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A How capable are your buildings?
*Compartment size
*Fire Resistance
*Sprinklers
*Stand-pipe rising mains
*Storage water
*Design fires

A How capable is your response?
*Staffing & resources
*Tactics
A How capable is your equipment?
*Transport & delivery of water
*Flow gradient(200-500-700-1500->2000)
A How capable is your water plan?
*Hydrant grid
*Alternative water supplies
*Matched against fire load?

Adequate Water (

B+

Cooling Ratio of Firefighting Water

WEuEl Phase

® Gazeous Fhase
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0Adequated Firefigl

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 fiate 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.
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Combustion and Gas Cooling Theory
Barnett/Sardqvist Hadjisophocleous

Cooling and Combustion
EFFICIENCY %

Karlsrhue, Lund,
Dalmarnock and

Cardington Test

Fires Research
Fires

building fires in the UK

Real Fire
Experience

County Area
3,544 km?
1,152 working Fires
Population Density
413 people/km?
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Metro Area
1,276 km?

4,249 working Fires
Population Density
2,105 people/km?

County FRS Metro FRS

100 L/min 100 L/min
350 L/min 500 L/min
A 5,401 building fires 2002012 1800 L/min 1800 L/min

Artt FANB& 6SNB OUAGS Wg2NlAy3IQ F

o A 69 Large fires (1.3%) >508m

A Fire involvement of 1 to 500/
A Flow densities between 0.4 47

A Flowrate densities between % 47 L/min/m?2

L/min/m?2
A Overall Flows between 100 and

A >600 (6.5%) fires were >50m 6000 L/min
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Inadequate firefighting water may lead
to an increase in building fire damage

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 flowrates further lead to an increase in -@cene staffing and
additional resources as required.
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Coundy FRS - Fine Containenant Data
Building Fire Damage
as a result of low

= flow -rate?

Compartivat of Crigh

W Flear of Grigie
M it Floons

Mdetro FRS - Fire Containment Data

Costpaitinant of Ogin

F ol { I
B Mul-Fcon

The Design Process

CNRBY (KS NBaASINODK 2F pInnam Wg2NJAY
data produced a series of equations that can be used for building design anc
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).




Flowrate as deployed (L/min)

Flowrate as deployed (L/min)
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Flowrate as deployed (L/min)

Flowrate as deployed (L/min)
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GCU Firefighting Water PhD Research 2015Grimwood

Floor area (m2) of fireinvolvement

Flow demands in fires <500m

The building groups listed are as follows:

A Dwellings(private houses, apartments and flats) SARD

A Residential (institutional{Hospitals; Homes;
schools; prisons)

A Residential (otherYHotels; colleges; hostels; halls
residence)

A Assembly & RecreatiofPublic entertainment;
conference; museums, churches; law courts; heal
centres; day centres; clinics; passenger terminals

A Offices

A Shop & Commercigfetail)

A Industrial (Factories)

A Storage and other nosriesidential (Storage

warehouses and car parks)
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Typical Flow -rate Analysis
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Fires involving >500m of Floor Space

(Travelling Fires)

641 * A(M?)08 = L/min/m 2
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Fires involving >500m of Floor Space

(Travelling Fires)

641 * A (M?)08 = L/min/m 2

4= >Optimum
« (Tactical) Flowrate

i

Minimal Flow-rate

CriticalFlow-rate

g S
Overall Water Usage Information
Month 1o Date Last Moath  Previous Month Year lo Date  Last Year Totyl
126095 165027 288208 Utres 6305753 1648487 Litres
\
3 : 8 3
( Summary Water ( Detailed Event N . Real-Time Y [ Maintenance &
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| Station Summiry & £ ‘ : \ Applance Status
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Flow-meter Example L/min

] - Flow meter read-out from
METRO CITY Fire Engine
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Figure 1 - Maxi and mini fire flow calcul for a non-sprinkiered 10,000 ft* non-residential building.
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FIRE BRIGADE STUDIES
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BS PD 7974:5:2014 s8.5 Calculator

The requirements for adequate firefighting water provisions to protect
buildings can be determined either by codes, standards or by using a bespok
performance based fire engineered strategy.

In this case, 8.5 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 tv
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, architec
and building developers to make potential savings but at the same time, crea!
a safer building.

21/05/2016
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BS PD 7974:5:2014 s8.5 Calculator

Firefighting water by design for

% individual buildings.
el L

Fire Service intervention
capability (firefighting water
/ deployments)

B s Onscene firefighter
i j%thumbc‘) gui de
“__ - 3

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

T BT I RE 10 OO TRETERTG AVTR

AR, 7ﬂ storage height is relevant).
R—— | —— .
N Then select the design methodology
(by fire load or floor area). In using
floor area you can also utilise the
e L

travelling fire calculation for
compartments in excess of 500mz,

If sprinklers are installed a reduction
factor can be applied according to the
AHJb6s approval

21/05/2016
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The building purpose groups listed are as follows:

A Dwellings(private houses, apartments and flats)

A Residential (institutional\Hospitals; Homes;
schools; prisons)

A Residential (otherYHotels; colleges; hostels; halls of
residence)

A Assembly & RecreatiofPublic entertainment;
conference; museums, churches; law courts; health
centres; day centres; clinics; passenger terminals)

A Offices

A Shop & Commercidfetail)

A Industrial (Factories)

A Storage and other nosresidential (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 t? curves are used (fuel
controlled fire) for reasonable worst
case estimates. Ventilation controlled
RSl i growth may be determined using
F==g™ alternative methods and compared
—  with these outputs.

