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COST-EFFECTIVE DOMESTIC FIRE
SPRINKLER SYSTEMS

Abstract

The objective of this project was to propose an inexpensive domestic fire
sprinkler system design, with supporting information about its effectiveness in
reducing loss of life, injury and property dareadpue to fires in houses.

This report outlines a lowost, multipurpose sprinkler system that fulfils these
objectives in a more cosffective manner than the systems presently available.

The proposed sprinkler system varies from the requirementseo€utrent
New Zealand Standard, NZS 4515:199Be Sprinkler Systems for Residential
Occupancies (including Private Dwellingg)that it:

1 Is not a standlone system, rather it is integrated with the domestic
plumbing.

2  Omits sprinkler heads from the bhabom, toilet, wardrobe/cupboard
spaces and ceiling cavity. Almost 90% of fatal fires originate in
bedrooms, lounge/dining and kitchens.

3 Installation is by approved plumbers or sprinkler contractors.

4  Requires no control valveset or backflow prevention.

5 Does not have a sprinkler operating alarm, but does recommend the
installation of smoke alarms to provide early warning of the fire.

6 Has no specifications for annual maintenance.

The total cost of installing this system into a simple, siwlel three
bedroom new house was found to be approximately $1000.

Costbenefit analysis showed the proposed system achieves a cost per life
saved competitive with that of domestic smoke alarms, however it would be
more effective in saving lives and property. Tlstoer life saved was found

to be less than $900,000.
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EXECUTIVE SUMMARY

The objective of this project was to propose an inexpensive domestic sprinkler system
design, with suppamg information about its effectiveness in reducing loss of life,
injury and property damage due to fires in domestic dwellings.

The research adds to the international knowledge on the performance of domestic fire
sprinkler systems. It highlights whererisfzlers can be targeted within a dwelling to
achieve effective protection and coverage. The report outlines -aoswsprinkler
system that will result in fewer fatalities and injuries and less property damage in a
more costeffective manner than is @ently available.

A literature search and preliminary investigation into the cost aneeffestiveness of
domestic sprinkler systems concludes that sprinkler systems built to current
New Zealand standards are not eeffective. A review of the curreritiew Zealand
Standard for domestic sprinkler systems (NZS 4515:1995 [SNZ, 1995]) is attempting to
reduce the cost and hence improve the-efisttiveness of the system.

The literature search and preliminary investigation into the cost aneftestiveress
of domestic sprinkler system concludes:

» Sprinkler systems built to current Nefealand standards are not ceffective.

» Costbenefit analysis has proven that there is scope to reduce the cost of the
domestic sprinkler system. The scope comes preduortiyn from legislation,
competition and design requirements.

* A risk assessment approach, where reductions in reliability are offset against
increased coverage of sprinklers in the home, appears to offer possibilities for
providing options to reduce thest of the sprinkler system.

* Inconsistencies exist between areas where for example it costs more to connect
water mains to serve the sprinklers than it does to install the sprinkler system.

* The review of the current New Zealand Standard for domestic &arigistems
(NZS 4515:1995 [SNZ, 1995]) is attempting to reduce the costs of the system, but
as shown by the cobenefit analysis, the costs need to be reduced further. The
attempts to have plumbers install the system and to reduce the maintenance
requirements are a good start.

» Compulsory requirements for sprinkler systems in homes have been successful in
the USA in reducing the costs of the system.

The review of literature and international sprinkler standards indicated that the multi
purpose sprinklerystem offers significant cost reductions. A mypitirpose sprinkler
system shares the same pipes as the domestic plumbing system; the sprinklers are
integrated with the domestic plumbing. Using the same pipe for both systems means
less pipe and less fitigs.

The proposed design for a mygtirpose domestic sprinkler system is based strongly on
the requirements of the National Fire Protection Association’s residential sprinkler



Standard, NFPA3D (NFPA, 1999). A risk assessment approach, where themnci

on expected numbers of injuries and fatalities caused by a reduction in sprinkler
coverage is assessed, and a -bestefit analysis, based on the costs to install the
proposed multpurpose sprinkler system, is used to analyse the effectivenese of th
system.

The risk assessment was undertaken through the use of event tree analysis. An event
tree is a logic diagram which predicts the possible outcomes from an initial event
(Charters, 1999). The likelihood of each outcome depends on other factorassuc
whether the fire is noticed at an early stage, whether it spreads or whether it is put out
with fire extinguishers. The conditional probability of each of these other factors can be
calculated and an estimate made of how often an event occurs (€hE389).

The risk assessment objectives were to:

1. Investigate the number and location of injuries and fatalities as a result of
domestic fires.

2. Determine the impact on the number of injuries and fatalities as a result of
installing combinations of domis smoke alarms and sprinklers.

3. Assess the impact on the number of injuries and fatalities as a result of reducing
the reliability of the domestic fire sprinkler system.

4. Assess the impact on the number of injuries and fatalities as a result of omitting
sprinkler heads from the ceiling space, bathroom, toilet and wardrobe/cupboard
space.

The risk assessment analysed four options of sprinkler system and smoke alarm
combinations. Outcomes from the risk assessment analysis show:

» The majority of fatalities andhjuries occur as a result of fires originating in the
living room, bedroom or kitchen. The risk analysis shows that injuries are less
likely to occur from fires originating in the bathroom and ceiling cavity.

* Results show that the combination of thaltimpurpose sprinkler system with the
smoke alarms is the most successful at reducing the number of injuries and fatalities
in a domestic fire. The proposed mydtirpose sprinkler system alone is likely to
reduce the number of injuries by approximat&b@o and the number of fatalities by
approximately 72%.

« The domestic smoke alarm system alone can potentially reduce the number of
injuries by over two thirds and the number of fatalities by one half.

For the option of the combined mufturpose sprinklesystem and smoke alarm,
removal of sprinkler heads from the ceiling space, bathroom/toilet and
wardrobe/cupboard space increases the expected number of fatalities per year from 4.8
to 5.7 (16%). Removal of sprinkler heads from these spaces increasspdbted
number of injuries per year from 2718 31.5 (13%).



The proposed muHpurpose sprinkler system varies from the requirements of
NZS 4515:1995 (SNZ, 1995) as it:

1. is not a stan@lone system

2. omits sprinkler heads from the bathroom, toilet, walbd/cupboard space and
ceiling cavity

3. is assumed that the installation will be carried out by approved plumbers,
sprinkler contractors or others who have demonstrated competency to carry out
the work

4. requires no control valveset

5. does not have a sprinklep@rating alarm, but does recommend the installation
of smoke alarms to provide early warning of the fire

6. has no specifications for annual maintenance.

The cost per life saved for installation of the proposed fpulfpose sprinkler system
was found to be&91,000. This cost per life saved is 2.6% of the cost per life saved for
a new sprinkler system installed to the current New Zealand Standard{3489.995
(SNZz, 1995).

Analysis shows that the draft Standard has increased theeftediveness of the
sprinkler system, reducing the cost per life saved from $84lidn to $17.8million
(refer Table 15). The cost per life saved for installation of the proposedpurgbse
system of this project is 5% of the cost per life saved for a new sprinktensys the
draft New Zealand Standard, RIB15/CD3 (SNZ, 1999). The comparison of these
results show the proposed laest multipurpose sprinkler system to be considerably
more costeffective than domestic sprinkler systems installed to current or draft
standards.

Combining the smoke alarm with the miptirpose sprinkler system has the greatest
effect in reducing the number of expected deaths per year. The smoke alarm plus
sprinkler option potentially saves 25 lives per year. The cost per life savédiso
option is $2.8nillion.

Reducing the cost of the domestic sprinkler system has achievedeffeosteness in
the range close to that of a domestic smoke alarm. The cost per life saved for-the low
cost sprinkler system is considerably less tihamh of multiple smoke alarms.



INTRODUCTION

The objective of this project was to propose an inexpensive domestic sprinkler system
design with supporting information about its effectiveness in reducing loss of life, injury
and property damage due to fitrasdomestic dwellings.

The research adds to the international knowledge on the performance of domestic fire
sprinkler systems. It highlights where sprinklers can be targeted within a dwelling to
achieve effective protection and coverage. The repdfines a lowcost sprinkler
system that will result in fewer fatalities and injuries and less property damage in a
more costeffective manner than is presently available.

Domestic sprinkler systems have the potential to reduce the number of fire deaths and
the amount of property loss attributed to fire in the home. Close to 4,700 domestic
structure fires occur annually in NeZealand, with around 23 deaths annually as a
result of these fires (Irwin, 1997). Sprinkler systems have proven to be effectinge in
commercial situation. The systems built to current Standards have a success rate of
around 99% (Marryat, 1988).

This report is an investigation into ways to reduce the cost of installing domestic
sprinkler systems in Ne&ealand homes. The report pides statistics of domestic
fires in NewZealand and puts these statistics into a global context by comparing them
with international statistics. Details of previous research into theeffestiveness of
domestic fire sprinkler systems are summaris€tbdes and standards for domestic
sprinkler systems are outlined, particularly the existing Mealand Standard for
residential sprinkler systems, N4515:1995 (SNZ, 1995), and the domestic sprinkler
standard from the National Fire Protection Association the UnitedStates,
NFPA13D:1999. An investigation into the cexffectiveness of domestic sprinkler
systems for Newealand homes is described. The @istctiveness study highlights

the components of the system where potential cost savings caadee To ensure
clarity throughout the study, definitions of the key components of the sprinkler system
are provided, along with a description of possible alternatives to the standard sprinkler
system design, such as the mpltrpose and flowthrough fie sprinkler system.
Alternatives for the conventional, staatbne sprinkler system are given. Case studies
of the use and effectiveness of the domestic fire sprinkler system highlight some
advantages and disadvantages.

The second half of the reporicigses on assessing the effectiveness of alternatives to the
conventional domestic sprinkler system. Risk assessment and computer modelling are
used to evaluate the effectiveness of the proposed alternatives. The risk assessment
considers the impact thamitting sprinklers from some rooms and spaces is expected to
have on the numbers of injuries and fatalities caused by domestic fires. Computer
modelling investigates the effect sprinklers have on increasing the duration of tenable
conditions in the eventdf a fire in a dwelling. A codbenefit analysis of the proposed
alternative domestic sprinkler system is compared with the results from-becesit
analysis previously undertaken for a domestic sprinkler system installed to the
requirements of the ctent NewZealand Standard, NZS 4515:1995 (SNZ, 1995). The
report concludes with a proposal for an inexpensive (andetesttive) domestic fire
sprinkler system.



3. STATISTICS
3.1 Domestic Fire Problem

The impetus for investigation into domestic fire safetysa from historical records
showing that fires occurring in the home contribute to the majority of fire deaths in
New Zealand. Annually, there are approximately 6000 domestic fires in New Zealand,
with an average of 23 deaths each year (Grieve, 199%. fréquency and severity of
domestic fires has illustrated a need to find ways to reduce the problem. Domestic
smoke alarms have begun to increase fire safety, with more than 50% of homes in
New Zealand installed with smoke alarms. The success of $msnla commercial
applications for both life safety and property protection has indicated that domestic
sprinklers may be an option for increasing protection from fire in the home.

3.1.1Frequency
During the period 1986 to 1994 inclusive, the N&saland FireService attended a total
of 198,846 fire incidents (Irwin, 1997). This equates to an averad?®,&Do fire
incidents each year (Irwin, 1997). Domestic fires contribute to approximately 21% of
the total fire incidents in NewWealand, equating to 4668 mestic structure fire
incidents annually (Irwin, 1997). Figure 1 shows a distribution of the varieties of fire
incidents occurring in Newealand.

Proportions of Types of Fire Incidents,
1986-1994
Controlled
Burning
9%
g o
11% 27%
Mobile Property
(including
vehicles)
13%
Domestic
Buildings
Vegetation 21%
19%

Figure 1: Proportions of Types of Fire Incidents
(Source— Irwin, 1997)

The ‘other’ category includes fire incidents which were classified in the ‘fires involving
chemicals, flammable liquids and gases’, and ‘miscellaneous’ sections of the incident
reporting field (Irwin, 1997). The term ‘Domestic Riing’ included one and twoe

family dwellings, apartments, townhouses and flats.



3.1.2Location
Statistics collected by the Nexiealand Fire Service show that close to 75% of domestic
structure fires start in the kitchen, lounge or bedroom (refer Figure 2).

Where Domestic Fires Start

a0 3%1%

17%

4% OBedroom
B | ounge
Okitchen
9% OGarage

B aundry

21% Ochimney

B Hallway/stairs

O Ceiling/roof space

H Toilet/bathroom

34%

Figure 2: Where New Zealand Domestic Fires Start
(Source- NZFS, 1999)

The most frequent area of fire origin is the kitchen (34%), but the most frequent area of
origin for fires which cause fatalities the bedroom, comprising 38% (refer Figure 5).

3.1.3 Severity
The average number of fire deaths annually in houses and flats iZé#and from
1986— 1998 is 23 (Grieve, 1999). Figure 3 shows the number of fatalities caused by
domestic structure fires. Thmumber of fire deaths are small enough that variations
from year to year can be significant and any overall trends are difficult to determine.



Fire Deaths, 1986-1998
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0 T T
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Figure 3: Fire Deaths in Houses and Flats, New Zealand 198®98
(Source— Grieve, 1999)

Figure 4 shows a comparison of fire death rates between a variety of countries. The
number of NewZealand fire deaths per million population is low by world standards
but is about equal to the average for all the develmoentries (Wade and Duncan,
2000).
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Figure 4: Comparison of International Fire Death Rates
(Source— Irwin, 1997)



Close to forty percent of fatal fires in Ne&&ealand begin in the bedroom (refer
Figure5), with the majority ocurring during sleeping hours, betweend and 1Gam
(referFigure6).
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Figure 5: Where Fatal Fires Start
(Source— Irwin, 1997)
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3.2

These statistics suggest that sleeping occupants are more at risk from fire. Early
warning from a smoke alarm or suppression from a sprinkler system would be
beneficial to further reduce the risk of fire foregdéng occupants.

Domestic Sprinklers in New Zealand

A costbenefit analysis undertaken by BRANZ (refer Section 4.0) for domestic fire
sprinkler systems installed in homes in New Zealand, shows that systems built to
current standards are not ce$tective Subsequently, there are very few domestic
sprinkler systems installed in New Zealand homes. Cause for the low numbers of
sprinkler systems could be the prohibitive cost and current legislation. Legislation in
New Zealand does not require private horteebave sprinkler systems installed. Case
studies from the Unite8tates indicate that laws requiring the compulsory installation
of sprinklers in private homes are successful in achieving a reduction in reported
domestic fire incidents and hence, thember of fatalities. Although the sprinkler
systems are successful, it is only on a large scale, when thberadit analysis is
undertaken for the wider community, as opposed to per household, that the domestic
fire sprinkler system become casftective (refer Section 6.0).

The NewZealand Standard NZ&515:1995 (SNZ, 1995), is the current standard which
outlines the requirements for fire sprinkler systems in residential and domestic
occupancies.

A residential occupancy is defined as rooms arrangeth&purposes of habitation or
co-habitation, other than those defined as a domestic occupancy. Residential
occupancies include hospitals, rest homes, care institutions, prisons, police cells, motels,
hotels, hostels, residential boarding schools, flatsagartments.

A domestic occupancy is defined as a dwelling used as the home or residence of not
more than one household and includes any attachedasetined unit.

NZS 4515:1995 (SNZ, 1995) is an auxiliary document to MB81:1995 (SNZ, 1995

b) Automatic Fire Sprinkler Systems, which is used for sprinkler design in occupancies
not defined as domestic or residential. This Standard is currently under review with a
number of changes intended to be made resulting insewstgs. The effect of these
proposals are examined later in this report.



3.3 Overseas Statistics

Statistics from the Unite8tates show trends for domestic fires to be similar to those of
New Zealand, with 8 out of 10 fire deaths occurring in the home (Home Fire Sprinkler
Coalition, 1999). The kitchen, bedroom and living room (den) feature as the top three
areas of fire originréfer Figure Y.

Area of Fire Origin - United States
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Figure 7: Area of Domestic Fire Origin— United States
(Source— Edison, 1999)
According to the United States Fire Administration (USFA, 1BYSstatistics show

» Cooking is the leading cause of home fires in the U.S., it is also the leading cause of
fire injuries.
» Careless smoking is the leading cause of overall fire deaths.

» Heating is the second leading cause of residential fires and ties with arson as the
second leading cause of overall fire deaths.

* Arson is the third leading cause of residential fard a leading cause of residential
fire deaths.

In the UnitedStates, about 5000 people die every year as the result of fire, and another
25,500 are injured. At least 80% of all fire deaths occur in private homes. Direct
property loss due to fires is @stted at $9.4illion annually (USFA, 1998).

Approximately 86% of U.S. homes have at least one smoke alarm (Edison, 1999).
About 64% of the residential fire deaths occur in the 18% of the U.S. homes which have
no smoke alarms (and presumably no spengl/stem) installed (Edison, 1999).
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3.4

Changes to legislation making domestic sprinkler systems compulsory, illustrate how
effective sprinklers are at reducing the number of fire incidents and fatalities. There are
cities in the United States where laws éaween passed, making sprinkler systems
compulsory. A high percentage of fires involving residential sprinklers usually only
result in the operation of a single sprinkler head (NFPA, 1994).

Smoke alarms have been successful at reducing the domestiskijreut with at least
5000 deaths from fire still occurring annually in the Unifdtes, consideration of
alternative fire safety measures need to be made (Edison, 1999).

Previous Research

Previous research into the cost and -@ffgctiveness of domse sprinkler systems
include studies by Beever and Britton (1999) Rathmaniar(1995).

3.4.1 Beever and Britton

A study by Beever and Britton (1999) for the Building Control Commission, Victoria,
Australia, researched cestfective fire safety measures foisigential buildings. The
research undertook a cdstnefit analysis for domestic sprinkler systems with the
methodology for this analysis subsequently used for the BRANZ study eéftestive

fire safety measures (refer Section 4.0).

The objective oflte research by Beever and Britton (1999) was to examine the ability
of fire safety measures to impact on reducing the risk of loss of life, injuries and damage
to property. An overview of statistics provides an idea of the observed risk of fire for
the danestic situation in Australia.  Statistics are used to evaluate the correlation
between risk of fire and economic disadvantage. Similar to Z&aland, around 30%

of fire fatalities and fire injuries in Australia occur in erand twefamily dwellings
(Beever and Britton, 1999).

Beever and Britton (1999) also undertook a series of experiments to examine sprinkler
and smoke alarm effectiveness. The experiments looked at combinations of sprinkler
system design and fuel loads to evaluate the effectivefiegmiokler system designs
varying from the conventional sprinkler system. The tests indicated:

‘... that a relaxing of the Australian Standard for domestic sprinklers would not have a
substantial effect on property loss (where the window does not bredkjay not be
sufficient to protect persons adequately in the room of fire origin under very low flow
rates. However, the (above) tests indicate that a relaxed domestic sprinkler standard
may offer adequate protection to those not in the room of firendrigBeever and
Britton, 1999

The Australian study undertook a ct&nefit analysis for the installation of a variety of
domestic fire safety systems. The safety systems analysed theffeo8teness of
domestic sprinkler systems, smoke alarms,dxenguishers and furniture flammability
legislation.

Findings from the Australian research into the -@f#ctiveness of domestic sprinkler
systems concluded:

11



Domestic fire sprinkler systems would reduce the number of fatalities and injuries
in househtw fires and also significantly reduce property losses in Australian
dwellings.

On examination of the costs involved in sprinkler installation and maintenance, it is
suggested that relaxation of the requirements surrounding flow rates, installation
requiements, sprinkler separation, sprinkler to wall distances and maintenance
schedules be considered in order to make domestic sprinkler systems meore cost
effective.

Within a constrained household budget there are numerous household safety
features such as sike alarms, fire extinguishers, and avoidance of trip and fall
hazards that would reduce injuries, fatalities and amount of property loss, far more
costeffectively than sprinklers.

