storey office tower at

2225 hours. An automatic sprinkler system,

although installed, had been shut down

awaitingworks. Theoffice spacesurrounding

the core measured188 metres with a 7.5

metresspan,totalling 1,410squaremetres.
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Interstate Bank Office 

Tower Fire 1988

At the Interstate Bank, Los Angelesfirefighters were unable to deploy

adequatewater until 34 minutesinto the fire due to a delayin callingthe

fire department and ineffective fire pump settingsservingthe wet rising

fire mains(standpipes). At this point two thirds of the 12th floor wasfully

involvedin fire althoughon a zonalbasis,part of the floor spacewould be

in decay. Evenso, as the firefighters reachedthe 12th level at 21 minutes

into the fires ΨŦŀǎǘΩgrowth rate, any attempt at intervention would have

beenunlikelyto succeedasthe fire hadalreadyspreadto a quarter of the

floor platewith anestimatedheat releaseof 86MW.
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Interstate 3 -Zone Travelling Fire
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High-rise office 

Building Fire

Initial fire floor area 

(m2)

Fire Spread 

(m2/min)

t-squared fire 

growth rate

Interstate Bank,

Los Angeles 

1988

1,400 m2

Open-plan offices

22.2 Fast

CCAB Building

Chicago 2003

240 m2

Open-plan offices

20.0 Fast

Windsor Tower

Madrid 2005

900 m2

Cellular offices

7-15 Medium 

Travelling Fire Spread Rates m
2
/min
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Sprinkler Controlled Fire

Several options open to 
compensating for sprinkler 
controlled fire.

PD 7974-5 offers no 
recommendations here.

Global code reductions range 
from 20 - 50 percent.

NFPA 14 reduces water 
requirement in rising fire 
mains by 20 percent for 
sprinklered buildings.

The applied reduction in 
estimated firefighting flow-rate 
that qualifies where sprinklers are 
installed is very subjective and is 
for AHJ approval.

The scoring method (right) can be 
used for guidance as an effective 
way of achieving a safer overall 
design.
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UK CODE

Å3 x 100mm risers

Å4,500 L/min (1.5 L/min/m2)

ACTUAL

Å3 x 100mm risers

Å4,500 L/min (1.5 L/min/m2)

7974-5

Å2 x 150mm riser

Å4000 L/min (1.3 L/min/m2)

The ôShardõ London

3,000 m2 floor space including óBack-packô

61 x 30000.57

= 5,852 L/min

With 30% sprinkler reduction
= 4,096 L/min 

As a travelling fire - calculator input @ 500 m2 zonal fire
500 m2 @ 4.2 L/min/m2
2500 m2 @ 1.3 L/min/m2
= 2107 + 3060
= 5,172 L/min

With 30% sprinkler reduction
= 4,000 L/min (rounded from 3,621)

BS PD 7974/ 5 Solution: Dual 150mm rising
mainsin the main tower, reducingto one as the
floor area reducesin area at height, will flow
4,000 L/min and supply the ōǳƛƭŘƛƴƎΩǎbackpack
with effectivefirefighting water aswell.
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The ôWalkie Talkieõ London

The ôWalkie Talkieõ London

2,400 m2 floor space at largest floor

61 x 24000.57

= 5,153 L/min

With 30% sprinkler reduction
= 3,607 L/min

As a travelling fire - calculator input @ 500 m2 zonal fire
500 m2 @ 4.2 L/min/m2
1900 m2 @ 1.5 L/min/m2
= 2107 + 2901
= 5,009 L/min

With 30% sprinkler reduction
= 3,500 L/min (rounded from 3,506)

BS PD 7974/ 5 Solution: A single dual-outlet
150mm riser to all floors flowing 2,500 L/min,
with a secondary gravity-fed riser supplied
internally at an additional 1,000L/min on upper
levels as the floor area increases. This system
would be adequate and create savingsfor the
developer in this ground-breaking structural
design.
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UK CODE

Å3 x 100mm risers

Å4,500 L/min (1.6 L/min/m2)

ACTUAL

Å2 x 100mm risers

Å3,000 L/min (1.0 L/min/m2)

7974-5

Å1 ½  x risers (150 & 100mm)

Å3,500 L/min (1.3 L/min/m2)

The ôWalkie Talkieõ London

UK CODE

Å2 x 100mm risers

Å3,000 L/min

ACTUAL

Å2 x 100mm risers

Å3,500 L/min

7974-5

Å4 x 100mm risers

Å4,500 L/min

0FFICE FLOORS TYPICALLY ONLY 

5,000 SQ.FT (465 SQ.M) AS BUILDING 

WAS ORIGINALLY DESIGNED AS 

JUST RESIDENTIAL, WITH OFFICES 

AS AN óAFTERTHOUGHTô.