P MEACE W TAEN O ALY

Ll

Enter the time fror
fire service estimate water could be
applied to a fire. In some cases there
will be a Oprepara
following the time of arrival.

21/05/2016
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The GCU/KFRS research formed National Operational
Guidance (2014) for the FRS in relation to firefighting
water estimations (rule of thumb).

R ING FRSTRMON WL OF MY LYW
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Theonscene firefighting o6rule

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).
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Theonscene firefighting o6rule

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.

Theon-scene firefight
thumbé esti mates at
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 6 Ar e a

1 0 éan be used. For all other

building fres 6 Ar ea xbe5 <car
applied.

S0 i 20%nefa 1,00am? ppen plan ¢ o o1
office floor is involved in fire at the

time of deployment (water being

applied from the interior, or

effectively from the exterior) 1

200m 2 x 5 =1,000 L/min

e Coalsdociaan

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) i 200m 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-pathled i
afleduate™Rdter in neeting theflidat t © 0!
release rate.

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

21/05/2016
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FIRE ENGINEERING GUIDE TO ADEQUATE FIREFIGHTING WATER
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BS PD 7974/5/2014 secvon 8.5

N T Sanace ;
Gilamgons Calecionian
Unveraily

FIRE ENGINEERING GUIDE TO ADEQUATE FIREFIGHTING WATER
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Design calcuiation Dy Fue Loaa Derty
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FIRE SERVICK INTRRVENTION CAPARILITY

Fire Growts vy [raet |

Re of few at Firs Sarvice
primary altack (MW)

e
WaTer Bow feGuITed 31 Faw
Service Primary stteck (Limn):
ON-SCENE FREEIGHTING “RULKE OF THUME" ESTIATE
Esnmated siae of Fire (m') 250]
Bullang type (purpose group) Al o Enidcings
1.280

Interstate Bank Office
Tower Fire 1988

Thefire at the Interstate Bankoffice tower in
LosAngeles1988 spreadthrough 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 dueto a delayin callingthe
fire departmentand ineffective fire pump settingsservingthe wet rising
fire mains(standpipes)At this point two thirds of the 12" floor wasfully
involvedin fire althoughon a zonalbasis,part of the floor spacewould be
in decay Evenso, asthe firefightersreachedthe 12 level at 21 minutes
into the fires W T .géo\itifrate, any attempt at intervention would have
beenunlikelyto succeedasthe fire had alreadyspreadto a quarter of the
floor plate with an estimatedheat releaseof 86 MW.
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2/min

Travelling Fire Spread Rates m

Highrise office |Initial fire floor area |Fire Spread t-squared fire

BuildingFire (m?) (m?/min)  |growth rate
Interstate Bank, | 1,400 n¥ 22.2 Fast

Los Angeles Openplan offices

1988

CCAB Building |240 n? 20.0 Fast

Chicago 2003 | Openplan offices

Windsor Tower 900 n? 7-15 Medium

Madrid 2005 Cellular offices

26



The applied reduction in
estimated firefighting flowrate

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.

Sprinkler Controlled Fire

Several options open to
compensating for sprinkler
controlled fire.

PD 79745 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 building

BS PD 7974-5 Firefighting Water Calculator (s8.5)

1
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A3 x 100mm risers

A4,500 L/min (1.5 L/min/m?)
1

A3 x 100mm risers

A4,500 L/min (1.5 L/min/m?2)
I3

A2 x 150mm riser -

A4000 L/min (1.3 L/min/m?)

The 6Shardd Londo

3,000 m2 floor spacpac¢hka@&@l uding 6Back

BS PD 79745 Solution Dual 150mm rising
61 x 3000057 mainsin the main tower, reducingto one asthe
= 5,852 L/min floor area reducesin area at height, will flow
4,000 L/min and supplythe 6 dzA f Packpack &
with effectivefirefighting water aswell.

With 30% sprinkler reduction

= 4,096 L/min

As a travelling fire - calculator input @ 500 m2 zonal fire m—
500 m2 @ 4.2 L/min/m2 - ==
2500 m2 @ 1.3 L/min/m2 Y

= 2107 + 3060

= 5,172 L/min

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

21/05/2016
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The dValkie T al k Loaddn

The o6Wal ki e Tal ki

2,400 m2 floor space at largest floor

BSPD 79745 Solution A single dual-outlet
61 x 2400057 150mm riser to all floors flowing 2,500 L/min,
= 5,153 L/min yvith a secondary gravity-fed risgr supplied
internally at an additional 1,000 L/min on upper
levels as the floor area increases This system

With 30% sprinkler reduction would be adequate and create savingsfor the
= 3.607 L/min developer in this ground-breaking structural
' design

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 ST _

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

21/05/2016
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TheWakie Tal ki ed Lo

A3 x 100mm risers
A4,500 L/min (1.6 L/min/m?2)

A2 x 100mm risers
A3,000 L/min (1.0 L/min/m?)

d A1 xrisers (150 & 100rﬁm)
A3,500 L/min (1.3 L/min/m?)