Though not directly considered within this study, review of other worgestg that
safety education programs offer the greatest level of reduction in fire accidents by a
very costeffective means.

‘Based on the findings of this study, no recommendation can be made for extending
building codes to require sprinklers to be inktdlin domestic dwellings in Australia at

this given time. The adoption of sprinklers should however be reassessed in the future
as their coseffectiveness is expected to improve with predicted demographic changes

(ageing population) and reducing costéeever and Britton, 1999)

3.4.2Rahmanian
A study byRahmanian(1995) documents an analysis of domestic fire sprinkler systems
for use in NewZealand homes. The report evaluates the economics of domestic
sprinkler systems installed to current standards in Kealand homes and includes a
literature search, review and comparison of international sprinkler codes, costs and
benefits of domestic sprinkler systems and case studies for two-&nglg dwellings
in New Zealand.

The study byRahmaniar(1995) concluds:

NZS4515:1995 (SNZ, 1995) is more conservative than any other equivalent
domestic standard around the world. This results in higher installation costs for
domestic sprinkler systems in New Zealand than in other countries, mainly due to
the need for sinkler heads in concealed spaces.

In New Zealand, installing domestic sprinkler systems in new dwellings only, could
save over 100 lives and $4Btllion worth of property damage over a-$8ar
period.

In New Zealand, installing domestic sprinkler systam40% of existing dwellings

each year, in addition to all new dwellings, could save aboutli&Es) and
$1.8billion worth of property damage over a-$6ar period.

12



At the present time (1995), the cost of installing domestic sprinkler systems in
New Zeabnd homes is greater than the expected value of benefits, but the gap
between its costs and benefits becomes narrower when benefits to the community as
a whole are considered.

From the results of this specific cdstnefit analysis for the Neealand sitation,

a significant reduction in the present design and installation costs of domestic
sprinkler systems and a large increase in value of life, injuries and insurance
discount is required in order for the systems to becomeetiestive.

Because of thensall number of systems being installed in Négaland homes,
there is not much competition within the sprinkler industry. The market would
become more competitive if the demand for domestic sprinkler systems increased.

Widespread use of domestic sprinkégstems is not very likely to markedly reduce
the costs of operating the Ne&fealand Fire Service.

Rahmanian (1995) lists some recommendations for ways the cost of the domestic
sprinkler system can be reduced. The recommendations give guidelines for city
councils, insurance companies, the sprinkler industry, the Insurance Council of
New Zealand and the Building Industry Authority. The recommendations focus on:

City Council- reducing the water main connection fees, increasing the diameter of
the domesticwater supply pipe from 1mm to 20mm to enable the sprinkler
system to be connected directly to the domestic water supply, as opposed to an
additional water supply connection to the water mains for the sprinkler system.

Insurance Companies offering in@ntives to the home owner in the form of
reductions in insurance premiums.

Sprinkler Industry- design of a cheaper control valve set, encouragement of more
installation of sprinkler systems in homes to make prices for installation and
maintenance more cqatitive.

Insurance Council of Newealand— allowing nonspecialised contractors, such as
plumbers, to install sprinkler systems.

Building Industry Authority— the approved documents should be modified to give
tradeoffs in passive fire protection wherprgkler systems are installed in multi
family dwellings.

The costbenefit analysis undertaken by Rahmanian (1995) for a sprinkler system
installed in a singkdamily home, concludes that domestic fire sprinkler systems
installed to current standards aret rcosteffective, confirming the findings of the
Australian study Beever and Britton, 199%nd the NewZealand study (Wade and
Duncan 2000Q.
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4.1

CODES AND STANDARDS

Codes and standards for the installation of domestic sprinkler systems have been
developd to ensure sprinklers maintain their standard of efficiency when used for the
domestic situation.

There are three standards specifically for domestic fire sprinkler systems,
NZS4515:1995 , NFPA3D:1999 and AR2118:1995- Part 5.

Other standards whichrqvide specifications for automatic sprinkler systems which are
not specifically for the domestic situation, include:

* NewZealand NZS4541:1996 Automatic Fire Sprinkler Systems
* UnitedStates NFPA13:1996 Standard for the Installation of Sprinkler Syst

» British - BS5306: Part 2:1990 Fire Extinguishing Installation and Equipment on
Premises— Specification for Sprinkler Systems, Technical Bulletin 14:1990
Sprinkler systems for dwelling houses, flats and transportable homes

* Australian- AS 2118:19955AA Code for Automatic Fire Sprinkler System
NZS 4515:1995

The current Standard outlining the requirements for installation of domestic sprinkler
systems in NevZealand is:

NZS 4515:1995FIRE SPRINKLER SYSTEIS FOR RESIDENTIAL GCCUPANCIES
(includingPRIVATE DWELLINGS).

NZS 4515:1995 (SNZ, 1995) complements the current Kealand Standard for
automatic sprinkler systems, NZS41:1996, which is used for commercial
applications.

The eight chapters of the residential sprinkler Standard outline:

* General Requiments— such as scope, definitions and procedures.

* General Design Requirementsfor the extent of protection, types of system,
provision of hand operated fire fighting appliances, materials with a high spread of

flame index.

« System Components such asequirements for sprinkler heads, pipework, valves
and alarms.

» Location of Sprinklers- cases of: rooms other than basements and garages; roof,
ceiling and underfloor spaces; external sprinklers; basements and garages.

» Determination of Water Supply Requirents— the basis for calculations of design
flows and pressures.

* Water Supply such as town mains, storage tanks and pumps.
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4.2

» Hydraulic Calculations- describes hydraulic calculations and calculation methods.
» Testing, Maintenance and Survey Inspection meguents.

At present, the Newealand Standard for residential (including domestic) fire sprinkler
systems is being reviewed. Amendments to the domestic sprinkler Standard are
focusing on ways to reduce the cost of the system in an attempt to make domestic
sprinkler systems for the domestic situation, more -efisttive. Changes being
considered in the review include requirements for the control valve, qualifications of
sprinkler installers and stipulations for maintenance.

NFPA 13D:1999

The equivalent sindard to NZ515:1995 (SNZ, 1995) for domestic fire sprinkler
systems installed in homes in the Unifdtes is:

NFPA13D:1999 Standard for the Installation of Sprinkler Systems in @né Twoe
Family Dwellings and Manufactured Homes.

This Standard, pdished by the National Fire Protection Association (NFPA), was
developed in recognition of the need to reduce the annual life loss from fire in
residential occupancies in the Unitsthtes. Like Nevwealand, fire deaths in
residential occupancies make op, average, over 60% of the total loss of life from fire.
The Standard was first adopted in 1975 as sprinkler design requirements for the
domestic situation (NFPA, 1999).

NFPA13D:1999 recognises the need for sprinkler systems to be designed specifically
for the domestic situation, as opposed to the use of systems appropriate for commercial
situations.

The profile of NFPAL3D:1999 is as follows:

Chapter one of NFPA3D:1999 outlines some general information on the scope,
purpose and definitions for thea®tdard. The first chapter outlines requirements for
maintenance, devices, materials, design and installation of the domestic sprinkler
system.

Chapter two provides the requirements for water supply for the sprinkler system. Water
supply requirements fahe specific cases of the mytturpose piping system and the
mobile home are described.

The third chapter looks at the sprinkler system components. The components are split
up and described in six sections: valves and drains, pressure gauges, pgig, p
support, sprinklers, alarms.

Chapter four gives the requirements for system design. Details of the design criteria,
position of sprinklers, system types, pipe sizing, piping configurations and location of
sprinklers are provided.

The unique requireemts of sprinkler systems for use in limited area dwellings are
described separately by chapter five. A mobile home is an example of a limited area
dwelling.
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The final chapter provides a selection of references used to establish the Standard.

Some citiesn the UnitedStates have enacted legislation requiring residential sprinklers
to be installed in new residential buildings, and some have gone so far as to make the
requirements retroactive to existing buildings. Scottsdale, Arizona is an example of a
city where it has become compulsory to install sprinkler systems in new domestic

dwellings. The Scottsdale example is described in the case study to follow (refer
section 6.0).

4.2.1NFPA 13D:1999 Multi-purpose sprinkler system
The National Fire Protection Assation Standard for the installation of sprinkler
systems in oneand twoefamily dwellings, NFPAL3D:1999 (NFPA, 1999), allows for
the installation of multpurpose sprinkler systems. The Standard defines a-multi
purpose sprinkler system as a piping systathin dwellings and manufactured homes
intended to serve both domestic and fire protection needs (NFPA, 1999).
NFPA13D:1999 states that a piping system serving both sprinkler and domestic needs
shall be considered to be acceptable where the followindittons are met:

(a) Addition of 19 litres per minute to the sprinkler system demand (to allow
for draw-off from the domestic supply at the time of a fire).

(b) Smoke alarms are installed.

(c) ‘Listed’ piping materials are used.

(d) Otherwise acceptable to the plumbimgalth authorities.
(e) A sign labelling the system is installed.

Design criteria for a mulpurpose sprinkler system which differ from that of a stand
alone sprinkler installed to the requirements of NB%5:1995 (SNZ, 1995) include:

(a) Design Discharge- The system shall provide a discharge of not less than
68 L/min to any single operating sprinkler and not less thah/d@n per
sprinkler to the number of design sprinklers, but the discharge shall not be less
than the listing of the sprinkler. The minimurpevating pressure of any
residential sprinkler shall bepai (0.5bar).

(b) Sprinkler Coverage- Maximum area protected by a single sprinkler is
13.4m?% The maximum distance between sprinklers ist8.dn pipeline and
maximum distance to the wall is "8 The minimum distance between
sprinkler heads in a compartment is &h4

(c) Sprinkler Location- Sprinklers shall not be required in bathrooms ofré’1
and less; sprinklers shall not be required in clothes closets, linen closets and
pantries of 2.2n* and less; sprinklers shall not be required in garages, open
attached porches, carports and similar structures, attics and concealed spaces.

NZS 4515:1995 (SNZ, 1995) has no provisions for a ppuitpose sprinkler system.
The Standard requires an isolated rfipipe dedicated to the sprinkler system.
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4.3 Code Comparison

Rahmanian(1995) concludes sprinkler systems installed to MZ85:1995 (SNZ,

1995) are more expensive to install than the equivalent system installed to requirements
of NFPA13D:1995, the Standardor domestic fire sprinkler systems in the
United States. Rahmanian(1995) establishes that the requirements for sprinkler heads
in concealed spaces are the major contribution to the price difference. Comparison of
NZS 4515:1995 to NFPA3D:1995 identifes the following differences (Rahmanian,
1995):

Building Size Requirements NZS4515 provides the requirements for sprinkler
systems installed in single family dwellings, homes up to diwceys with a
maximum floor area of 5067 and homes with a maximuftoor area of 2000n?

and up to foustoreys in height if the sprinkler system in the building has a fire
service alarm connection and the water supply can provide a leashé@s flow

at the design pressure for the sprinkler system. NEHAprovidesthe automatic
fire sprinkler system design requirements for-oaed twefamily dwellings and
manufactured homes. NFP&D has no limitations of floor area and number of
storeys for family dwellings.

Alarm — NZS4515, section 3.9 states thdEvery ingallation shall include a
“sprinkler operating” alarm and an evacuation alarm, except that for single family
dwellings the sprinkler operating alarm may serve both functions provided it can be
heard throughout the building. Such alarms shall be actuaieadrh of the
following devices: (a) Water flow detector; (b) Low installation pressure detector;’
The requirements for alarms, as stated in section 3.6 of NBBPA statesl'ocal
waterflow alarms with facilities for flow testing such as alarm devicesl] ble
provided on all sprinkler systems with the exception of dwellings or manufactured
homes having smoke detectors in accordance with NFEZPNational Fire Alarm
Code, shall not be required to be provided with a waterflow alarMZS 4515
states no ragrements for smoke alarms, whereby NFE3D assumes homes are
installed with domestic smoke alarms.

Clause 4.1.2 of the New Zealand Standard requires sprinklers to be installed in
concealed spaces such as cupboards and wardrobes. ISBP&#llows sprinkles

to be excluded from bathrooms of Bnf or less, cupboards or areas of the space
which does not exceed &, attics, crawl spaces and other concealed spaces that
are not used or intended for living purposes or storage plus sprinklers are not
requiredin entrance foyers that are not the only means of egress (Clatise 4
Location of Sprinklers).

The design discharge for sprinklers designed to the requirements of NFERA
requiring a maximum of two operating heads, is not less thdun&& for any
singleoperating sprinkler (Clausel1, NFPA13D:1995); the design discharge for
sprinklers designed to the requirements of MB35 is 10Q/min.

Sprinkler systems designed to the requirements of NEJEA allow dry pipe
systems to be installed in climates wdhere is potential for freezing. The
New Zealand standard allows only wet pipe systems, with antifreeze added to the
water where there is possibility of temperatures reaching below zero.
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5.1

* Requirements for sprinkler coverage, according to MZ55, varybetween rooms
of different use. NFPA3D works on a maximum area of coverage allowed for a
sprinkler head and minimum distances between sprinkler heads.

COST-EFFECTIVENESS

It is recognised that cost is one of the reasons for the lack of endorsemeshéstid
sprinkler systems. Coughlin (1999) states that the high cost of the systems can be
partially attributed to:

1. Accurate cost estimates for installing domestic sprinkler systems are not
available because very few sprinkler installers are in theedben market.
Projected costs for the system can be distorted by commercial overhead from
large commercial projects.

2. Requirements from local authorities and building regulators, such as backflow
prevention, water connection charges and building consesit éan add fixed
costs to the sprinkler system. It is possible that charges for bringing a water line
to a building may exceed the cost of the sprinkler system.

3. Absence of a competitive market due to a lack of installers. Experience in the
United Stateshas proven that with the establishment of a competitive market,
prices for the installation of a domestic sprinkler system can reduce by as much
as 50%, as shown by the Scottsdale case study (refer section 7.2).

CostEffectiveness of Domestic Sprinkler #stems

Research undertaken by BRANZ (Wade and Duncan, 2000), investigated the cost
effectiveness of domestic sprinkler systems installed in compliance with existing
standards.

The methodology for the cesffectiveness study followed that carried out byeBs

and Britton (1999) for the Building Control Commission of Victoria, Australia. The
study involved cosbenefit modelling to determine a dollar cost per life saved for the
installation of specified fire safety measures. The cost per life saved teasided by
calculating:

(installaton costs+ maintenanecosts savings
_ininjury costs savingsn propertylosses)

Cost per life saved _
expectechumberof livessaved

Each variable for the cost per life saved equation was derived from New Zealand Fire
Service statistics and commercial costs.

For each fire safety measure, a net present cost wadatedtby subtracting the net

present value of savings (such as injuries avoided and direct loss of property) from the
net present value of the purchase, installation and maintenance costs. The net present
value (NPV) per household for the fire safety nueasvas calculated using the formula:
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NPV = Z Net' yearlycost
& (1+discountrate)*

Where t = time (years)  n = number of years

For analysis, a nominal discount rate of 8% and an inflation rate of 2% was used for an
analysis period of twenty years. Where componefitshe safety measures had a
different working life, the replacement costs were incorporated at the appropriate time
during the analysis period.

The BRANZ costeffectiveness study carried out a ebenefit analysis for the
following fire sprinkler optios:

» A fire sprinkler system installed in a new dwelling to the requirements of
NZS 4515:1995 and the draft Standard DZ 4515/CD3.

» Afire sprinkler system retrofitted to an existing dwelling.

A low-cost threebedroom home was used as the design home forsphiekler
installations (refer Figure 8). The thrbedroom design home was used as
representative of a standard, lowast family home. It was assumed that the home is
located in the suburbs, with access to water services and public amenities sueh as fir
hydrants. The home is a single level dwelling constructed of timber frame with
corrugated galvanised steel roof, weatherboard exterior walls, aluminium windows and
interior lining of gypsum plasterboard walls with particleboard finished floors. Costs
for the fire safety measures were market valusitinprices provided by contractors.

19



4500 N A100

~§
[ 2318 1925 7G4y 1638 . 989 . 3208
9 - =

2779

#

6015

4
|§UT+“- —
2464
[FA 1Y

- B i

| - . B : . :
s | FS 1800 R/S ~ 16 ’ | )
= e | . m e e e e o e e e e —

& |~ DECK - .

. P : A= r\.;:l
%% 94 G4
4347 2 2987 5 J06 2865 o 1206 ELEVATION KEY
11300 o | GROUND FLOOR
HS880 - _ 12600 B s gﬂl;afagtgﬁ e

Figure 8: Floor Plan of Design Home
(Source— Wade and Duncan, 2000)

5.1.1Input variables
In order to evaluate the costidife saved, values for the installation costs, maintenance
costs, injury costs, property losses, expected number of lives saved and the rate of fire
incidents were required. The following describes the input ‘cost’ variables used in the
costbenefit amlysis by Wade and Duncan (2000):

* Installation costs

Installation costs for the sprinkler system were taken from quotes provided by sprinkler
contractors. The quotes were for installation of the sprinkler systems into the three
bedroomed design home,cawere based on the requirements of MB35:1995 (SNZ,
1995). Each pricing itemised costs for materials, labour and maintenance. Average
values from the prices were used for the input value of installation costs (refer Table 1).

 Maintenance costs

The anual maintenance was assumed to be undertaken by a sprinkler contractor. A
value of $635was used to cover annual maintenance inspections and replacement of
parts.

Table 1 is a summary of the installation and maintenance input values used for-the cost
benefit analysis.
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Table 1: Installation and Maintenance Input Values

Option Design, Installation ~ Connection to Annual
and Material Costs Street Mains Maintenance and
$) Survey Costs ($)

Installed in new
dwelling to

requirements of
NZS 4515:1995

6500** 200 635

Installed in new
dwelling to
requirements of
DZ 4515/CD3
(Draft NewZealand
Standard)

4070 200 280

**includes residential valve set ~ $3000 (source- Wade and Duncan, 2000)

Assumptions made for the input costs in the analfsi the domestic sprinkler system
installed to the requirements of N2515:1995 (SNZ, 1995) were:

Analysis period for the study of 3@ars, with a sprinkler system life of §8ars.

The sprinkler system is not connected directly to the Fire Service.

Annual maintenance is undertaken by a sprinkler contractor at a cost of $350.

The sprinkler system is required to have an annual survey at a cost of $285.

There is a water connection fee charged by the territorial authority of $2300 for a
retrofit sprinklersystem only. It is assumed the domestic water connection charge
for a new home would incorporate the sprinkler connection, with an additional $200
cost for the upgrade of the water main to compensate for the additional water

demand required by the spriekisystem.

The system does not incorporate a separate backflow prevention device. Backflow
prevention is provided by the check valves in the sprinkler valve set.

It is assumed that the dwelling is supplied with adequate water pressure, hence no
pump is rguired to boost the pressure for the sprinkler system.

The following describes the methodology for deriving the costs for injury, property loss,
the expected number of lives saved and the rate of fire incidents:

Injury costs

Beever and Britton (1999) assed a value of A$21,100 as the cost per fire injury. This
included pain and suffering, patient and visitor transportation, and estimated lost
earnings.
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Earlier costbenefit studies from the U.S. (Ruegg and Fuller, 1984) used281080.
This U.S. studywas also the basis for the studies done by Rahmanian (1995) and
Strategos (1989).

A value of $30,000 for the average cost of a fire injury was used in this study which is
similar to the Australian value after accounting for exchange rates and inflation.

» Property losses

The value for property losses per household per fire was determined to be $17,200 with
no sprinkler system or alarm present, and $3,000 with a sprinkler system present.

Data supplied by the Insurance Council of New Zealand (Gravestock) ih@i&ated
that the average fire insurance claim over a recent 12 month period to be $13,300. This
comprised both contents ($4,700) and building ($8,600) claims. However, the extent of
smoke alarm or sprinkler coverage (if any) associated with thaseschaas not known.