The ôBurj Kalifa õ Dubai
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Horizontal Fire Loads

When assessing horizontal fire loads, from a firefighting water 
requirement, three types of formulae can be used. One based on 
floor area (m2), one based on PHRR (MW) and the other based on 
fire load density (MJ/m2). A growth curve is useful to estimate 
where the fire will be at the time the fire service are able to apply 
water.

In general, there is a 50/50 chance of effective fire service 
intervention at the point a fire involves 100m2 in a large 
compartment. As the fire reaches 20-30 MW it may likely be 
beyond the control of a single hand held firefighting jet. 

Vertical Fire Loads

When assessing vertical fire loads, from a firefighting water 
requirement, it is important to address the height of the stacked 
storage in the calculation process. A growth curve is required to 
estimate where the fire will be at the time the fire service are 
able to apply water.

As the fire reaches 20-30 MW it will likely be beyond the control 
of a single hand held firefighting jet. 
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This methodology may also be used to optimize fire service 
intervention, firefighting tactics and response and deployment 
strategies.

A capability review can be undertaken of individual appliances, 
stations or cluster groups to quantify the amount of water that 
can be deployed against the fire load presented, according to 
each risk. Using a time-lined approach based on reasonable 
ΨǿƻǊǎǘ ŎŀǎŜΩ ŦƛǊŜ ƎǊƻǿǘƘ ǇŀǊŀƳŜǘŜǊǎΣ ǘƘŜ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ 
interventions can be effectively quantified.

Firefighting Water in Design & Practice

7 Firefighters

1,000 L/min (2 x 500 hose-lines)

6 Firefighters

750 L/min (1 x 750 hose-line)

5 Firefighters

500 L/min (1 x 500 hose-line)

40 MW

30 MW

20 MW
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3 Firefighters

200 L/min (1 x 200 HP hose-line)

Firefighters Flow-rate Fire Size 

m2

Fire Size 

Qmax

7 2 x 500 200 40 MW

6 1 x 750 150 30 MW

5 1 x 500 100 20 MW

3 1 x 200 20 5 MW

5 MW

By estimating the fire intensity at the time it will take to deploy 
water onto a fire, it can be determined if the amount of water 
available at the nozzle is likely to deal with the level  of fire 
growth.

For fuel controlled fires in large compartments a t2 fire growth 
curve can be used and the 0.385 L/s/MW Qmax will demonstrate 
the fire service capability at any particular point on the curve.

0.385 X MWQmax = Needed Flow-rate (L/s)

Fire Service capability
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t2 Water on Fire Water on Fire PHRR of 

Fire (Qmax)

Needed 

Flow

M 1200 secs 20 mins 17 MW 393 L/min

M 1800 secs 30 mins 38 MW 877 L/min

F 1200 secs 20 mins 68 MW 1,560 L/min

F 1800 secs 30 mins >100 MW N/A

t
2

Growth Fire ðFire Service Intervention

Firefighting Flow = 0.385 x MW Qmax = L/s

Town Centre Firefighting 
Water Planning
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> 1,200 L/min
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Variable fire load 500 MJ/m2

Add permanent (structural)  fire 
load>250% MJ/m2
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2,446 MJ/m2

2,400 MJ/m2
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4,900 MJ/m2

5,305 MJ/m2
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10,610 MJ/m2

10,610 MJ/m2
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Occupancy Fire Load Density Housefire x ? Primary Flow- rate

Houseor Apartment 500 MJ/m2 x 1 350-500L/min
Or > 200 L/min HP

Toy store 2400 MJ/m2 x 5 850-1250L/min

Sportsclothing 2400 MJ/m2 x 5 850-1250L/min

Shoestore 4900 MJ/m2 x 10 >1200L/min

Modern bookshop 5300 MJ/m2 x 10 > 1200L/min

Oldstyle bookshop 10600 MJ/m2 x 20 > 1500-2000L/min
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