. . OFFICE FLOORS TYPICALLY ONLY
a,llfa 5 D u b al 5,000 SQ.FT (465 SQ.M) AS BUILDING
WAS ORIGINALLY DESIGNED AS

JUST RESIDENTIAL, WITH OFFICES

A2 x 100mm risers
A 3,000 L/min

I
A2 x 100mm risers

AS 500 L/min

- e
A4 x 100mm risers
A4,500 L/min

21/05/2016
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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 ot
floor area (M), one based on PHRR (MW) and the other based c
fire load density (MJ/). 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 10Gnm a large
compartment. As the fire reaches-3D 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 280 MW it will likely be beyond the control
of a single hand held firefighting jet.

21/05/2016
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Firefighting Water in Design & Practice

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 tirdened approach based on reasonable
Wg2NRG OFasSQ FANB 3IAINRSGK LI NI
interventions can be effectively quantified.

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)

21/05/2016
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3 Firefighters
200 L/min (1 x 200 HP hose-line)

m2 Qmax

7 2 x 500 40 MW
6 1x 750 150 30 MW
5 1 x 500 100 20 MW
3 1 x 200 20 5 MW

Fire Service capability

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*ditte growth
curve can be used and the 0.385 L/s/MY,, will demonstrate
the fire service capability at any particular point on the curve.

0.385 X MWQ),,,., = Needed Flowrate (L/s)

21/05/2016
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t2 Growth Fire & Fire Service Intervention

1200 secs 20 mins
M 1800 secs 30 mins
F 1200 secs 20 mins
F 1800 secs 30 mins

Firefighting Flow = 0.385 x MW

17 MW
38 MW
68 MW
>100 MW

Water on Fire Water on Fire | PHRR of Needed
Fire (Qmax) | Flow

393 L/min
877 L/min
1,560 L/min
N/A

Que = LS

Rescue Service

s

Kent Fire & Town Centre Firefighting
Water Planning

@G’EW-L.‘JC:I&LW

nisvraily

21/05/2016
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Variable fire load 500 MJ/m

b, 9
. Add permanent (structural) fire
load>250% MJ/m
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Occupancy Fire Load Density Housefire x ? Primary Flow rate

- S

o o

Table 16. Details of Phase 1 and II fuel packages, fire load densities, and combustible materials

Combustible materials
Rubber/ Food
Textiles Plastics Wood/paper lcather products
- C " B " e o i 8 @

Test Title D g & £ £ £ £ £ g £ £ £ T

3 =) ] = @ -] 8 =" é = | mass

22 <% £ 2§ £ :E 2 :3 =2 3 e
Computer store CMP-I 812 308 135 50.6 944 463 2090 000  0.00 000 0.00 31.69

CMP-1I 1624 308 270 506 1883 463 4180 000 0.00 0.00  0.00 63.38
Storage area SA-1 2320 560 685 3L 1659 490 6406 BS0 53290 5700 9227 1021
SA-11 4640 560 1370 311 3318 491 1283 B30 1066 570 1B45 2043
Clothing store CLS-1 66l 550 1965 600 0912 37.0 1359 200 0497 000 000 34.65
Clothing store CLW-L 66l 230 8218 LOD 0152 760 2791 000 0.00 000 0.00 I6l8
Clothing store CLC-I 66l B6.0 3073 200 0304 120 4407 000 0.00 0o 0.00 3544
CLC-IT 1322 8.0 6146 200 0608 120 8814 000 0.00 0.00  0.00 T0.88
Toy store TOY-1 1223 6.59 4360 186 5245 748 5081 000 0.00 000 0.00 60.42
TOY-II 2446 659  B720 186 1049 748 1006 000 0.00 0.00  0.00 1208
Shoe storage SHO-1 4900 Lo0 2649 000 000 340 92356 650 1196 000  0.00 214.8
SHO-I' 4900 LoD 2649 000 000 340 9256 650 1196 000 0.00 2148

Bookstore BK-1 5305 | 040 1147 000 000 996 30LE 000 000 000 000 @ 3029
[ BE-IT 10610 J 040 2294 0.00 000 99.6 6036 0.00 0.00 0.00  0.00 6058
Fast food outlet  FF-1 Rl 030 0142 193 3907 389 1905 000 000 415 BET0R  3LEI
FF-11 1762 030 0284 193 7814 389 3810 000 00 41.5 1742 6361
T4 of fire load (MJ) 10 the total fire load of the represented package.
? total masses of combustibl ials only, no bustibles are not included.

? same | m® fuel package tested in SHO-1 {performed in the post-flashover facility).
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