Rahmanian(1995) analysed New Zealand insurance data applicable between 1990
1994. He estimated that the average property loss due to domestic fires in New Zealand
to be $74 million per year. Assuming the average number of reportetusér fires in
domestic buildings to be 4668 fires per year (Irwin, 1997) gives the average property
loss per fire as approximately $16,000.

From the analysis of Scottsdale data of property loss in sprinklered houses taken over a
tenyear period, the avage value for property loss was found to be 3U®0 (Home

Fire Sprinkler Coalition, 1997). A sprinkler system installed in a New Zealand home is
assumed to reduce the amount of property loss caused by fire to $3,000.

» Expected number of lives saved

The number of deaths per 1000 house fires in the absence of any fire protection system
was estimated to be six. The presence of a sprinkler system was taken to reduce this
death rate to 1.2 deaths per 1000 house fires (Wade and Duncan, 2000).

» Expected numbeof injuries

The expected number of injuries per 1000 house fires in the absence of any fire
protection system was estimated to be 40. The installation of a domestic sprinkler
system is assumed to reduce the number of injuries to 15 per 1000 fires (Vdade an
Duncan, 2000).

* Rate of fire incidents

New Zealand Fire Service statistics show that over theyiae period from 1993 to

1997, the average number of fires in -oma@d twefamily dwellings each year was
5,967. Assuming the average number of dwellitggbe 1,318,800 over the same
period provides an estimate of 0.0045 reported fires per year per household. This rate
includes structure and natructure fires.

Irwin (1997) also analysed New Zealand Fire Service data for the period 1986 to 1994,
and de¢rmined the average number of reported structure fires in domestic buildings (1
2 family dwelling and apartments, flats) to be 4668 per year. Based on an average
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number of dwellings of 1,152,000 over that period provides an estimate of 0.0041
reported fies per year per household.

Therefore, a fire incident rate of 0.004 fires per year per household is used in this study
based on current New Zealand data from NZFS Statistics 19938 and Irwin’s (1997)
analysis. Although higher than the equivalent Aal&tn data, this is still expected to
provide a conservative estimate of the actual fire incident rate due to the number of fires
that are discovered and extinguished without a call to the Fire Service.

5.1.2Results
Results of the BRANZ cosdffectiveness stly were consistent with the findings of the
Australian study (Beever and Britton, 1999); domestic sprinkler systems, constructed to
current standards, are not ceffiective at a cost per life saved calculated to be around
$35million (refer Table 2).

Prices quoted for the sprinkler systems installed in the design home ranged from around
$6000to around $10000. Items which contributed significantly to the cost of the
system were the valve set and ongoing costs for maintenance and inspection.

Table 2: Results of Sprinkler CostBenefit Analysis

Option $cost/life saved

Sprinkler System | Installed in new dwelling to requirements | $35 million
NZS 4515:1995

Installed in new dwelling to requirements | $18million
DZ 4515/CD3 (Draft NewealandStandard)

(source- Wade and Duncan, 2000)

5.1.3Incentives
To encourage the wider use of domestic sprinkler systems, incentives are required. The
Residential Fire Safety Institute of the United States (Residential Fire Safety Institute,
1999) idetifies two types of incentives to encourage the use of domestic sprinkler
systems. The first is economic, such as-ioterest loans; the second is design
alternatives like reduced compartmentation requirements or longer distances to exits.
Design alteratives have also been called tradeoffs and are used in commercial
applications when there is a sprinkler system installed.

Incentives which would encourage the homeowner to install a domestic sprinkler
system include:

Reduced insurance premiums, reducesl iésistance ratings, no separate water
meter for the sprinkler system, no charge for the connection of the sprinkler
system to the water mains, check valves instead ofplessureprinciple
backflow preventer, property tax (rates) reductions, reducirggallation
labour costs, placing the onus of maintenance on the homeowner instead of
requirements for specialist maintenance inspectors.

On a town planning scale, if all private homes had sprinkler systems installed, there
would be the potential for thelfowing cost savings:
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* Increased density of housing, greater fire hydrant spacing, longer access road
distance, longer distance from fire stations, reduced access to building sides,
narrower streets, longer edésacs, reduced turnaround radius, reduced f
fighting water supply requirements.

« Most of the town planning issues relate to reviewing the access and facility
requirements for the fire service. These town planning issues are exemplified by
the case studies in the UnitSthtes where towns have veédoped legislation
making the installation of domestic sprinkler systems compulsory.

Town planning incentives would become attractive to the homeowner if the reduction in
community spending on fire safety and protection, filtered down to them. The cost
savings could be reflected in reduced rates or the increased quality of community
provided services.

5.1.4 Recommendations
Investigation of domestic sprinkler systems installed to current standards in
New Zealand homes shows costs are too high to achieve gesmreptance, but
potential exists for a reduction in costs and an increase in installéBBASNZ, 1989).

The costeffectiveness study identified areas where there are options available to reduce
the cost of the domestic sprinkler system. Potential s8hg measures manifest as
economic and design incentives.

Basic principles of economics indicate that economies of scale will help with the
reduction of the cost of domestic sprinkler systems. The more demand for the products
and services associated kvitlomestic sprinkler systems, the more competitive the
prices will become. On the town planning scale, requirements for domestic sprinkler
systems will reduce the funds required for providing access and facilities for the Fire
Service.

The results from t costbenefit analysis show that domestic sprinkler systems installed

to current New Zealand standards are not-effsttive. Reinvention of the approach
towards domestic sprinkler system codes, standards and installation is required in order
to make tle systems more cosffective.
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6.1

DOMESTIC SPRINKLER SYSTEMS

Definitions

The following are key definitions used for domestic sprinkler systems. The definitions
originate from NZ3$1515:1995, the Newealand Standard for the installation of fire
sprinkler sgtems in residential occupancies and private dwellings (SNZ, 1995), and
will help clarify references in the text to the components of the sprinkler system.

A sprinkler installation is defined dthat part of the system downstream from and
including the man stop valve.” A sprinkler system is system including:

(@) The water supply pipes from the boundary of the protected premises to
the sprinkler valves;

(b) Any static water supply on the protected premises;

(c) Any pump providing water supply and its driving emgimotor and
control equipment;

(d) The control valves and all appurtenances thereto;
(e) The main stop valve antiterference devices;
() Any fire alarm signalling device;

(9) All pipework, sprinklers and appurtenances downstream of the control
valves;

(h) First aid fire fighting appliances;
(i) Any fire rated wall, door or partition required by this Standard.’

Of primary importance to the sprinkler system are the sprinkler heads. Sprinkler heads
are required to be listed. Listifgheans that such (specific makes and moaéls
equipment, materials, procedures, organizations and facilities required or permitted by
this Standard) has been examined by the authority having jurisdiction and found to meet
relevant standards and/or has otherwise been demonstrated to be adequtte for
intended application. Listings are limited in effect to the tenor and qualifications of the
listing document issued by the authority having jurisdiction and cease to have effect
from the date that the authority having jurisdiction issues any signeidenof
withdrawal of listing.’

Particular sprinkler heads have been manufactured for specific use in the residential and
domestic situation. A residential sprinkler head differs from a quick response sprinkler
head due to the higher than usual sprayepatt NZS4515 defines a residential
sprinkler as,an automatic sprinkler head designed and listed as a residential sprinkler
for the protection of residences and featuring a very low response time index and a
higher than usual discharge trajectory.’

There are applications in the domestic situation for:
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Standard response sprinkler heada sprinkler of spray pattern, conventional pattern
or sidewall pattern of 1@hm or 15mm nominal bore in which the operating element
will produce a response time indekgreater than 20&*%sed’? (110m*%sed’?).’

Intermediate response sprinkler head& standard response sprinkler in which the
operating element has been replaced by the original manufacturer with an oPerating
element that will produce a responséme index of 80 to 200 ‘fsec”

(4410 110m“*sed?).’

6.1.1 Sprinkler heads
Sprinkler heads, which respond automatically to the heat generated by a fire, have been
designed uniquely for the domestic situation. Sprinklers with a residential listing differ
from normal quick response heads due to their spray pattern. The residential heads
direct water high on the walls instead of the typical ‘umbrella’ spray pattern (Coughlin,
1999). The spray pattern was developed to ensure coverage of walls and adtimgs,
constructed of combustible material.

The New Zealand Standard, NZS515:1995 (SNZ, 1995), specifies residential
sprinklers for use in the domestic situation. The argument used for specifying
residential sprinkler heads by the New Zealand Standaas follows:

» Firstly, the amount of smoke and toxic gases produced by the fire is typically well
below life threatening threshold levels.

» Secondly, the amount of heat produced by the fire is smaller and less water is
needed to cool the fire. This provédsubstantial cost benefits by way of reduced
pipe sizing, easier installation and smaller system water demand. In many cases, it
will be possible to use the domestic water supply to feed the system.

Quick response residential heads can have respanss &s low as 2B80seconds.
According to the BRANZ information bulletin on domestic sprinkler systems (BRANZ,
1989), the effectiveness of the quick response residential heads is based on having a
thermal link with a larger surface area (to absorb heatfaster rate) and a lower mass

(so less heat needs to be absorbed), so that they activate quicker than standard heads.
The speediness of the response provides the occupants with additional time to escape.
The sprinkler heads are required to be liste@risure they respond as required for the
domestic situation.

New domestic sprinkler technology are the-adfi sprinkler heads. At approximately
eight times the cost of standard qurelsponse residential sprinkler heads (Mak, 1999),
the “onoff” sprinkler heads do not add to the ceffiectiveness of the system. What
the “onoff” heads provide is control and moderation of the amount of water supplied to
the fire.

The “onoff’ sprinkler head is activated when the temperature of its bimetallic disc is
exceeded; the disc will reverse its curvature and allow -tlimough the sprinkler.
When the temperature around the sprinkler decreases to approximat€ly t88
curvature of the disc reverses and shuts off the-floaugh the sprinkler (Beever and
Britton, 1999).
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The “onoff” heads provide the option to exclude the sprinkler alarm which activates by
sensing flow in the system. The “off” sprinkler heads would mean that the system
would not necessarily be required to be monitored. The advantagengramsioroff”

style sprinkler head is particularly for buildings which are unoccupied at the time of the
fire. The use of the automatic switch off would reduce the amount of water damage
caused by sprinklers discharging in the unoccupied building.

6.1.2 Piping
The use of plastic piping, as opposed to steel or copper piping, has influenced the cost
of the domestic sprinkler system. Plastic piping costs less and has been proven to be
more versatile, particularly for use in retrofitting sprinklers for an existorge.

The versatility of the plastic piping system originates from the pipe’s flexibility and
jointing characteristics. The flexibility of particularly polybutylene pipe, has aided
installation as smaller holes are required in the existing structuresttiop the pipe.
Plastic fittings are used for joining the system and plastic welding or simple gluing can
be used to weld pipe lengths together.

Hydraulic calculations are influenced by the roughness coefficient for the plastic piping.
The plastic pipig is smoother than the metal and hence for the same water pressure and
pipe diameter, more water can flow (BRANZ, 1989).

New Zealand Standards (SNZ, 1995; SNZ, 1:895approve polybutylene (PB) and
chlorinated polyvinyl chloride (cPVC) for use in domestrinkler systems. Again,
the pipe work is required to be listed before certification of use.

6.2 Multi -Purpose Sprinkler System

6.2.1 Cost reductions
A multi-purpose sprinkler system shares the same pipe as the domestic plumbing
system. Using the same pipe fatlp systems means less pipe and less fittings. The
sprinkler heads are designed to operate from the pressures of the domestic water supply.

The biggest cost saving the myptirpose sprinkler systems offer is the deletion of the
backflow prevention deviseand control valwset from design requirements. The
purpose of the backflow prevention device is to prevent the stagnant water in the
sprinkler system from backflowing into the potable water supplied by the mains
(Coughlin, 1999). In the BRANZ cosfffectiveness study (Wade and Duncan, 2000),
the backflow prevention device included in the valve set, contributed approximately
$300 to the total cost of the sprinkler system. Exclusion of the backflow prevention
device would contribute towards making tipeiskler system more cosfffective.

With the sprinkler system incorporated into the house plumbing, there is potential for
plumbers or trained professionals to install the system (Coughlin, 1999). Installing the
sprinkler system in conjunction with tlstandard domestic plumbing would also reduce
the costs for piping and fittings.

The multipurpose system alters the maintenance requirements for the sprinkler system.
Faults within the system would be more readily identified as there would be a tonstan
flow of water through the piping. Current maintenance requirements from the
New Zealand Standard for domestic and residential sprinkler systems4HAS1995,
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require sixmonthly and annual checks of the system. These checks involve routine
maintenane such as pressure checks and alarm activation, and are undertaken by
sprinkler contractors. The BRANZ cesffectiveness study identified maintenance
requirements as costing approximately $635 annually (Wade and Duncan, 2000). The
annual fees for maint@nce are a disincentive for the homeowner to install a sprinkler
system. For the case of the mydtirpose system, an initial certificate of compliance
could be issued at completion of the sprinkler installation, and further official
inspections left tahe discretion of the homeowner.

6.2.2 Design requirements
Adaptations to parts of the staatbne sprinkler system are required in order for the
multi-purpose system to provide the same amount of protection from fire.

Since multipurpose systems share tla@ne pipe as domestic plumbing, a normal flow
switch would trigger an alarm whenever hiiiiw plumbing fixtures were opened.
Flow switches would not be an appropriate mechanism to activate the sprinkler alarm.
It could be possible for a smoke alarm tmpde the early warning of the fire, in
replace of an alarm activated by flow in the sprinkler pipe system. The smoke alarm
would alert occupants to a fire so a flow switch could be eliminated. Coughlin (1999)
indicates that some homeowners want a flastch so their home can be monitored in
their absence. In this case, the installer can set the delay mechanism in the flow switch
for a time period longer than a normal flow. The switch could also be placed on a
security system so that it can be actidatghen the homeowners are not home
(Coughlin, 1999).

An independent fire sprinkler shaff valve would not be available for the multi
purpose sprinkler system. The control valve for the domestic water supply would need
to be accessed for sprinkler comtend shutoff. With the water supply for the
sprinkler system linked to the domestic supply, the possibility of unintentionabfhut

of the water supply is reduced and therefore reliability is improved.

The American Fire Sprinkler Association (AFSA)fat a guide to ensure multi
purpose sprinkler systems are installed correctly (SprinklerNet, 1999). The purpose of
the guide is to provide a structure for the mpiirpose sprinkler installation and to
identify some of the differences between a stalbde, dedicated sprinkler and an
multi-purpose sprinkler system. NFRARD:1999 provides minimal guidance on the
installation of multipurpose sprinkler systems, with this guide building on the
NFPA 13D requirements (SprinklerNet, 1999). The mplirposesystem must provide
automatic sprinkler protection in all areas as required by NERA1999; design
requirements for the number of sprinkler heads remains the same as that for a
conventional standlone sprinkler system.

The AFSA states that the fire gpklers are the driving system for the initial pipe layout
since it presents the greatest water demand, is a life safety system for which sprinkler
locations are critical, and must be supported by hydraulic calculations (SprinklerNet,
1999). The sprinklesystem must be designed before the domestic plumbing system.

With the sprinkler system incorporated into the domestic plumbing system, alterations
to the plumbing system may compromise the design of the sprinkler system.- Multi
purpose sprinkler systemstime UnitedStates are required to be labelled with:
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6.3

‘This is a multipurpose fire sprinkler system, no modifications should be made to the
plumbing or fire sprinkler system without contacting a qualified contractor’
(SprinklerNet, 1999).

Multi-purpose fie sprinkler systems in the Unit&dates are not required to be directly
connected to the Fire Service (SprinklerNet, 1999).

Flow-Through Sprinkler System

A flow-through sprinkler system functions on similar principles to the fpulpose
system. Accoraig to information published by the City of Burnaby Building
Department in the United States (1999), flow in the ftovough sprinkler system is
achieved by taking a connection from the most remote sprinkler head in the system and
extending the piping toesve the toilet. Potable water is allowed to fidwough the

main sprinkler distribution piping each time the toilet is flushed. With fresh water
flowing through the system, the degree of backflow hazard is reduced, thereby allowing
the use of a simplefless expensive back flow device in place of the double check valve
assembly. The flovthrough system is provided with a vatype water flow indicator
alarm which will activate when the water flow rate exceeds a certain rate, indicating that
a sprinklerhead is activated.

Unlike the multipurpose sprinkler system, the flatwough system has its own unique
set of piping. The system is not incorporated into the piping network for the domestic
plumbing system. Water flows from a separate mains supplysasictulated through

the system every time the toilet flushes.

Like the multi-purposesprinkler system, the flosthrough system eliminates many of
the maintenance requirements.

The flowthrough system is potentially more expensive thamtuki-purposesprinkler

system due to the staadbne piping network, but because of the potential for relaxed
maintenance requirements and reduced installation costs, there are possibilities for the
flow-through systems to further reduce the cost of domestic spraydems.
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7.1

7.2

CASE STUDIES
Domestic Sprinkler Legislation

The United States is proactive in adopting legislation making domestic sprinkler
systems compulsory. San Clemente and Corte Madera, California were some of the
first communities in the United States énact a home sprinkler ordinance (USFA,
1998A). Communities that have initiated or plan to initiate residential sprinkler
ordinances include: Livermore, California; Sarasota, Florida; Long Grove, lllinois;
Chapel Hill, North Carolina; Germantown, Teawmsee; Cobb County, Georgia;
Altamonte Springs, Florida; Scottsdale, Arizona (USFA, 1898

The United Kingdom also has trials investigating the effectiveness of domestic sprinkler
systems. A project, organised by the West Wiltshire Residential Sprip&terership,
involved installing a sprinkler system in each of 212 new houses on the Studley Green
estate in Trowbridge, Wiltshire. The project aims to demonstrate the effectiveness of
residential sprinkler system and hopes to provide evidence to endaises that
sprinkler systems be made compulsory in houses in multiple occupations (Fire
Prevention, 1999).

Scottsdale Case Study

The process for adopting compulsory requirements for domestic sprinkler systems in
Scottsdale, Arizona was initiated by pempln the fire protection community
understanding that there is not only one single method of protection that can provide the
answers to all the variables associated with providing effective fire protection (Home
Fire Sprinkler Coalition, 1997).

This sequece of events looks specifically at the community of Scottsdale and the steps
used to research, adopt, implement and evaluate the benefits to the community from
compulsory installation of domestic sprinkler systems.

Some background information for the citf Scottsdale is as follows (Home Fire
Sprinkler Coalition, 1997):

 The City of Scottsdale is located in Central Arizona in the UrStates and is a
member of the greater Phoenix Metropolitan area.

» The population of the city in 1985, when the sprinklelirmance was adopted, was
107,000 and ten years later in 1995, the population of the city was 164,090
attributing to a 54% population increase in ten years.

» The city area encompasses 18&jbare miles (473 square kilometres).

» The fire services are contradtwith Rural/Metro Fire Department operating 9 fire
stations, with 120 fultime staff of which 65 are paramedics and 19 are fire
prevention staff. The fire prevention activities include all aspects of public
education, fire prevention engineering andarplreview. The prevention
responsibilities also ensure code compliance inspections for all new construction
and existing occupancies.
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The Scottsdale study identified six major areas that should be evaluated to better
address the issue of fire loss in theited States:

1. The need to place more emphasis on fire prevention.
2. The fire service needs better training and education.
3. Americans must be educated about fire safety, in both design and materials.

4. The environment in which Americans live and work presemisecessary
hazards.

5. The fire protection features in buildings need to be improved.
6. Important areas of research are being neglected.

7.2.1 Sequence of events
From the inception of the idea to adopt requirements for domestic sprinkler systems, it
took around 1@ears to develop the law and implement it. Between the years of 1974
and 1995 there were many milestones that illustrate the process of designing, adopting
and assessing the effectiveness of compulsory domestic sprinkler systems.

SEQUENCE OF EVENTS

SCOTTSDAE RESIDENTIAL SPRINKLER PROJECT- Saving Lives, Saving
Money Automatic Sprinklers a 10 year study (Home Fire Sprinkler Coalition, 1997).

In September 1974 the city of Scottsdale enacted its first major sprinkler code. City
Ordinance #829 adopted the7BUniform Fire Code and amended the document to
require automatic sprinkler protection for any structure that was larger than 7500 square
feet or three storeys in height. At the time the ordinance was passed it was one of the
most advanced in the Unit&lates.

The ordinance development was based on two primary beliefs:

1. The understanding within the fire protection community that automatic sprinkler
systems have been extremely effective in controlling or extinguishing fires.

2. The realisation that in spitef ahe best efforts of a community, large fire
incidents often exceed the capability and available resources of the local fire
service. These major incidents negatively impact the emergency service levels
of a larger geographic area for an extended perfididne.

In 1977, Scottsdale was first introduced to the residential sprinkler concept when the
Fire Chief of San Clemente, California requested the Fire Chief of Scottsdale be present
when the San Clemente residential sprinkler ordinance and protectmept was
presented to its City Council. Several other recognised leaders in the sprinkler
protection field were in attendance of the Council meeting to provide assistance and
support. Specifically, their support was related to identifying the advaniage
disadvantages of buiih fire protection. When the Fire Chief of Scottsdale returned
home from the San Clemente Council meeting, the task of developing a comprehensive
sprinkler ordinance for the City of Scottsdale was assigned to the City’s kishd.
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It was decided that in order for the implementation of a law to make domestic sprinklers
compulsory, there were critical issues that still needed to be addressed. The critical
issues identified were:

1. Some additional real life scenario testing bé tnew sprinkler technology
would need to be established;

2. Further development and research of the design freedom concept for sprinkler
systems to help address the economic impact of thisibyhotection.

It was recognized that in the late 1970’s andye#980’s all the testing of domestic
sprinkler systems had been conducted in the controlled environments of testing
laboratories or in buildings of little value that were scheduled for demolition.

In 1982 a plan was developed to test the various typessadential systems in new
singlefamily homes. The objective of the tests were:

* to combine the results of many years of study and experimentation into
one conclusive test and summary of the residential sprinkler concept;

» to complete actual, real lifes#ng on the current fasesponse sprinkler
technology;

» to study the actual costs associated with the application of this technology
for installation and effectiveness;

» to provide a conclusive test that indicated the potential benefits for life
safety byplacing participants in the rooms of origin for two of the initial
tests.

The tests were used to establish life safety and property protection benefits that could be
obtained from compulsory installation of domestic sprinkler systems, and to prove that
thenew sprinkler technology was effective.

In conjunction with the sprinkler tests, research into identifying ‘design freedoms’ was
being undertaken. Contacts with communities such as Cobb County, Georgia, who had
successfully developed laws for compulsorstallation of domestic sprinkler systems,
gave insight into how to make the sprinkler ordinance for Scottsdale more cost
effective. The focus of the research was to identify which of the passive development
code guidelines could be changed or modifiechélp reduce the initial cost of the
required sprinkler protection.

As a result of the research, the following ‘design freedoms’ were identified:
« Density increase of 4% for single family communities was initiated.

* Reduction in residential street width rino32feet (10 metres) to 2eet
(8.5 metres) was approved.

¢ Cul-desac lengths were increased from &€t (183metres) to 2,006eet
(610metres).
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* For commercial development, the 3®gree access requirement for fire
apparatus was eliminated for fullgrinklered structures.

* In the building code, the requirement for one hour construction was
eliminated for singleand multifamily dwellings.

» The standards for rated doors separating single family homes from garages
was also eliminated.

The most substantiampact for cost reduction of the sprinkler system was found to be
in the Scottsdale water resources department:

Fire hydrant spacing was increased from &84 (100metres) to 70@eet
(213 metres) for sprinklered commercial and mégtimily developmerst

The required fire flow demand for structures was reduced by 50%, and resulted
in a typical one step reduction in water main size.

These changes also resulted in the ability to provide smaller water storage tanks. An
additional feature included with thwater resource issue, was the ability to use
reclaimed or “grey water” to provide supplies for the fire protection systems in
commercial structures where community potable water systems were inadequate.

On June 4, 1985 the Scottsdale Sprinkler Ordinahté09 was adopted for the
community and was fully implemented on January 1, 1986. Effective July 5, 1985, all
new multifamily and commercial structures for which building permits are issued will
be sprinklered. The ordinance also requires that, efeed@nuary 1, 1986, all new
singlefamily residences for which building permits are issued be sprinklered.

7.2.2Ten years of domestic sprinklers
Using the guidelines from 11 different local home designs, an average house was
developed. The average home was usedssess the costs for installing the domestic
sprinkler standard. The average house was taken to be s@@f@foot (186square
metre$ singlefamily home. The two primary areas this study focused on were the total
costs and allowed design freedofos both onsite and offsite changes. The findings
of the 1986 study undertaken by Re&mar (Home Fire Sprinkler Coalition, 1997),
indicated the total costs would be $W34 per square foot ($US12.27 per square
metre) to install a domestic sprinklsystem in a new 2008juarefoot (186 square
metrg Scottsdale home. The design freedoms that were included in the ordinance
equalled a per house savings of $188.52 for orsite construction tradeoffs and an
additional $USL951.55 for offsite adjustmes. When these ordinance design
freedoms were included, the total costs of the residential system were estimated to be
$US157.24 per installation to the builder and approximately 8UE27 per home to
the buyers.

Points of interest from the tgrear staly include:

 The population of the city increased by approximately 50% over thgetan
period, with the number of houses increasing the same proportion. Interestingly,
the area of the city did not expand, remaining at siRgaremiles (474 square
kilometres).
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» Despite the significant population increase, the proportion of the city budget spent
on the fire service remained almost constant over thegedan period, increasing
less than one percent in ten years.

« The number of fire stations remained at six foe first seven years from the
adoption of the ordinance even though the population was increasing. The number
of fire stations increased from six to eight in the ten years.

» Sprinklers did not influence the amount of fire incidents, but they did have a
significant impact on the amount of fire losses. The value of fire losses has an
overall downward trend from 1985 to 1996.

In 1995, ten years since making domestic sprinkler systems compulsory for all new
homes built in the city of Scottsdale, Arizoniae tfollowing are significant impacts the
increased fire protection has made to the community:

* Over the ten years, the automatic sprinkler systems had a direct role in saving eight
lives and there has not been a fire related death in any sprinklered yaropert

» The potential structural fire loss was dramatically reduced for sprinklered incidents.
The average fire loss per sprinklered incident in residential structures was only
$US 1,544 compared to a naprinklered average loss of $U%,624 (a reduction
of 87%).

 The cost economics associated with bmil{protection can be addressed through
design freedoms without negatively impacting fire suppression effectiveness.

« The impact and installation costs have been reduced dramatically, from
$US 1.14sqft (US 12.27 per square metre) to $059sqft ($US6.35 per square
metre), a close to 50% reduction in cost.

 One or two heads controlled or extinguished the fire 92% of the time, with the
majority of the exceptions as a result of flammable liquid incidents.

« Edimated water flows were substantially reduced for the community.

* When the city finally reaches its full growth potential, it is estimated that it will be a
community with over 300,00@sidents and more than 65% of the residential
homes and 85% of comm@ktproperty protected with automatic sprinkler systems.
Scottsdale has been able to achieve such success in gaining coverage of domestic
sprinklers in the community due to the rapid growth of the city.

Domestic Sprinkler Activation

Media reports illustaite graphic details of domestic fires and fatalities. More recently,
due to the New Zealand Fire Service campaign to promote domestic smoke alarms,
there have been reports of the success of smoke alarms at saving lives, but the reports
still show picturesof property damage. Very rarely are there reports telling of where
domestic sprinklers have successfully protected life and property. The lack of reports of
the success of domestic sprinkler systems in New Zealand homes is possibly due to the
small numier of installed systems.
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To emphasise the effectiveness of domestic sprinkler systems, reports of their success
are published. Reports show pictures of how a sprinkler head can contain a fire and
contrast this with the damage caused if the home weresprotklered. The reports
describe how efficient sprinklers are at containing and extinguishing the fires.

In all cases, the argument for the installation of domestic sprinkler systems becomes
emotive. Statements such as:

‘You do have a choice a puddleof water or a pile of ashes’ (Sprinkler success stories,
1997-B).

‘Had there been NO sprinklers, the outcome of this fire could have been worse
including the loss of one’s most valued possessions ........... human life.” (Sprinkler
success stories, 199Y)

Smdke alarms are generally accepted as a form of early warning from a fire; they are
relatively inexpensive, easy to install and maintain, plus they have a proven record of
success at effectively warning occupants of fire. The argument for the inclusion of a
domestic sprinkler system is that, with only a smoke alarm installed, the occupant must
have the skills, knowledge and ability to escape the structure on their own (Home Fire
Sprinkler Coalition, 1997). A domestic sprinkler system would provide suppnessi

well as early warning.
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8.1

EXPERIMENTAL DATA FR OM RESIDENTIAL SPRIN KLER
TESTS

The literature search provided a variety of comprehensive experiments which
investigate the performance and benefits of residential sprinklers. The following is a
summary othe relevant experiments.

Experimental Data

Reference: Notarianni, K. 1993. Measurement of room conditions and response of
sprinklers and smoke detectors during a simulated twded hospital patient room
fire. NISTIR 5240, Gaithersburg, MD.

A series of expriments was reported in which a wood crib was burned in a simulated
two-bed hospital patient room in order to measure the activation times of various types
of quick and standardesponse sprinkler heads and smoke alarms. The fire was
selected to be of small enough size to challenge the tenability of the space by burning
for a long enough period to allow the accumulation of smoke and gases before the
temperature beneath the ceiling was sufficient to activate the sprinklers. It was
determined that a 6RW steady state fire with the door closed posed the greatest
challenge to the tenability of the space. The gas temperature at the time of sprinkler
activation for the quick response sprinklers was at or below 77°C at a height of 5 feet
(1.14metres) abovehe floor, and at or below 48°C at a height of 3 feet rfie#*es)

above the floor. Of the parameters measured, temperature was the best indicator of
tenability. Sprinklers in all locations tested actuated before this nominally 60 kW fire
would threatenthe patient’s life, except in the case of a shielded fire test, where
sidewall sprinklers operated after the life safety criterion in the computer model
HAZARD 1, with regard to temperature, was exceeded. lonisation and photoelectric
smoke alarms in allocations, for all fire scenarios conducted, alarmed before the
patient’s life would be threatened.

The outcomes from these fidtale tests were used as validation of the outcomes from
the computer model BRANZFIRE (Wade, 1996; Wade and Barnett, 1997; & ade
1997; Wadel1999) (refer Section 11).
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Reference: P. Beever and M. Britton. 1999. Research into cesffective fire safety
measures for residential buildings. Centre for Environmental Safety and Risk
Engineering, Victoria University of Technology,Australia.

An experimental series was designed to examine sprinkler and smoke alarm
effectiveness in Building Code of Australia Class 1 buildings. Class 1 buildings are
classified as follows (ABCB, 1996):

One or more buildings, which in association ¢itnte —

(a)Class 1a& a single dwelling being
() adetached house; or
(i) one or more attached dwellings, each being a building, separated by a
fire-resistingwall including a row house, terrace house, town house or
villa unit; or
(b)Class 1b- a boarding housguest house, hostel or the like with a total floor
area not exceeding 300 and in which not more than 12 persons
would ordinarily be resident;

which is not located above or below another dwelling or another Class of building
other than grivate garage

Nine full-scale experiments were conducted in a burn room designed to represent a
typical domestic lounge room, being approximately 20 m fire load comprising of
mixed plastics and timber to produce a “fast” fire growth rate. The fuel load was
approiimately 30 kg/m wood equivalent. The door to the room was open during the
experiments. Fasesponse domestic sprinklers with a response time index in the range
22 to 33 (msy?were used, except for one test where an on/off sprinkler was used. The
experiments showed that tenable conditions could be maintained with a 20% reduction
in the current domestic sprinkler discharge requirements (to Australian Standards) and
with an increased spacing of sprinkler to wall distance.

Reference: Sekizawa, A., Takewto, A., Kozeki, D., Yanai, E. and Suzuki, K. 1997.
Experimental study on fire hazard of residential fires before and after sprinkler
activation. Thirteenth meeting of the UIJNR Panel on Fire Research and Safety
March 13-20, 1996. Volume 2. National Institte of Standards and Technology,
Gaithersburg, MD.

Fire experiments were carried out in afathle room (3.8 m x 3.6 m x 2.4 m), assumed

to be a residential living room. Ventilation conditions and the location of a 20 kg wood
crib fuel source were vade Concentrations of oxygen and carbon monoxide, smoke
density and temperature were measured. The activation of residential sprinklers
(operating temperature =@ (and other fire detectors) was investigated.

When the fire source was placed in theteenf the room, the response of the sprinklers
were quick and the fire was extinguished early. The CO concentration wapr200
before sprinkler activation and 5@pPpm afterwards. Another test was done with the
sprinkler and fire source horizontally sét to be the most unfavourable configuration.

In this experiment, the sprinkler activatedmihutes after ignition and the water
discharge controlled the fire. However, when a door to the room was opened
15minutes after ignition, the fire started toogr again. This indicated incomplete
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combustion even after the sprinkler operated. CO gas concentration rose drastically
following the activation of the sprinkler. It was 2088m at 13 minutes after ignition,
and 350(pm at the end of the experiment.

This confirmed that in some unfavourable cases for the activation of sprinklers, a person
inside the room of origin could be exposed to untenable conditions.

Reference: Budnick, E. 1984. Estimating the effectiveness of statkethe-art
detectors and autenatic sprinklers on life safety in residential occupancies.
NBSIR 84-2819. National Bureau of Standards, Washington, DC.

Budnick reviewed the results of fitdtale tests and the statistics on residential fire
fatalities from the NFIRS database. He claimbat approximately 280% of the
fatalities in residential occupancies appeared unsavable by current (1984) smoke alarm
or sprinkler technology. These fatalities occurred primarily because of intimate
exposure of the person to the fire, or exposureverarapidly developing shielded fire.

In both cases, he claimed that hazardous conditions frequently occur prior to smoke
alarm or sprinkler activation.

Criteria for hazardous levels of gas temperature, carbon monoxide, oxygen and smoke
density were gien as:

Temperature > 10fC

Carbon monoxide > 8000 ppm or 50% COHb
Oxygen < 12%

Smoke density > 0.26.50 OD/m

Reference: Kung, H et al. 1980. Sprinkler performance in residential fire tests,
prepared for Federal Emergency Management Agency, US Fire Adimistration,
Factory Mutual Research, Norwood, MA.

Full-scale sprinkler system testing indicated that for many residential fire scenarios,
suppression was initiated before conditions hazardous to life safety were reached.
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Reference: Kung, H et al. 1982Field evaluation of residential prototype sprinkler
— Los Angeles Fire Test Program, Factory Mutual Research, Norwood, MA.

Tests were conducted in a large tstorey dwelling that was instrumented to measure

the development of hazardous conditions in ribems and along the escape routes.
Data were collected on gas temperatures and toxic gas production both before and after
sprinkler activation. Peak levels for temperatures, carbon monoxide and oxygen
concentration at eye level indicated that hazardouaslitons were not reached in the
room of origin, at the top of the stairs, or in the bedroom on the second floor for either
smouldering or flaming upholstered furniture fires initiated in the living room. The
residential sprinkler responded before hazasdmnditions were reached.

The results from the living room upholstered chair fires were typical of the performance
of the residential rapidesponse sprinklers for most of the other scenarios tested, except
for a flaming fire in an unsprinklered waik closet in a bedroom and a smouldering

fire in a closed bedroom. In the case of the unsprinklered closet, hazardous conditions
were substantially exceeded in the bedroom, along the escape path and in the living
room. In the case of the bedroom smouldefing the fire did not reach a flaming
state. However, the sprinkler eventually activated more than 5 hours after smouldering
ignition and controlled the fire, but CO concentrations exceeded 5000 ppm more than
two hours prior to sprinkler activation. S$ua concentration for that time period would

be lethal.

Reference: Cote, A. 1983. Final report on field test of a retrofit sprinkler system.
National Fire Protection Research Foundation.

This was a series of 11 fedcale hotel room fire tests to evaluétte effectiveness of
quick-response sidewall sprinklers used in conjunction with a polybutylene piping
system in a retrofit system installation. In the eightfiashing and flaming start fires,
the quickresponse sprinklers controlled the fire and aitlimits for survivability were

not exceeded. In the faBaming start fire without sprinklers, critical limits for
survivability were exceeded.
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9.1

9.2

RISK ASSESSMENT

The literature review and analysis undertaken in this research concludes, be¢hase of
strict requirements to have sprinkler heads listed, and the considerable research into
performance and benefits of residential sprinklers, repetition of experiments into ways
of modifying these parts of the sprinkler system is not necessary. lakided that a

risk assessment approach, whereby the influence on expected numbers of injuries and
fatalities caused by a reduction in sprinkler coverage is assessed, would be the focus for
evaluating options to reduce the cost of the sprinkler system.

The risk assessment was undertaken through the use of event tree analysis. An event
tree is a logic diagram which predicts the possible outcomes from an initial event
(Charters, 1999). The likelihood of each outcome depends on other factors such as
whetter the fire is noticed at an early stage, whether it spreads or whether it is put out
with fire extinguishers. The conditional probability of each of these other factors can be
calculated and an estimate made of how often an event occurs (Charters, 1999).

Risk Assessment Objectives
The risk assessment objectives are to:

5. Investigate the number and location of injuries and fatalities as a result of
domestic fires.

6. Determine the impact on the number of injuries and fatalities as a result of
installing combmations of domestic smoke alarms and sprinklers.

7. Assess the impact on the number of injuries and fatalities as a result of reducing
the reliability of the domestic fire sprinkler system.

8. Assess the impact on the number of injuries and fatalities as aakeuiitting
sprinkler heads from the ceiling space, bathroom, toilet and wardrobe/cupboard
space.

Event Tree Development

The event tree used for analysing the effectiveness of the domestic fire sprinkler system
evolves from the combination of two evemeds: the complete event tree and the
sprinkler reliability event tree.
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9.2.1 Complete event tree
There are four significant stages in the sequence of events from fire ignition to outcome:
the event, detection, intervention and outcome (refer Figure 9).

EVENT —» DETECTION —» INTERVENTION —» OUTCOME

1 Firei l:Human l:Human
2 2 2

Smoke Alar Fire Servic

=

Fire Extinguished

Fire Not Extinguished

3:iSprinkler. 3ilnjuries

N

Fatalities

Figure 9: Complete Event Tree

The complete sequence of events varies according to the sequence of the detection and
intervention stages. Uncertainties arise when trying to quantify human influences on
the sequence for example, Wether the fire is first detected by the occupant or smoke
alarm, whether the smoke alarm cue is recognised, whether intervention with fighting
the fire is successful and the timing of calling the fire service. Uncertainties also arise
when identifying tle type of domestic fire.

The uncertainties associated with the sequence of detection and intervention stages,
choice of fire type and the difficulty in quantifying human influences make the event
tree unwieldy. As the conditional probabilities are diffidco measure, the complete
event tree has to be simplified to reduce the amount of uncertainty in the calculation.

9.2.2 Sprinkler reliability event tree
The reliability of the domestic sprinkler system can be determined from first principles.
Assuming that dire develops in a domestic situation, the domestic sprinkler event tree
assesses the ability of the sprinkler system to successfully control or extinguish the fire.

The operation of the domestic fire sprinkler system involves five factors which combine
to determine whether the water expelled from the sprinkler head will successfully reach
the fire. These five factors are:

1. Availability of water supply

2. Functionality of valve set

3. Reliability of pipework

4. Operation of the sprinkler head

5. Effectiveness of the spy discharged from the sprinkler head

The availability of the water supply for the proposed domestic fire sprinkler system
refers to the supply from the town mains. This supply is as reliable as the potable water
supply to the home. An estimate woulds@ase that the water supply to the home
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9.3

would be disrupted, on average, two days per year for reasons such as routine
maintenance. Assuming this twday disruption, the reliability of the water supply
is 99.5%.

Annual maintenance inspections of sprinldgstem control valvesets are required by
NZS 4515:1995 (SNZ, 1995)The checks are a requirement to ensure water is supplied

to the sprinkler system and that the water reaches the sprinkler heads at the correct
pressure. Factors which may cause the obntalveset to be neaperational include

faulty installation and accidental closure of the valVee design for both the proposed
low-cost multipurpose sprinkler system and the fllwough sprinkler system do not
require a control valveset. Similarlyfor the two proposed systems, backflow
prevention is not required as only potable water is flowing through the system.

Pipe used for domestic sprinkler systems is required to be listed (refer Section 6.1.2).
Uncertainties arise, particularly for plaspiping, due to the location of the fire; if the
fire is intimate with the pipe work, the reliability can be reduced.

Residential sprinkler heads are required to be listed. Listing ensures that the sprinkler
head is manufactured and operates as ctyraicthe specified pressures and flows.

The type and location of the fire influences the effectiveness of the sprinkler system.
For example, a shielded fire is sheltered from the extinguishing effects of the water
from the sprinkler head. Human infhees need to be factored into whether the spray
from the sprinkler head is effective at reaching the fire. For example, obstructions to
the sprinkler head, such as attaching ornaments, can alter the spray pattern.

The conditional probability of each d@he five factors which jointly determine the
sprinkler effectiveness can be calculated, and an estimate made of whether the water
discharged from the sprinkler head is successful in reaching the fire.

The uncertainties associated with the human influeacddire characteristics make the
reliability of the sprinkler system difficult to quantify from first principles. Statistics
from the operation of sprinkler systems were used as reliability input data for the final
event tree.

Event Tree

From the combint#on of the complete event tree and the sprinkler reliability event tree,
four stages in the sequence of events were identified: probability of fire occurrence, area
of fire origin, smoke alarm detection and sprinkler intervention. These four factors fit
into the categories of event, detection and intervention, as characterised by the complete
event tree (refer Figure 10). The outcomes in the event tree are identified as the
numbers of injuries and fatalities as a result of the fire.
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9.3.1 Nomenclature

The event tree diagram represents the sequence of events developed to assess the
objectives of the risk assessment (refer Figure 10). Diagrammatic representations of
event trees use symbols to represehere selections are made. Squares represent
decisions to be made and circles represent chance events. The branches emanating from
a square correspond to the choices available to the decision maker and the branches
from a circle represent the possibleéamumes of a chance event. Diamonds symbolise

the end of the event process. The third decision element, the value of the outcomes, is
specified at the ends of the branches (Clerh@fl).

9.3.2 Detection and intervention combinations

Four combinations of deteon and intervention were analysed (refer Table 3):

Table 3: Detection and Intervention Combinations

Option | Intervention | Detection

1 Sprinkler Smoke Alarm

2 No Sprinkler | Smoke Alarm

3 Sprinkler No Smoke Alarm
4 No Sprinkler | No Smoke Alarm

9.3.3 Analysis methodology

9.4

For analysis, probabilities are associated with each chance event. The likelihood of fire
occurring per room is multiplied by the reliability of the sprinkler system, then
multiplied with the reliability of the smoke ala to achieve an estimate of the
likelihood of this sequence of events occurring. The likelihood of this event sequence is
in turn multiplied with the consequence (expected number of injuries and fatalities
associated with the sprinkler and smoke alarmmlgoations) to provide an expected
number of injuries and fatalities (refer Figure 10). The expected number of injuries and
fatalities is multiplied by the probability of fire occurrence to determine the expected
annual number of injuries and fatalities a result of the sprinkler and smoke alarm
combinations (refer Appendixd Event Tree Including Calculations).

The outcomes, in terms of numbers of injuries and fatalities, from each combination
option of sprinkler and smoke alarm are compared for asatyghe risk assessment
objectives.

Statistics

Conditional probabilities are associated with each chance event in the event tree. The
probabilities are derived from domestic fire statistics.

9.4.1 Probability of fire occurrence

As discussed in section 5.14d fire incident rate of 0.004 fires per year per household is
used in this study.
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9.4.2 Areas of fire origin
For analysis of the influence on injuries and fatalities as a result of removing sprinkler

heads from the ceiling cavity, bathroom and wardrobes/cugbothe distribution of
area of fire origin is required.

For analysis of the number of injuries as a result of fires in domestic situations, the
following distribution of area of fire origin was used:

Living Room 16.1%
Bedroom 30.8%
Kitchen 37.2%
Bathroom 1.2%
Laundry 1.2%
Ceiling Cavity 1.1%
Garage 2.0%
Hallway/Stairs 2.2%
Other 8.2%

The likelihood (%) of the fire occurring in the living room, bedroom, kitchen, bathroom,
laundry and garage are taken from Né&saland Fire Servecstatistics (Irwin, 1997).

The likelihood of fires originating in the ceiling cavity, hallway/stairs and ‘other’,
which result in injuries, is based upon United States fire statistics. The United States
data is based on 13,691 injuries and 3,589 deatbs the period 1972983 (NFPA,
1999). The proportion of incidents remaining is distributed according to the United
States statistics provided in Tablel®(a) of NFPA13D:1999 (NFPA, 1999). Table 4
presents the United States data.
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Table 4: United States Statistics Area of Fire Origin Causing Injuries and Fatalities

Civilian

Civilian

Area of Origin Deaths | Percent Fires | Percent | Injuries | Percent
Living Room, family room or den 1330 37.1 42600 105 2546 18.6
Bedroom 919 25.6 50200 12.4 3250 23.7
Kitchen 541 151 92670 22.9 3987 29.1
Dining Room 83 2.3 3780 0.9 189 1.4
Heating equipment room or area 62 1.7 15130 3.7 374 2.7
Hallway or corridor 48 13 3690 0.9 155 1.1
Laundry room or area 47 1.3 15370 3.8 363 2.7
Garage or carport 45 1.2 14580 3.6 524 3.8
Bathroom 44 1.2 8040 2.0 271 2.0
Unclassified structural area 43 1.2 4530 11 104 0.8
Crawl space or substructure space 41 1.2 11200 2.8 317 2.3
Multiple areas 41 11 3350 0.8 96 0.7
Ceiling/floor assembly oconcealed space 32 0.9 3470 0.9 64 0.5
Wall assembly or concealed space 27 0.8 7090 1.8 93 0.7
Closet 23 0.6 5020 1.2 186 1.4
Exterior balcony or open porch 22 0.6 5570 1.4 121 0.9
Exterior wall surface 22 0.6 14620 3.6 118 0.9
Unclassified area 21 0.6 2590 0.6 87 0.6
?g;;f::r ceiling/roof assembly or concealed 21 06 10740 27 98 0.7
'(’:1';Jeoal1 room or other supply storage room or 20 05 4160 1.0 133 1.0
Lobby or entrance way 17 0.5 1410 0.3 44 0.3
Interior stairway 17 0.5 1100 0.3 41 0.3
Chimney 17 0.5 60530 14.9 75 0.5
Unclassified function area 17 0.5 1090 0.3 43 0.3
Unclassified storage area 14 0.4 2460 0.6 80 0.6
Area not applicable 11 0.3 1180 0.3 22 0.2
Exterior stairway 8 0.2 1090 0.3 25 0.2
Lawn or field 7 0.2 1670 0.4 24 0.2
Trash room or area 5 0.1 1140 0.3 14 0.1
Product storage area 5 0.1 780 0.2 23 0.2
Unclassified means of egress 5 0.1 610 0.2 15 0.1
Unclassified service or equipment area 4 0.1 380 0.1 12 0.1
Library 3 0.1 180 0.0 11 0.0
Other known area 26 0.7 1288 3.2 195 1.4
TOTAL 3589 100 404900 100 13691 100

(Source- NFPA13D:1999, Table AL-2(b) [NFPA, 1999])
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9.5

The United States data reflects similar distribution of the areas of fire origin which
result in injuries and fatalities. Over 80% of injuries artdliites as a consequence of
fire in the domestic situation occur in the kitchen, living room and bedroom.

For analysis of the number of fatalities as a result of fire in domestic situations, the
following distribution of area of fire origin was used:

Living Room 25.9%
Bedroom 38.2%
Kitchen 24.1%
Bathroom 0.6%
Laundry 0.6%
Ceiling Cavity 0.6%
Garage 2.4%
Other 6.4%
Hallway/Stairs 1.2%

Based on statistics from the N&egaland Fire Service, fatal fires are more likely to
originate h the bedroom (38.2%), living room (25.9%) and kitchen (24.1%) (Irwin,
1997). The supplied statistics show that the remaining 12% of fatal fires originate in
‘other’ areas (garages and carports, 2.4%; bathroom, 0.6%; laundry, 0.6%) (Irwin,
1997). For theurpose of this analysis, the remaining areas of fire origin which result
in fatalities are distributed according to the United States statistics (refer Table 4).

Assumptions

Domestic fire statistics were analysed and the following assumptions with tréspec
smoke alarm reliability, sprinkler system reliability, fatality rates and injury rates were
made.

9.5.1 Smoke alarm reliability

There are several installation options for domestic smoke alarms including: single
batteryoperated, single maifmowered, sevetanterconnected and batteoperated,
several interconnected and mapwmvered. For detached dwellings, the Building
Industry Authority of NewZealand have proposed the mandatory installation of stand
alone battery operated smoke alarms.

Each smoke atan installation option has an associated probability of detecting the fire.
The estimated probabilities range from approximately 60% for a single bajtersted
alarm to around 90% for four interconnected alarms (Wade and Duncan, 2000).

For the purposeof determining a reliability for use in the risk assessment, the option of
four batteryoperated alarms was used. This option was the closest to the
recommendations of the Building Industry Authority.

The smoke alarm was taken to be 74% reliable amddrdoes not alert the occupants,
for various reasons, 26% of the time (Wade and Duncan, 2000).
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9.5.2 Sprinkler system reliability
Historical data as shown in Figure 4 indicates abodeaths per 1000 domestic
structure fires. However this rate includesfa#ls in the presence of smoke alarms or
not. It is necessary to estimate what the fatality rate would be if smoke alarms are
installed and what it would be if no alarms exist, and similarly for cases where
sprinklers are installed or not.

Because of thdifficulty of determining the reliability of the sprinkler system from first
principles, statistics on the ability of sprinkler systems across all building types to
reduce the number of fatalities are used to quantify the reliability of domestic sprinkler
systems.

Marryatt (1988) states that sprinkler systems are 99i#ble. This figure is based

on NewZealand and Australian sprinkler system data from 188%. The reliability

figure of 99.45%is optimistic as it represents cases where the dprirdystem has
operated and successfully controlled the fire. It neglects to include instances where the
sprinkler system has failed to operate.

In the case of commercial sprinkler systems installed in Realand, Mak (personal
comment, 2000) states:

“...as far as can be ascertained, there have been three lives lost in sprinklered buildings
in New Zealand:

« Paremoremo Prison (1998)inmate tampered with sprinklers
* Rangipo Prison (1998} accelerant thrown over inmate

» Kaikohe Rest Home (1996yesident setfire to armchair and was intimate with the
source of ignition.”

These statistics indicate that operative sprinkler systems are successful at preventing
fatalities as a result of fire.

The reliability of the sprinkler system for use in the risk assessmanttaken to be

95% With the sprinkler system integrated with the domestic plumbing, there is early
warning of interruption to the water supply. In the case of a sprinkler system installed
to the requirements of NZ&15:1995 (SNZ, 1995), disruption toetwater supply may

go undetected until maintenance checks are made, or when the sprinkler system is
required to operate. It is immediately evident if water supply to domestic fixtures is
interrupted in an occupied dwelling. Therefore it is assumedHbanherent reliability

will be no less than for conventional sprinkler systems.

9.5.3 Fatality rates
For the case of installation of a sprinkler system, Beever and Britton (1999) used seven
deaths per 1000 house fires where no sprinkler systems were presdmtween 1.46
and 3.89 deaths per 1000 house fires where sprinkler systems were present. The figures
representing the expected reduction in death rates are based on examination of 1994
USA data. The value of seven deaths per 1000 house fires whennkbesgystem is
present is based on AFIRS data for the period 11988 as presented by Beever and
Britton (1999).
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A study by Rahmanian (1995) suggests that sprinklers in domestic dwellings can reduce
the number of deaths by 50% or more. Ruegg an@rib84) estimated 1.4faths
per 1000 house fires for houses with sprinklers and alarms.

The Scottsdale study, where domestic sprinklers were installed in a community (Home
Fire Sprinkler Coalition, 1997), states that the domestic sprinkler systemhéas t
potential to reduce the number of domestic fire fatalities b9(B.

From the analysis of statistics for the reduction in fatalities as a result of installing a
domestic smoke alarm, Wade and Duncan (2000) conclude the following reductions for
the insallation options (refer Table 5):

Table 5: Fatality Rates with Smoke Alarms

Installation Option Fire Death Rate per 1000 Fires
Four battery (dyear) operated alarms 2.8
Four battery (16/ear) operated alarms 2.5
No alarm 6.0

(source- Wade and Duncan, 2000)

The fire death rate for the option of four batteryy€hr) operated alarms was used in
the risk assessment. Therefore the fire death rates per 1000 house fires were taken
tobe2.8.

Table 6 provides the fatality rates used the risk assessment for analysing the
combination of smoke alarm and sprinkler scenarios. The consequence of the expected
number of deaths per 1000 house fires presented in Table 6 is based on the outcome if
the sprinkler system and the smoke alarmogerational.

Table 6: Fatality Rates used in Risk Assessment

Option Consequence- expected Reduction in
deaths per 1000 house fires | fatalities

No smoke alarm / no sprinkle 6

Smoke alarm / no sprinkler 2.8 53%

No smoke alarm sprinkler 1.2 80%

Smoke alarm / sprinkler 1 83%

9.5.41njury rates
In relation to the installation of domestic sprinkler systems, Beever and Britton (1999)
used 70 injuries per 1000 house fires where no sprinkler systems were present. Injuries
were definedas those recorded at the scene of the fire. For the number of injuries in
sprinklered fires, Beever and Britton (1999) found the data they used from the NFIRS
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database for 1995 to be inconsistent, stating 100 injuries per 1000 fires, which is greater
than that for unsprinklered fires in Australia. A study by Ruegg and Fuller (1984)
estimated civilian injury rates to be 14 per 1000 fires for amel twefamily houses
protected by sprinklers and smoke alarms (Beever and Britton, 1999). Beever and
Britton (1999) consider fire injury rates in the range of 30 to 15 per 1000 fires for
sprinklered oneand twefamily dwellings.

New Zealand Fire Service statistics indicate that, on average)juties per 1000
domestic fires occur annually as a result of doiodses. Wade and Duncan (2000)
estimate that the presence of a domestic fire sprinkler system would reduce the number
of injuries caused by domestic fires from 40 topgs 1000 house fires a 63%
reduction.

Table 7: Assumed Fire Injury Rate with Smoke Alarms

Installation Option Fire Injury Rate per 1000 Fires
Four battery (dyear) operated alarms 12
Four battery (16/ear) operated alarms 12
No alarm 40

(source- Wade and Duncan, 2000)

For the purposes of the risk assessmamate of 12 injuries per 1000 house fires was
used corresponding to four battery operated alarms (Wade and Duncan, 2000).

Table 8 provides the injury rates used in the risk assessment to analyse the combination
of smoke alarm and sprinkler scenariosheTconsequence of the expected number of
injuries per 1000 house fires is based on the sprinkler system and smoke alarm being
operational.

Table 8: Injury Rates used in Risk Assessment

Option Consequence- expected Reduction in
injuries per 1000 house fires | injuries

No smoke alarm / no sprinkle 40

Smoke alarm / no sprinkler 12 70%

No smoke alarm / sprinkler 15 63%

Smoke alarm / sprinkler 10 75%
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9.6 Results
The results of the risk assessment event tree analysis follow.

Figure 1L compares the results of the risk assessment for each sprinkler system and
smoke alarm option. The results are for sprinkler heads installed in each room in
accordance with NZS 4515:1995 (SNZ, 1995).

OPTION COMBINATIONS
Full Sprinkler Coverage

250 4
] 203
% 200 1
Lu |
> ]
@ E
& 150 ]
0- 4
§ 100 76
=~
> 50 E 27 1 30
E 5 6
E
Sprinkler / No Sprinkler /  Sprinkler / No No Sprinkler /
Smoke Alarm Smoke Alarm Smoke Alarm No Smoke
Alarm

OPTION

O Fatalities m Injuries

Figure 11: Results of RiskAssessment

9.6.1 Fatalities

Table 9: Results of Risk Assessment Full Sprinkler Coverage

Option Expected Reduction
Fatalities/Year

Sprinkler / Smoke Alarm 4.8 84%

No Sprinkler / Smoke Alarm 14.2 53%

Sprinkler / No Smoke Alarm 6.1 80%

No Sprinkler / No Smoke Alarn 30.5

Results of the event tree analysis show that the combination of sprinkler system and
smoke alarm is likely to reduce the number of fatalities in domestic fires by 84% (refer
Table 9). A sprinkler system alone has plméential to reduce the number of fatalities

by 80%. A smoke alarm alone is likely to reduce the number of fatalities by 53%.
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9.6.2Injuries

9.7

Table 10: Results of Risk Assessmentinjuries

Option Injuries/Year | Reduction
Sprinkler / Soke Alarm 27.3 87%
No Sprinkler / Smoke Alarm 60.9 70%
Sprinkler / No Smoke Alarm 76.1 63%
No Sprinkler / No Smoke Alarn 203.0

Results of the event tree analysis show that the combination of sprinkler system and
smoke alarm is likely to reduce the noen of injuries in domestic fires by 87% (refer
Table 10). A sprinkler system alone has the potential to reduce the number of injuries
by 63%. A smoke alarm alone is likely to reduce the number of injuries by 70%.

Sensitivity Analysis

The results repoed in Section 9.6 rely on the assumption that the reliability of the
domestic sprinkler system is 95%. Figuresab® 13show the influence that reducing
the reliability of the sprinkler system has on the numbers of injuries and fatalities.

Sensitivity of Number of Fatalities to
Sprinkler Reliability

20 ;
18 ]

16 - \\\

14 ]

12 .\'\

10§ — \-\-\‘\

Fatalities per year

|
y

45 55 65 75 85 95
Sprinkler Reliability (%)

‘—Q—Sprinkler and Smoke Alarm —m— Sprinkler and No Smoke Alarm ‘

Figure 12: Influence on number of fatalities as a result of reduction in sprinkler system
reliability
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Figure 13: Influence on number of injuries as a result of reduction in sprinkler system
reliability

Reducing tle reliability of the domestic sprinkler system to 70% still has the effect of
approximately halving the number of injuries and fatalities as a result of fire in domestic
situations.

9.8 Discussion

The risk assessment set out to investigate the number antbiocdtinjuries and
fatalities as a result of domestic fires. Reflecting the statistics, the majority of fatalities
and injuries occur as a result of fire originating in the living room, bedroom or kitchen.

The risk assessment analysed four options pinkler system and smoke alarm
combinations in an attempt to determine their impact on the number of injuries and
fatalities. Results show that the combination of sprinkler system and smoke alarm is the
most successful at reducing the number of injusies fatalities. The sprinkler system
alone is likely to reduce the number of fatalities by around 80% and the number of
injuries by around 63%. The smoke alarm alone can potentially reduce the number of
injuries by around 70% and the number of fatalibg@pproximately one half.

A sensitivity analysis assessed the impact on the number of injuries and fatalities of
reducing the reliability of the domestic fire sprinkler system. Results of the sensitivity
analysis show that reducing the reliability o tsprinkler system from 95% to 75% still

has the impact of reducing the number of fatalities and injuries by more than one half
(refer Figures 12 and 13).

9.8.1 Reduced sprinkler coverage
Figure 14 shows the number of injuries and fatalities resulting frone anfia home
where the coverage of the sprinklers has been reduced. The sprinklers have been
removed from the bathroom, toilet, ceiling cavity and wardrobe/cupboard space.
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OPTION COMBINATIONS
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Figure 14: Comparison of Injuries and Fatalities with Reduced Sprinkler Coverage

For the option of the combined domestic sprinkler system and smoke alarm, removal of
sprinkler heads from the ceiling space, bathroom/toilet and wardrobe/cupboard space
increases the expected number of fatalities per year frono 4.8 t(16%). Removal of
sprinkler heads from these spaces increases the expected number of injuries per year
from 27.3 to 31.5 (13%). The following Table 11 compares the numbers of injuries
and fatalities as a result of fire in the fully sprinkleresnie to the numbers as a result

of reducing the sprinkler coverage.

Table 11: Comparison of Full Coverage Sprinkler System with Reduced Sprinkler

Coverage
Fatalities/Year Injuries/Year

Option Full Coverage | Reduced Full Coverage | Reduced

Sprinkler Coverage Sprinkler Coverage

System Sprinkler System Sprinkler

System System

Sprinkler/Smoke 4.8 5.7 27.3 31.5
Alarm
Sprinkler/No 6.1 8.5 76.1 92
Smoke Alarm
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10.

10.1

10.2

COMPUTER MODELLING

Introduction

To assess the effectiveness of the proposmdedtic sprinkler system, a computer
model was used.

The computer model chosen for analysis was BRANZFIRE Version 2000.09 (Wade,
1996; Wade and Barnett, 1997; Wade et al, 1997; W&98). The details of the
modelling are summarised below. In gendle model results should be treated as
indicative as there are many uncertainties in the assumptions and input data. Full results
of this determination are included as Appendix II.

Model Verification

Before using BRANZFIRE, it was decided that additiovalification was required to
confirm that the model would produce credible results for the scenario proposed to be
modelled. A scenario based on a -&dhle residential compartment was modelled.
This scenario mirrored some experiments conducted by tugrdl Institute of
Standards and Technology, USA on a-wenl hospital patient room fire (Notarianni,
1993).

Room Description: As shown in Figure 15, the walls and ceiling were 13 mm calcium
silicate board over 16 mm gypsum plasterboard; the floor wasnbd concrete.

Sprinklers: Quick-response extended coverage (BR) pendant sprinkler on ceiling

in the centre of the patient room. Orifice 12.7 mrefaistor = 0.79 (I/min/kP&Y glass

bulb, operating temperature 68°C, Response Time Index (RTI) 3&*(mAssumed
conduction factor = 0. Radial distance from sprinkler S4 = 1.6 m. Assumed distance of
glass bulb below ceiling = 25 mm.

Fuel: Wood crib measuring 0.61 m x 0.46 m x 0.15 m high ignited by a 100 mm
diameter tray of burning heptane (refer Figisg. It was previously determined that a

60 kW steady state fire with the door closed posed the greatest challenge to the
tenability of the space.

10.2.RResults of verification modelling

The comparison shown here is for the “closed door test” (refer TahleFL2l results
are included as Appendix Il to this report.
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Table 12 Comparison of Fire Test and Computer Model Outputs for Verification

Reference From Fire BRANZFIRE | Difference
Test Test Predicted

Sprinkler S4 422s 523s +101s
Actuation
lonisation D8 36s 41s +5s
detector in
room of origin
Detector in D4 133s 149s +16s
Bathroom
Gas 1.5 m above the 52°C 61°C +9°C
Temperature floor, centre of

room @ 440s
Gas 0.91m above the| 30°C 37°C +7°C
Temperature floor, centre of

room @ 440s
Maximum In room of origin, | 0.64% 1.6% +0.96%
Concentration | measured at 1.5m
of CO, above the floor
Maximum In room of origin Oppm 156ppm +156ppm
Concentration | at 1.5m above the
of CO floor

10.2.Zummary of model verification

10.3

In general, the results above indicate that BRANZFIRE Version 2000.09 (Wade, 1996;
Wade and Barnett, 1997; Wade et &97; Wade1999) predictions are conservative
when compared to the fedicale test that they were modelling. Therefore, the model is
likely to give a reasonable estimate (conservative) for the other similar fire scenarios
and be a useful tool for underiag a fire hazard analysis of a domestoale building.
Other verification data for the model can be found in model documentation and
supporting references.

Predictions for Domestic Sprinkler Systems

Two singlestorey threebedroom houses, representativef typical low-cost
New Zealand properties, were modelled using the-layer zone model BRANZFIRE
(Wade, 1996; Wade and Barnett, 1997; Wade et al, 1997; \1/@@@). The plan views
of the houses are shown as Figures 16 and 17.
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Figure 16: BRANZ Low -Cost Design House
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Typical Detail of Sprinkler Head

Connection

Figure 17: Low-Cost ThreeBedroom Design House
(Source—D. Gillespie, Fire Engineering Solutions Limited)

For modelling purposes, each of the homes was reduced to either threar or fo
compartments. In order to simplify the model, the lounge and dining areas of each
home were modelled as a single space and an equivalent volume used; in the case of the
second house the kitchen was also included and a part partition wall was omitted.

The wall and ceiling linings were input as @5 gypsum plasterboard and the floor
linings as 20nm highdensity particleboard.

In each house three scenarios were modelled as representative of the most likely fire
scenarios. The scenarios modelled were:

Fire in Kitchen

Fire in Lounge

Fire in a Bedroom

For each fire scenario the case was modelled as sprinklered and unsprinklered in order
to ascertain the likely effects of sprinkler suppression. A residential sprinkler head was
used as thenstalled device. Details of the sprinkler head are:

RTI 35 (ms§”?
C factor 0.6
Actuation Temp 68°C
Density 4 mm/min
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The radial distance from the fire to the sprinkler head was assumed to be the distance
from the head to the furést point in the room.

The position of sprinkler heads is shown in Figures 16 and 17. It can be seen that a

single sprinkler head is assumed to cover each compartment.

The design fires used were taken from real test data of typicdbdreeng items sut
as beds and furniture (Lee, 1985).

An example input file is shown in Appendix. IIA typical results file is shown in
Appendix Il

10.4 Results of Modelling

Each of the scenarios modelled showed that the sprinkler system as described above
increased the tim to untenable conditions within the room of fire origin and the
connected spaces. Table 13 below shows the mean time to specified tenability limits

(Purser, 1995) for all the modelled scenarios.

Table 13 Times to Specified Tenabity Limits

Tenability in Room of Origin
Parameter Assumed Sprinklered Room | Unsprinklered Room
Tenability Time to Untenable Time to Untenable
Limit Conditions Conditions
(Average) (seconds) | (Average) (seconds)

Temperature 80°C Did not occur within 207
duration of model

CO Content 0.1% Did not occur within 378
duration of model

CO, Content 5% Did not occur within 297
duration of model

O, Content 12% Did not occur within 295
duration of model

Fractional 1 210 165

Effective Dose

of Narcotic

Gases

Radiation to 2.5 kWm? Did not occur within 210

Floor duration of model

Fractional 1 Did not occur within 232

Effective Dose duration of model

of Radiation

Visibility 3m 111 85
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The sprinkler decreased temperatures and the evolution of toxic pratieisgh there

was little or no effect on visibility. The model assumes no interaction between the
water spray and the hot upper layer following operation of the sprinkler, therefore the
results may not be valid at that time.

Detailed results in the forraf output of the model and associated indicative graphical
representations are included as Appendix Il. However, in summary, the modelling
predicted the following:

1. Sprinkler actuation times varied from 49 seconds to 205 seconds, depending on
the fire gowth rate used. It should be noted that some of the real fire data used
showed little or no heat release in the first 170 seconds from ignition (refer
Figure 18). In the case where the heat release is delayed, the sprinkler actuated
35 seconds after thgrowth became exponential. With reference to the
verification modelling described previously, these times to sprinkler activation
can be assumed to be conservative.

Heat Release Rate
5000
4500 it
4000 Sprinklered :
3500 —=a - Unsprinklered s 1
3000 ]
2 2500
2000 w
| N
1500 n .
| LN
1000 - —
| ey nEEg ™ | n
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0 y A - - — s
o o o o o o o o o o o o o o o o o o o o
o™ o o N [Te) [¢°) — < ~ o ™ [( (2] N [T9) e - <t ~
— — — [§V) N (V) o™ ™ ™ o™ < < < [Te) n n
Time (s)

Figure 18: Comparison of Heat Release Rates for a Modelled Spikfered and
Unsprinklered Bedroom Fire Scenario

2. Temperatures were decreased by the sprinkler system to tenable conditions, in
some instances by as much as 480°C (refer Figure 19).
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Figure 19: Comparison of Temperatures in the UpperLayer for Modelled Sprinklered
and Unsprinklered Scenarios

3. Carbon monoxide and carbon dioxide concentrations were decreased by the
sprinkler system to within tenable limits. The fractional effective dose of
narcotic gases was maintained below the linfitldfor periods long enough
following sprinkler activation, for escape to be effected from the room of fire
origin (refer Figures 20, 21 and 22). This result in particular should be
considered with caution with respect to concentrations following acivati
the sprinkler, as experimental data from tests have shown increases in CO and
other toxic products following activation.
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Figure 20: Comparison of CO Content in the Lower Layer of Modelled Sprinklered and
Unsprinklered Scenaios
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Figure 21: Comparison of CO, Content in the Lower Layer of Modelled Sprinklered and

Unsprinklered Scenarios
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Figure 22: Comparison of Fractional Effective Dose of Narcotic Gases for a Modelled

4.

Sprinklered and Unsprinklered Room of Origin

In spaces adjacent to the room of origin (i.e. the hall and other bedrooms):

In the case of a fire in a bedroom, with all bedroom doors assumed to be ajar, the

tenability in terms of fractional effective dose, ateaght of 1.5m, of narcotic

gases is increased. In the hall, on sprinkler actuation the increase is by margins
of three to six minutes, and in an adjacent bedroom from one minute up to a

situation where untenable conditions never occur (refer FigureT28)s, when

compared with the unsprinklered scenarios, the model predicts increased time

available for escape in the sprinklered situation.
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Figure 23: Comparison of Fractional Effective Dose of Narcotic Gases in Adjacent Space

for Modelled Sprinklered and Unsprinklered Scenarios
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Figure 24: Comparison of the @ Content of the Modelled Sprinklered and Unsprinklered

Scenarios

5. Similarly, the sprinkler system maintains oxygen concentrations above tenable

limits (refer Figure 24).

6. Radiation from the upper layer in the room of fire origin is maintained by the

sprinkler system well below an acceptable tenable limit of K&/&n>
However, in the unsprinklered scenario, levels of radiation at floor level exceed
the tenable limit (refer Figure 25). As a result, the Fractional Effective Dose of
Radiation never exceeded zero for the sprinklered scenarios, but for the
unsprinklered scenarios the limit of one was attained at times of between three
and five minutes frongnition (refer Figure 26).
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Radiation Incident on the Floor
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Figure 25. Comparison of Radiation Incident on the Floor for Modelled Sprinklered and
Unsprinklered Scenarios
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Figure 26: Comparison of Fractional Effective Dose of Radiatiorfor Modelled
Sprinklered and Unsprinklered Scenarios

7. The smoke layer is maintained above 1 metre in most cases for the sprinklered
scenarios (refer Figure 27) but visibility, at a height ofr,5s not affected at
all by the sprinkler (refer Figure 28)
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Figure 27: Comparison of Smoke Layer Height for Modelled Sprinklered and
Unsprinklered Scenarios
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10.5 Senstivity Analysis

A sensitivity analysis was conducted in order to establish the validity of the results, and
whether and to what extent the results may have been affected by the sprinkler
parameters input into the model. Generally, variation of the ©rfactd Response
Time Index parameters of the sprinkler head only caused a maximum variance in the
parameters (temperatures, CO content, Gidtent etc) of 1% (Figure 29).

Sensitivity Analysis: Effect of Varying Sprinkler Parameters on Upper Temperature
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Figure 29: Chart Showing the Effect on Temperature ofthe Upper Layer of Varying the C
factor, RTI and Minimum Design Density of the Sprinkler Head

However, variation of the minimum design density of the rer head caused
significant variances in the outputshe mean variance found was —24% to +33%. The
largest variance was in the Heat Release Rate of the sprinkler controlled fire, varying
from +119% to-71% of the Heat Release Rate at Ignition +608(r~igure 30).

Sensitivity Analysis: Effect of Varying Minimum Design Density on Heat Release Rate
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Figure 30: Effect of Varying the Minimum Design Density of the Sprinkler Head on the
Heat Release Rate of the Sprinkler Controlled Fire
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This variance is expected as the quantity of water on the fire is beiregl{dl mm/min

to 2 mm/min) or increased by 50% (4 mm/min to 6 mm/min). It is significant in terms
of residential sprinkler headsthese are designed to spray 20% of the water they expel

onto the four walls of the compartment they are protecting, thusiregthe density of
water on the floor and consequently the fire (Underwriters Laborat@068)

Full results of the outputs of the sensitivity analysis, including graphs, are included as
Appendix Il
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11.

111

11.2

LOW-COST DOMESTIC SPRINKLER SYSTEM

Introductio n

The objective of this research into reducing the loss of life, injury and amount of
property loss caused by fires in domestic dwellings was to develop a proposal fer a low
cost sprinkler system. A mulpiurpose sprinkler system whereby the sprinkletesys

is integrated with the domestic plumbing system was designed.

The following provides details of the proposed mpiirpose domestic sprinkler
system, with deviations from the current N8ealand Standard for domestic fire
sprinkler systems NZ8515:19% (SNZ, 1995), outlined. A co$ienefit analysis of the
proposed sprinkler system is undertaken in order to assess #sffeatveness. The
results of the codbenefit analysis are compared with the cost of a domestic sprinkler
system constructed tarent NewZealand standards. An alternative {owst sprinkler
system is proposed for use in retrofit situations.

Design

A multi-purpose sprinkler system design was carried out by Hydraulic Services
Consultants for the BRANZ house (refer Appenidix Hydraulic Services Consultants)
(refer Part 1 Figure & Floor Plan of Design Home). The design closely follows the
specifications of NFPA 13D for the design of mugtirpose sprinkler systems (NFPA,
1996) and incorporates aspects of the Australian Stande®®118.5 (Standards
Australia, 1995) for domestic sprinkler systems.

Full details of this lowcost, multipurpose sprinkler system design are included in

Appendix lll — ‘Report on the Installation Costs of Fire Sprinklers into a Standard
ThreeBedroom Dwvelling’. Figures 3land 32are diagrammatic representations of the

sprinkler system design.
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Figure 31: Plan View of Multi-purpose Sprinkler System

(Source— P. Downey, Hydraulic Services Consultants)
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Figure 32: Pipe Layout of Multi-purpose Sprinkler System
(Source— P. Downey, Hydraulic Services Consultants)
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In summary, the specific details of the loast sprinkler system design for the BRANZ
house are as follows:

A single mains connection fegdoth the sprinkler system and the domestic
water supply.

Design pressure from the mains was taken to beK®@0 (a typical mains
pressure for residential areas) and hence mr@=diameter feed from the mains
to the house was required to achieve thegdesressures at the sprinkler heads
(refer Appendix Ill- Hydraulic Calculations).

The domestic load for the hydraulic design of the combined plumbing and
sprinkler system was taken to be lifes per minute, in accordance with
AS 2118.5 (Standards Atralia, 1995).

The water supply enters the house at the location of the domestic hot water
cylinder, which is the standard location of water supply entry (Downey, 2000).

The main run of water supply pipe is @Bn diameter; the branches serving the
sprinkers are 20nm diameter; the branches supplying the domestic services are
15mm diameter (refer Figures 31 and 32).

There are 7 sprinkler heads, each of residential listing: one in each of the three
bedrooms, one in the hallway, one in each of the kitcltemge and dining
room.

The hydraulic calculations are based on two sprinkler heads operating.

The entire multipurpose system is designed using copper piping.

Refer to Section 11.Below for justifications of the design assumptions and details of
variations from NZ$4515:1995 (SNZ, 1995).

11.3 Deviations from NZS 4515:1995

The proposed loveost multipurpose sprinkler system varies in the following ways
from the current requirements of N4515:1995 (SNZ, 1995) for the installation of
domestic fire sprinklesystems:

1. NZS4515:1995 (SNZ, 1995) requires the domestic sprinkler system to be a

standalone system. The current N&galand Residential Sprinkler Standard
has no provisions for alternatives to the stalohe system. The concept of the
multi-purpose gstem, whereby the sprinkler system is integrated with the
domestic plumbing, arises from the National Fire Protection Association
Standard, NFPA3D (NFPA, 1996).

A control valveset is not a requirement for the doost sprinkler system. The

function of the control valveset as backflow prevention, pressure sustaining
valve and sprinkler system isolation valve is not required where the sprinkler
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system is integrated with the plumbing and water is continuously flowing
through.

. Because only potable water ftowing through the system, no backflow
prevention is required.

. An alarm indicating sprinkler operation or the requirement to evacuate is not
included in the multpurpose system. In the case of a stalothe sprinkler
system designed to NZ515:1995 $NZ, 1995), a flow switch would trigger an
alarm to indicate that the sprinkler system was operating. In the case of the
multi-purpose system, where water is continuously flowing through it, a flow
switch would not be an appropriate alarm mechanisms réégommended that
domestic smoke alarms be installed along with thedost sprinkler system.

The smoke alarm would provide the early warning of the fire. The risk
assessment confirms the benefits of installing a smoke alarm along with the
sprinkler sgtem. Computer modelling indicates the extended time for
evacuation achieved by installation of a domestic smoke alarm.

. The design excludes sprinkler heads from the bathroom, toilet,
wardrobe/cupboard space and the ceiling cavity. The statistical analysi
indicates that the likelihood of a fire originating in these areas is minimal. All
sprinkler heads are required to be listed and hence operate at the design
pressures specified.

. The domestic load for the hydraulic design is taken to bi@ré2 per mimte.

This design flow is based on the requirements of 2A83.5 (Standards
Australia, 1995). This figure has been used on the basis of evidence presented
by Beever and Britton (1999) indicating that the average demand per household
unit in Australia peak at 6 litres per minute. The requirements of
NZS 4515:1995 (SNZ, 1995) state that the domestic load should lieeS7er
minute.

. It is assumed that the installation will be carried out by approved plumbers,
sprinkler contractors or others who have destrated competency to carry out
the work.

. The integrated sprinkler and domestic plumbing system has no specific ongoing
maintenance requirements. The maintenance requirements are specific to the
control valveset. The proposed lmwst sprinkler systerdoes not require a
control valveset and subsequently no annual maintenance requirements are
necessary. With the sprinkler system integrated with the domestic plumbing, the
possibility of unintentional shut off of the water supply is minimised.

. The propose low-cost multipurpose sprinkler system does not need to be
connected to the fire service.
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11.4 CostBenefit Analysis

11.4. Methodology
The costbenefit analysis methodology applied to the proposedclost domestic
sprinkler system follows that carried out foretlBBRANZ costbenefit analysis for
domestic fire sprinkler systems (Wade and Duncan, 2000). The methodology for the
costbenefit modelling used in the Wade and Duncan (20£8Qyly is based on
Australian research undertaken by Beever and Britton (1999¢hwhvestigates the
costeffectiveness of a variety of domestic fgafety features. The cesftfectiveness is
assessed through calculation of a cost per life saved, where cost per life saved is defined
as:

(installaton costst maintenane costs savings

Cost per life saved _ininjury costs savingsn prppertylosses)
expectechumberof livessaved

For the analysis, a nominal discount rate of 8% and an inflation rate of 2% was used.

An analysis period of 20 years is considered, and where components have a different
working life the replacement costs are included. The domestic sprinkler system is

assimed to have a working life of 3@ars.

For the lowcost sprinkler system, a net present cost is calculated by subtracting the net
present value of savings such as injuries avoided and direct savings of property from the
net present value of the purchasnstallation and maintenance costs. The net present
value (NPV) per household is calculated using the formula:

2 Net yearlycost
£ (1+discountate)

NPV =

Where t = time (years) and n = number of years

The same lowcost threedbedroom home as used for the eelectiveness study for the
standard domestic sprinkler systems (Wade and Duncan, 2000), was used as the design
home for the prototype sprinkler system installations (refer Figure 8). Section 5
provides a summary of the Wade and Duncan (2000) study investighngost
effectiveness of domestic fire sprinkler systems, including a description and floor plan
of the design home.

Variations from the input data used in the Wade and Duncan (2000) study are:

1. Number of fatalities per 1000 house fires was determined fthe risk
assessment. For the case where a fpulppose sprinkler system was present
without a smoke alarm, 1.68 fatalities per 1000 house fires are predicted; for the
case where four battepowered smoke alarms and a mplarpose sprinkler
system igoresent, 1.12 fatalities per 1000 house fires are predicted.

2. Number of injuries per 1000 house fires was determined from the risk
assessment. For the case where a +puhlipose sprinkler system was present
without a smoke alarm, 18idjuries per 1000 hese fires are predicted; for the

74



case where four battepowered smoke alarms and a mpltirpose sprinkler
system is present, 6.21 injuries per 1000 house fires are predicted.

The proposed loveost sprinkler system relies on the use of qualified persons t
install the system. The design specifications were distributed to plumbing
contractors for pricing. The pricing included costs for design, materials,
installation and maintenancef{er Appendix lll: Cosfs Table 14is a summary

of the prices quotetbr installation of the prototype sprinkler systems into the
design home.

Table 14: Costs of the Sprinkler System

Tender Option Materials Labour Total
1 Plumbing only | $1,252.00 $546.00 $1,798.00
Plumbing + $1,805.00 $966.00 $2,771.00
Sprinklers
Difference (extra to install sprinklers) $973.00
2 Plumbing only $1,656.00 $1,656.00
Plumbing + $2,742.00 $2,742.00
Sprinklers
Difference (extra to install sprinklers) $1,086.00
3 Plumbing only | $1,102.60 $525.00 $1,627.60
Plumbing + $1,759.26 $714.00 $2,473.26
Sprinklers
Difference (extra to install sprinklers) $845.66
Average cost for installation of sprinkler system $968.22

(source: see Appendix IlI)
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11.4.Results
The costbenefit analysis was carried out for the lowst multipurpose sprinkler
system. Table 16ompares a summary of the results of this-bestefit analysis with
the findings of the Wade and Duncan (208@)dy for the installation of a sprinkler
system only.

Table 15: Cost-Benefit Analysis Results

Option $ cost per life saved

Low-cost multipurpose sprinkler system | $891,000

New sprinkler system (to NZ&15:1995) | $34.8 million*

New sprinkler system (to DZ515/CD3) $17.8 million*

*source: Wade and Duncan (2000)

11.4.Discussion
The cost pelife saved for installation of the proposed myltirpose sprinkler system
was found to be $891,000. This cost per life saved is 2.6% of the cost per life saved for
a new sprinkler system installed to the current New Zealand Standard{3433995
(SNZ 1995). A review of the current Nexealand Standard for the installation of
domestic fire sprinkler systems is attempting to make the system moreffective.
Analysis shows that the draft Standard has increased theeftediveness of the
sprinkler system, reducing the cost per life saved from $3dlibn to $17.8million
(refer Table 15). The cost per life saved for installation of the proposedpurgbse
system of this project is 5% of the cost per life saved for a new sprinkler systieen to
draft New Zealand Standard, RIB15/CD3 (SNZ, 1999). The comparison of these
results show the proposed laest multipurpose sprinkler system to be considerably
more costeffective than domestic sprinkler systems installed to current or draft
standadls.

Reducing the cost of the domestic sprinkler system has achievedeffeosteness in

the range close to that of a domestic smoke alarm (refer Table 16). The cost per life
saved for the lovcost sprinkler system is considerably less than that dipteusmoke
alarms.
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Table 16: Cost-Benefit of Fire Protection Options

Installation
costs
(NPV $)

Maintenance
costs over
20years
(NPV $)

Savings
on
injuries
and
property
loss ($)

Net cost
per
household

®)

Deaths
per
household

Expected
deaths
per year

Lives
saved
per
year

$ net cost
per life
saved

Four stand
alone
ionisation 1
year battery

212

973

405

780

0.000224

14.2

16.2

$3 million

Four stane
alone
ionisation 10
year battery

340

741

414

667

0.0002

12.7

17.8

$2.4 million

Fourbattery
powered
smoke alarms
(1 year battery)
and multi
purpose
sprinklers*

1180

973

1065

1,088

0.0000896

5.7

24.8

$2.8 million

Multi-purpose
sprinklers
only*

968

660

308

0.0001344

8.5

21.9

$891,000

NZS4515:1995
complying
domestic
sprinkler
system

6700

7353

693

13,361

0.000096

6.1

24.4

$34.8million

DZ 4515/CD3
complying
domestic
sprinkler
system

4270

3242

693

6,820

0.000096

6.1

24.4

$17.8million

No system

0

0

0

0

0.00048

30.5

*assumes sprinklers omitted from bathrooms, ceiling spaces, wardrabes

The integrated plumbing and sprinkler system reduces the amount of materials required

for the sprinkler system. A stafadone system constructed to N4515:1995 (SNZ,
1995) requires piping and fixtures to extend to the entire house; thepuydtse

system only requires piping extensions for the sprinkler branches (refer Figures 31

and32).

The residential valveset required by NZ=15:1995 (SNZ, 1995) for staadone
sprinkler systems contributes around $3000 to the cost of the system. The multi
purpose system does not incorporate a valveset and hence this cost is saved.

Table 16 shows a comparison of a variety of fire protection options. Considering the
net cost per life saved, the option of a mplirpose sprinkler system offers the most

costeffective solution.
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Combination of the smoke alarm with the sprinkler system has the greatest effect in
reducing the number of expected deaths per year. The smoke alarm plus sprinkler
option potentially saves 25 lives per year. The cost per life savetthifooption is
$2.8million, similar to the Transit Newealand criterion for value of human life.

Addition of a $200 fee for design to the cost of the muitipose system increases the
cost per life saved from $891,000 to $1,469,467 (61%) (refer F&g)re

Sensitivity to Design Costs

$2,500,000 ‘
$2.250,000
$2,000,000 P
$1.750,000
$1.500,000
$1,250,000
$1,000,000
$750.000 ¥
$500.000
$250.000
$0

Cost Per Life Saved

$0 $100 $200 $300 $400 $500

Cost for Design

Figure 33: Sensitivity to Design Costs

The multipurpose system does not require annual maintenance inspections. Addition
of an annual maintenance fee to the system has a significant effect on the cost
effectiveness. Fige 34 represents the sensitivity of the cost per life saved for the
multi-purpose sprinkler system as a result of adding a maintenance fee.

Sensitivity to Annual
Maintenance Costs
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/
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O T
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Figure 34: Sensitivity to Maintenance Costs
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Similar to the findings of the Wade and Dandq2000) study, increasing the analysis
period and the fire incidence probability has the effect of reducing the cost per life
saved and hence increasing the -@ffdctiveness of the system.

Sensitivity to Installation
Costs

$10,000,000
$8,000,000
$6,000,000
$4,000,000
$2,000,000
$0

Cost Per Life Saved

0 1,000 2,000 3,000 4,000 5,000

Installation Cost ($)

Figure 35: Sensitivity to Installation Costs

The cost for the proposed muytturpose sprinkler system is less than $1,000 as
determined from quotes provided by plumbers for materials and installation. Increasing
the cost of the sprinkler system has a significant effect on theeffestiveness of the
system. Doubling the cost of the system to $2,000 has the effect of increasing the cost
per life saved from $891,000 to $3.9 million (refer Figure 35).

11.5 Alternative Low-Cost Domestic Sprinkler System for Retrofitting

The proposed loveost muli-purpose domestic sprinkler system is appropriate for
installation in new dwellings where the design can be integrated with the plumbing
design.

Consideration was also given to options for retrofitting domestic sprinkler systems to
existing homes. A l@-cost option considered appropriate for retrofitting purposes is
the flow-through sprinkler system.

11.5.Flow-through sprinkler system
The flowthrough sprinkler system functions on similar principles to the fpulpose
sprinkler system. The sprinkler systeis designed in sequence with the domestic
plumbing system, with water flowing through the sprinkler piping then on to the
plumbing fixtures.

Full details of this lowcost, flowthrough sprinkler system design are included in
Appendix Il — ‘Details of tre flow-through sprinkler system’. Figure 36 shows the
layout of the flowthrough sprinkler system.
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Figure 36: Flow-Through Sprinkler System

In summary, a conceptual design of a fitwough sprinkler system for the BRANZ
houseis as follows:

* A single mains connection feeds the sprinkler system then flows on in sequence
to the domestic water supply.

» Design pressure from the mains was taken to beKb@0(an assumed average
for the residential situation in Nedealand) and hee a 25mm diameter feed
from the mains to the house was required to achieve the design pressures at the
sprinkler heads (refer Appendix H Hydraulic Calculations for Flow-Through
System).

 The domestic load for the hydraulic design of the combinediphg and
sprinkler system was taken to be lifes per minute, in accordance with
AS 2118.5 (Standards Australia, 1995).

* The incoming water main to the home rises to the ceiling cavity from within an
external wall.

e The main run of water supply pipe25 mm diameter; the mains supply is split
to two branches of 2m to serve as a ring main; the ring main then feeds the
domestic piping via an isolating valve at the location of the hot water cylinder
(refer Figure 36).

» There are seven sprinkler headssheaf residential listing: one in each of the
three bedrooms, one in each of the kitchen, lounge and dining room and one in
the hot waterccylinder cupboard.

» The hydraulic calculations are based on two sprinkler heads operating.
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The sprinkler design varigsom NZS4515:1995 (SNZ, 1995) in the same way as the
multi-purpose sprinkler design with respect to requirements for the control valveset,
backflow prevention, monitoring alarm, exclusion of sprinkler heads, domestic load
calculations, plumbing contrackr and connection to the fire service (refer
Section11.3).

The following points detail some advantages of the flosugh sprinkler system:

1.

Unlike the multipurpose sprinkler system, the fldtwough sprinkler system

has its own unique set of pipirgthe system is not integrated with the domestic
plumbing. This standlone system is a similar principle to the stafmhe
sprinkler system required by N2515:1995 (SNZ, 1995). The main difference
between the flovthrough and the Standard sprinkler systies that the latter
requires the system to be charged with stagnant water which is pressure
maintained by the control valveset. The fldwough system has no
requirement for the control valveset and pressure control as water is
continuously flowing thragh the system.

The design of the flovthrough sprinkler system can be adapted for retrofitting
into an existing dwelling because of its stadne piping. The domestic
plumbing can be disconnected and the sprinkler system installed in sequence
from the mains and connected into the plumbing.

The flowthrough system incorporates no deamtl branches so issues of water
stagnating in sprinkler branches are resolved.

Similarly to the multipurpose system, issues of reliability of water supply to the
sprirkler heads are resolved because the same water supplies the domestic
plumbing and lack of water supply to the sprinklers would be immediately
detected.

The stanehlone system provides the ability to isolate the domestic plumbing
while still having water soply to the sprinkler system.
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12. CONCLUSION

12.1 Case for Domestic Sprinkler Systems

12.2

The literature search and preliminary investigation into the cost anefiestiveness
of domestic sprinkler system concludes:

Sprinkler systems built to current N&&ealand tandards are not cesftfective.

Costbenefit analysis has proven that there is scope to reduce the cost of the
domestic sprinkler system. The scope comes predominantly from legislation,
competition and design requirements.

With the strict requirementfor sprinkler heads to be listed, and considerable
research into the likes of spray patterns and system pressures, repetition of
experiments into ways of modifying these parts of the sprinkler system appear to be
redundant. A risk assessment approach,revineductions in reliability are offset
against increased coverage of sprinklers in the home, appears to offer possibilities
for providing options to reduce the cost of the sprinkler system.

Inconsistencies exist between areas where for example it cosgstongonnect
water mains to serve the sprinklers than it does to install the sprinkler system.

The review of the current New Zealand Standard for domestic sprinkler systems
(NZS 4515:1995 [SNZ, 1995]) is attempting to reduce the costs of the system, but
as shown by the codtenefit analysis, the costs need to be reduced further. The
attempts to have plumbers install the system and to reduce the maintenance
requirements are a good start.

Compulsory requirements for sprinkler systems in homes have bearssutdn
the USA in reducing the costs of the system.

The multipurpose sprinkler system offers significant cost reductions and
advantages and should be investigated further.

Risk Assessment Analysis

Outcomes from the risk assessment analysis show:

The majority of fatalities and injuries occur as a result of fires originating in the
living room, bedroom or kitchen. The risk analysis shows that injuries are less
likely to occur from fires originating in the bathroom and ceiling cavity.

Results show thathe combination of the mulpurpose sprinkler system with the
smoke alarms is the most successful at reducing the number of injuries and fatalities
in a domestic fire. The proposed mydtirpose sprinkler system alone is likely to
reduce the number dfjuries by approximately 55% and the number of fatalities by
approximately 72%.
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« The domestic smoke alarm system alone can potentially reduce the number of
injuries by over two thirds and the number of fatalities by one half.

* For the option of the combaa multipurpose sprinkler system and smoke alarm,
removal of sprinkler heads from the ceiling space, bathroom/toilet and
wardrobe/cupboard space increases the expected number of fatalities per year from
4.8 to 5.7 (16%). Removal of sprinkler heads frthrase spaces increases the
expected number of injuries per year from 21031.5 (13%).

12.3 Low-Cost Sprinkler System

The research set out to establish a-tmst sprinkler system appropriate for domestic
use. For installation in a new house, a mpliipcse sprinkler system, whereby the
sprinkler piping is integrated with the domestic plumbing, is proposed.

The proposed muHpurpose sprinkler system varies from the requirements of
NZS 4515:1995 (SNZ, 1995) as it:

7. is not a stanglone system

8. omits sprinkér heads from the bathroom, toilet, wardrobe/cupboard space and
ceiling cavity

9. is assumed that the installation will be carried out by approved plumbers,
sprinkler contractors or others who have demonstrated competency to carry out
the work

10.requires no camol valveset

11.does not have a sprinkler operating alarm, but does recommend the installation
of smoke alarms to provide early warning of the fire

12.has no specifications for annual maintenance.

The cost per life saved for installation of the proposed rpulfpose sprinkler system

was found to be $891,000. This cost per life saved is 2.6% of the cost per life saved for
a new sprinkler system installed to the current New Zealand Standard{3433995

(SNZ, 1995). A review of the current N&Zealand Standdrfor the installation of
domestic fire sprinkler systems is attempting to make the system moreffective.
Analysis shows that the draft Standard has increased theeftediveness of the
sprinkler system, reducing the cost per life saved from8%8#lion to $17.8million

(refer Table 15). The cost per life saved for installation of the proposedpurgbse
system of this project is 5% of the cost per life saved for a new sprinkler system to the
draft New Zealand Standard, RIB15/CD3 (SNZ, 199). The comparison of these
results show the proposed laest multipurpose sprinkler system to be considerably
more costeffective than domestic sprinkler systems installed to current or draft
standards.

The option of a multpurpose sprinkler systemfefs the most cost effective solution.
Combination of the smoke alarm with the multirpose sprinkler system has the

greatest effect in reducing the number of expected deaths per year. The smoke alarm
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plus sprinkler option potentially saves 25 lives year. The cost per life saved for this
option is $2.8nillion.

Reducing the cost of the domestic sprinkler system has achievedeffeosteness in
the range close to that of a domestic smoke alarm. The cost per life saved for-the low
cost sprinkler gstem is considerably less than that of multiple smoke alarms.

Consideration was also given to options for retrofitting domestic sprinkler systems to
existing homes. A loveost option considered appropriate for retrofitting purposes is
the flowrthrough spinkler system.

The flowrthrough sprinkler system is designed in sequence with the domestic plumbing
system, with water flowing through the sprinkler piping then on to the plumbing
fixtures. The sprinkler design varies from NZ%15:1995 (SNZ, 1995) in ¢hsame

way as the mulipurpose sprinkler design but also offers advantages, including the ease
of retrofit installation and the ability to isolate the sprinkler system from the domestic
plumbing.
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14. APPENDIX | —RISK ASSESSMENT

The following are examples of the event trees used in the ssdssment. The first

event tree is to calculate the expected deaths per 1000 house fires where there is a full
coverage sprinkler system and smoke alarms present. The second event tree calculates
the expected deaths per 1000 house fires where ther@adstial coverage sprinkler
system and smoke alarms present.
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15. APPENDIX Il —COMPUTER MODELLING

Thur sday, June 01, 2000, 09: 43 PM
I nput Filenane : A:\bedroonsp. nod

BRANZFI RE Mul ti - Conpartnent Fire Model (Ver 2000.09)

Sprinklered Bedroom BRANZ House

Descri ption of Roons

Room 1 : Hall

Room Length (m) = 3. 40
Room Wdth (m) = 0. 80
Maxi mum Room Hei ght (m) = 2.40
M ni mrum Room Hei ght (m) = 2.40

Fl oor Elevation (m = 0. 000
Room 1 has a flat ceiling.

Wal | Surface is Plasterboard, Gypsum paper-faced

Wall Density (kg/nB) = 760.0
Wal | Conductivity (WmK) = 0. 160
Wall Emissivity = 0.88
Wal | Thickness (mm = 10.0
Ceiling Surface is Plasterboard, Gypsum paper-faced
Ceiling Density (kg/nB) = 760.0
Ceiling Conductivity (WmK) = 0. 160
Ceiling Emssivity = 0.88
Cei ling Thickness (nm = 10.0
Fl oor Surface is Particleboard, high density
Fl oor Density (kg/nB) = 1000.0
Fl oor Conductivity (WmK) = 0.170
Fl oor Emissivity = 0. 88
Fl oor Thickness = (nmm 25.0
Room 2 : Bedroom
Room Length (m) = 3.21
Room Wdth (m) = 2.78
Maxi mum Room Hei ght (m) = 2.40
M ni mum Room Hei ght (m) = 2.40

Fl oor Elevation (m = 0. 000
Room 2 has a flat ceiling.

Wal | Surface is Plasterboard, Gypsum paper-faced

Wall Density (kg/nB) = 760.0
Wal | Conductivity (WmK) = 0. 160
Wal | Emi ssivity = 0. 88
Wal | Thi ckness (mm) = 10.0
Ceiling Surface is Plasterboard, Gypsum paper-faced
Ceiling Density (kg/nB) = 760.0
Ceiling Conductivity (WmK) = 0. 160
Ceiling Emssivity = 0.88
Cei ling Thickness (nm = 10.0
Fl oor Surface is Particleboard, high density

Fl oor Density (kg/nB) = 1000.0
Fl oor Conductivity (WmK) = 0.170
Fl oor Emissivity = 0. 88
Fl oor Thickness = (mm 25.0

Room 3 : Bedroon®
Room Length (m) = 2.87
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Room Wdth (m) = 2.46
Maxi mum Room Hei ght (m 2.40
M ni mum Room Hei ght (m 2.40
Fl oor Elevation (m = 0. 000
Room 3 has a flat ceiling.

Wal | Surface is Plasterboard, Gypsum paper-faced

Wall Density (kg/nB) = 760.0
Wal |l Conductivity (WmK) = 0. 160
Wall Emissivity = 0.88
Wal | Thickness (mm) = 10.0
Ceiling Surface is Plasterboard, Gypsum paper-faced
Ceiling Density (kg/nB) = 760.0
Ceiling Conductivity (WmK) = 0. 160
Ceiling Emssivity = 0.88
Cei ling Thickness (nm = 10.0
Fl oor Surface is Particleboard, high density
Fl oor Density (kg/nB) = 1000. 0
Fl oor Conductivity (WmK) = 0.170
Fl oor Emissivity = 0. 88
Fl oor Thickness = (mm 25.0
Room 4 : Bedroon8
Room Length (m) = 3.00
Room Wdth (m) = 2.46
Maxi mum Room Hei ght (m) = 2.40
M ni mum Room Hei ght (m) = 2.40

Fl oor Elevation (m = 0. 000
Room 4 has a flat ceiling.

Wal |l Surface is Plasterboard, Gypsum paper-faced

Wall Density (kg/nB) = 760.0
Wal |l Conductivity (WmK) = 0. 160
Wall Emissivity = 0.88
Wal | Thi ckness (mm) = 10.0
Ceiling Surface is Plasterboard, Gypsum paper-faced
Ceiling Density (kg/nB) = 760.0
Ceiling Conductivity (WmK) = 0. 160
Ceiling Emssivity = 0.88
Cei ling Thickness (nm = 10.0
Fl oor Surface is Particleboard, high density

Fl oor Density (kg/nB) = 1000.0
Fl oor Conductivity (WmK) = 0.170
Fl oor Emissivity = 0. 88
Fl oor Thickness = (nmm 25.0

Description of Wall Vents

Fromroom 1 to 2, Vent No 1

Vent Wdth (m = 0. 200
Vent Height (m = 2.100
Vent Sill Height (m = 0. 000
Vent Soffit Height (m = 2.100
Qpening Tinme (sec) = 0
Closing Time (sec) = 0
Fromroom 1 to 3, Vent No 1
Vent Wdth (m = 0. 200
Vent Height (m = 2.100
Vent Sill Height (m = 0. 000
Vent Soffit Height (m = 2.100
Qpening Tinme (sec) = 0
Closing Time (sec) = 0
Fromroom 1 to 4, Vent No 1
Vent Wdth (m = 0. 200
Vent Height (m = 2.100

93



Vent Sill Height (m = 0. 000
Vent Soffit Height (m = 2.100
Qpening Tinme (sec) = 0
Closing Tine (sec) = 0
Fromroom 2 to outside, Vent No 1
Vent Wdth (m = 0. 002
Vent Height (m = 2. 400
Vent Sill Height (m = 0. 000
Vent Soffit Height (m = 2.400
Qpening Tinme (sec) = 0
Closing Time (sec) = 0
Fromroom 3 to outside, Vent No 1
Vent Wdth (m = 0. 002
Vent Height (m = 2.400
Vent Sill Height (m = 0. 000
Vent Soffit Height (m = 2.400
Opening Tinme (sec) = 0
Closing Time (sec) = 0
Fromroom 4 to outside, Vent No 1
Vent Wdth (m = 0. 002
Vent Height (m = 2.400
Vent Sill Height (m = 0. 000
Vent Soffit Height (m = 2. 400
Opening Tinme (sec) = 0
Closing Time (sec) = 0
Fromroom 4 to outside, Vent No 2
Vent Wdth (m = 0. 700
Vent Height (m = 0. 800
Vent Sill Height (m = 1. 300
Vent Soffit Height (m = 2.100
Qpening Tinme (sec) = 200
Closing Time (sec) = 0
Descri ption of Ceiling/Floor Vents
Anbi ent Conditions
Interior Tenp (O = 20.0
Exterior Tenp (O = 15.0
Rel ative Humdity (% = 65
Tenabi lity Paranmeters
Moni toring Height for Visibility and FED (m) = 2.00
Cccupant Activity Level = Li ght
Visibility cal cul ati ons assune: reflective signs
FED Start Tinme (sec) 0
FED End Ti me (sec) 600
Sprinkler / Detector Paraneters
Sprinkler installed in Room 4
Sprinkl er suppression is simlated.
Response Tinme Index (ms)"1/2 = 35.0
Sprinkler CFactor (ms)"1/2 = 0.6
Radi al Distance (m = 2.0
Actuation Tenperature (Q = 68.0
Water Spray Density (mmnin) = 4.0
Di stance below ceiling (m) = 3

Ceiling Jet nodel used is N ST JET.

Mechani cal Ventilation (to/from outside)
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Mechani cal Ventilation not installed in Room1
Mechani cal Ventilation not installed in Room 2
Mechani cal Ventilation not installed in Room 3
Mechani cal Ventilation not installed in Room 4

Description of the Fire

Radi ant Loss Fraction = 0.35
Snoke Enission Coefficent (1/m = 0. 80
Characteristic Mass Loss per Unit Area (kg/s.nR) = 0.035

Air Entrainment in Plunme uses McCaffrey (reconmended)

Burning Cbject No 1

Located in Room 4
Energy Yield (kd/g) = 12. 4
C®2 Yield (kg/kg fuel) = 1.270
Soot Yield (kg/kg fuel) = 0.015
H20 Yield (kg/ kg fuel) = 0. 442
Fire Height (m = 0. 500
Fire Location (nm) = wal |

Summary of End-Point Conditions in Roomof Fire Origin

FED Radi ation (incap) of 1 Not Reached.

An Upper Layer Tenperature of 600 deg C Not Reached.

Visibility at 2m above floor reduced to 5 mat 80.0 Seconds.
Tenperature at 2m above fl oor has reached 80 deg C at 128.0 Seconds.
FED Narcotic Gases (incap) Exceeded 1 at 191.0 Seconds.
Sprinkler/Detector Actuated at 165.0 Seconds.

1. 00 seconds.
1137. 1 seconds.

Initial Time-Step
Conput er Run-Ti ne
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BRANZ House Bedroom Fire
Heat Release Rate (kW) Comparison
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BRANZ House Bedroom Fire
Layer Height (m) Comparison
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BRANZ House Bedroom Fire
CO2 Content (%) Comparison
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BRANZ House Bedroom Fire

Radiation Incident on Floor (kW/m2) Comparison
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BRANZ House Bedroom Fire
Visibility (m) Comparison
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Monday, June 05, 2000, 08: 55 PM
I nput Filenanme : A:\unitecl oungesp. nod

BRANZFI RE Mul ti - Conmpartent Fire Model (Ver 2000.09)

Sprinklered Lounge Unitec House
Sensitivity Analysis Higher Density of Application

Descri ption of Roons

Room 1 : Kitch/Il ounge/dining

Room Length (m) = 12. 80
Room Wdth (m) = 12. 50
Maxi mum Room Hei ght (m) = 2.40
M ni mum Room Hei ght (m) = 2.40

Fl oor Elevation (m = 0. 000
Room 1 has a flat ceiling.

Wal | Surface is Plasterboard, Gypsum paper-faced

Wall Density (kg/nB) = 760.0
Wal | Conductivity (WmK) = 0. 160
Wall Emissivity = 0.88
Wal | Thi ckness (mm) = 10.0
Ceiling Surface is Plasterboard, Gypsum paper-faced
Ceiling Density (kg/nB) = 760.0
Ceiling Conductivity (WmK) = 0. 160
Ceiling Emssivity = 0.88
Cei ling Thickness (nm = 10.0
Fl oor Surface is Particleboard, |ow density
Fl oor Density (kg/nB) = 590.0
Fl oor Conductivity (WmK) = 0.078
Fl oor Emissivity = 0. 88
Fl oor Thickness = (mm 20.0
Room 2 : Hall
Room Length (m) = 8. 60
Room Wdth (m = 1.50
Maxi mum Room Hei ght (m) = 2.40
M ni mrum Room Hei ght (m) = 2.40
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Fl oor Elevation (m =

Room 2 has a flat ceiling.

Wal | Surface is Plasterboard, Gypsum paper-faced

Wall Density (kg/nB) =

Wall Conductivity (WmK) =

Wal | Emi ssivity =
Wal | Thickness (mm) =

0. 000

760.0
0. 160
0.88
10.0

Ceiling Surface is Plasterboard, Gypsum paper-faced

Ceiling Density (kg/nB) =

Ceiling Conductivity (WmK) =

Ceiling Emssivity =
Ceiling Thickness (mm =

Fl oor Surface is Particl eboard,

Fl oor Density (kg/n8) =

Fl oor Conductivity (W m K)
Fl oor Em ssivity =

Fl oor Thickness = (mm

Room 3 : Bedroom
Room Length (nm) =
Room Wdth (m =
Maxi mum Room Hei ght (m
M ni mum Room Hei ght (m
Fl oor Elevation (m =

Room 3 has a flat ceiling.

Wal | Surface is Plasterboard, Gypsum paper-faced

Wall Density (kg/nB) =

Wal | Conductivity (WmK) =

Wall Emissivity =
Wal | Thickness (mm =

| ow density

760.0
0. 160
0.88
9.5

590.0
0.078
0.88
20.0

7.50
6.50
2.40
2.40
0. 000

760.0
0. 160
0.88
10.0

Ceiling Surface is Plasterboard, Gypsum paper-faced

Ceiling Density (kg/nB) = 760.0
Ceiling Conductivity (WmK) 0. 160
Ceiling Emssivity = 0. 88
Ceiling Thickness (mm = 9.5
Fl oor Surface is Particleboard, |ow density
Fl oor Density (kg/nB) = 590.0
Fl oor Conductivity (W m K) 0.078
Fl oor Em ssivity = 0.88
Fl oor Thickness = (nmm 20.0
Description of Wall Vents
Fromroom 1 to 2, Vent No 1
Vent Wdth (m = 0. 002
Vent Height (m = 2.100
Vent Sill Height (m 0. 000
Vent Soffit Hei ght 2.100
Opening Tine (sec) 0
Closing Tine (sec) 0
Fromroom 1 to 2, Vent No 2
Vent Wdth (m = 0. 800
Vent Height (m = 0.001
Vent Sill Height (m 2.100
Vent Soffit Height 2.101
Opening Tine (sec) 0
Closing Tine (sec) 0
Fromroom 1 to 2, Vent No 3
Vent Wdth (m = 0. 800
Vent Height (m = 0. 002
Vent Sill Height (m 0. 000
Vent Soffit Height (m = 0. 002
Opening Tine (sec) 0



Closing Time (sec) = 0
Fromroom 1 to outside, Vent No 1
Vent Wdth (m = 0.003
Vent Height (m = 2.400
Vent Sill Height (m = 0. 000
Vent Soffit Height (m = 2.400
Qpening Tinme (sec) = 0
Closing Time (sec) = 0
Fromroom 1 to outside, Vent No 2
Vent Wdth (m = 1. 000
Vent Height (m = 0. 900
Vent Sill Height (m = 1. 300
Vent Soffit Height (m = 2.200
Opening Tine (sec) = 150
Closing Time (sec) = 0
Fromroom 1 to outside, Vent No 3
Vent Wdth (m = 1. 000
Vent Height (m = 0. 900
Vent Sill Height (m = 1.300
Vent Soffit Height (m = 2.200
Opening Tine (sec) = 250
Closing Time (sec) = 0
Description of Ceiling/Floor Vents
Anbi ent Conditions
Interior Tenp (O = 20.0
Exterior Tenp (O = 15.0
Rel ative Humdity (% = 65
Tenabi lity Paranmeters
Moni toring Height for Visibility and FED (nm) = 2.00
Cccupant Activity Level = Li ght

Visibility cal cul ati ons assune:
FED Start Tine (sec)

reflective signs
0

FED End Ti me (sec) 600

Sprinkler / Detector Paraneters

Sprinkler installed in Room 1
Sprinkl er suppression is simlated.
Response Tinme Index (ms)~1/2 = 35.0
Sprinkler CFactor (ms)~1/2 = 0.6
Radi al D stance (m = 8.0
Actuation Tenperature (Q = 68.0
Water Spray Density (mmnin) = 6.0
Di stance below ceiling (mMm) = 25
Ceiling Jet nodel used is NI ST JET.

Mechani cal Ventilation (to/from outside)

Mechani cal Ventilation not installed in Room1

Mechani cal Ventilation not installed in Room 2

Mechani cal Ventilation not installed in Room 3

Description of the Fire

Radi ant Loss Fraction 0.35

Snoke Enission Coefficent (1/m = 0. 80

Characteristic Mass Loss per Unit Area (kg/s.nR) 0.011

Air Entrai nment

in Plume uses McCaffrey (recomended)
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Burning Object No 1

Located in Room 1
Energy Yield (kd/g) = 12. 4
CO2 Yield (kg/kg fuel) = 1.270
Soot Yield (kg/kg fuel) = 0. 015
H20O Yield (kg/ kg fuel) = 1. 000
Fire Height (m = 0. 300
Fire Location (m = Centre

Sunmary of End-Point Conditions in Roomof Fire Origin

FED Radi ation (incap) of 1 Not Reached.

An Upper Layer Tenperature of 600 deg C Not Reached.

Visibility at 2m above floor reduced to 10 mat 54.0 Seconds.
Tenperature at 2m above fl oor has reached 80 deg C at 107.0 Seconds.
FED Narcotic Gases (incap) Exceeded 1 at 201.0 Seconds.

Sprinkl er/ Detector Actuated at 107.0 Seconds.

1. 00 seconds.
329. 7 seconds.

Initial Time-Step
Conput er Run-Ti e
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Heat Release Rate kW

Sensitivity Analysis: Effect of Varying Minimum Design Density on Heat Release Rate
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APPENDIX IIl —COST-BENEFIT ANALYSIS

Hydraulic Calculations for the Flow-Through Sprinkler System

Job Name:- Typical 3 Bedroom House (2 Sprinklers in Compartment)
Location:- Suburbs Domestic Load 12 L\min
Sprinkler Selected Flow Rate Single \min|Pressure Flow rate Multiple [Pressure
Single (kPa) I/min Multiple
(kPa)
Viking Microfast Model M-6 37.9 70.9 32.2 51.2
Piping Materials [Copper |
Calculations for 2 Sprinklers
System Flow Rate Sprinkler Load +  Domestic Load = L/min
64.4] + | 12 = | 76.4|L/min
Sprinkler Pressure Demand 51.2|kPa
Building Supply Pressure 500]|kPa
Pressure Losses
Meter Loss @ flow 100|kPa (10)
Backflow Preventer Loss 0|kPa (11)
Pipes, Valves and Fittings;
Pipe section Ring Main
Flow 76.4 L\min Equivalent Lgth Equiv Lgth
15mm Pipe 28| metres 28 = 28| metres
Valves 0] @ 0.3 = O|metres
90 deg Elbows o] @ 09| = 0[metres
Tees Run 0] @ 0.5 = O|metres
Tees Branch o] @ 1.4 O[metres
Other 0] @ = O|metres
Equiv Lgth Pressure Loss per metre
20mm Pressure Loss| 28] *+ | 21.23| = [ 594.44|kPa(12.1)
Pipes, Valves and Fittings;
Pipe Section Supply
Flow 76.4 L\min Equivalent Lgth Equiv Lgth
20mm Pipe 19|metres 19| = 19|metres
Valves 0] @ 03| = O|metres
90 deg Elbows 2| @ 0.9 = 1.8|metres
Tees Run 0] @ 0.5 = O|metres
Tees Branch 0] @ 1.4 = O|metres
Other 0] @ = O|metres
25mm Pressure Loss Total Length @  Pressure Loss per metre
| 20.8] * | 10.57] = | 219.856|kPa (12.2)
Elevation Loss:-
Highest Sprinkler above source 3 metres @ 9.81 kPa/m kPa (13)
Total System Pressure Losses (10+11+12.1+12.2+13)
Pressure Available at Sprinkler
Building Supply Pressure System Pressure Losses
500] - | 943.726] = | -443.726|

Minimum Requirement kPa

Pressure acceptable or not; the pressure is greater than or equal to the required pressure for the sprinkler
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Hydraulic Calculations for the Flow-Through Sprinkler System

Job Name:- Typical 3 Bedroom House (2 Sprinklers in Compartment)
Location:- Suburbs Domestic Load 12 L\min
Sprinkler Selected Flow Rate Single \min|Pressure Flow rate Multiple [Pressure
Single (kPa) I/min Multiple
(kPa)
Viking Microfast Model M-6 37.9 70.9 32.2 51.2
Piping Materials [Copper |
Calculations for 2 Sprinklers
System Flow Rate Sprinkler Load +  Domestic Load = L/min
64.4] + | 12l = | 76.4|L/min
Sprinkler Pressure Demand 51.2]kPa
Building Supply Pressure 500|kPa
Pressure Losses
Meter Loss @ flow 100|kPa (10)
Backflow Preventer Loss O|kPa (11)
Pipes, Valves and Fittings;
Pipe section Ring Main
Flow 76.4 L\min Equivalent Lgth Equiv Lgth
20mm Pipe 28|metres 28] = 28| metres
Valves 0] @ 03| = O|metres
90 deg Elbows 0] @ 0.9 = O|metres
Tees Run 0] @ 0.5 = O|metres
Tees Branch 0] @ 1.4 = O|metres
Other 0] @ = O|metres
Equiv Lgth Pressure Loss per metre
20mm Pressure Loss| 28] * | 295 = | 82.6|kPa (12.1)
Pipes, Valves and Fittings;
Pipe Section Supply
Flow 76.4 L\min Equivalent Lgth Equiv Lgth
25mm Pipe 19|metres 19 = 19|metres
Valves 0] @ 0.3 = O|metres
90 deg Elbows 2l @ 09| = 1.8|metres
Tees Run 0] @ 0.5 = O|metres
Tees Branch o] @ 1.4 = O[metres
Other 0] @ = O|metres
25mm Pressure Loss Total Length @  Pressure Loss per metre
| 208 * | 2.601] = [ 54.1008|kPa (12.2)
Elevation Loss:-
Highest Sprinkler above source 3 metres @ 9.81 kPa/m kPa (13)
Total System Pressure Losses (10+11+12.1+12.2+13)
Pressure Available at Sprinkler
Building Supply Pressure System Pressure Losses
| 500 - | 266.1308] = [ 233.8692|

Minimum Requirement kPa

Pressure acceptable or not; the pressure is greater than or equal to the required pressure for the sprinkler
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HyorauLic
SERVICES
CONSULTANTS

LimiTED

Level 1

8 Melrose Straat
Mewmarket

PO Box 62 081

Mt Wellington
Auckland

Ph 64 9 520 7738
Fax 6549 520 7739

Dear

Subject: Domestic Fire Sprinkler System
Prices for Installation

Further to our discussion, we attach herewith drawings and specifications of
the proposed layouts. Could you please calculate and submit a price for the
supply and installation of all pipework and sprinklers as indicated.

The purpose of this exercise is to compare the cost difference between the
pipe arrangement shown for an ordinary domestic layout and the combined
domestic and fire sprinkler system.

What we are trying to establish is; how much extra is it to install a sprinkler
system into an ordinary KIWI home?

By way of explanation, please note the following:-
There are four drawings @ A 3 size, one building section @ A4 size, one
specification page, two pages of technical data relating to the proposed

sprinkler, two Schedules of Quantities relating to each layout and one
summary page.
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I've given all the necessary measurements in the Schedule of Quantities, but
you can scale off the A3 plans at 1:50 scale or look at the numbers in the
circles on the Diagrammatic Sketch S-04 for my linear measurements.

Copper piping is used for both layouts. This is so a realistic comparison can
be made at the end of the exercise.

Piping Layout 1 - The Domestic Piping Layout

Sketches S-01 and S-02 show the proposed run of domestic copper piping,
excluding the sprinkler system. A DN 20 meter is all that is required to service
the domestic load, so please allow the standard METROWATER charge of
$580.00 for the installation of this meter. DN 20 copper is run in a trench to
rise in the Hot Water cupboard, then reticulate through the ceiling space to
drop in various walls to the domestic fixtures. You will note the largest size
pipe is DN 20, with DN 15 droppers and run-outs to each individual fixture or
hose tap.

Please prepare a price for the labour and material necessary to complete
this Domestic piping arrangement.

Piping Layout 2 - The Multipurpose Piping Layout

Sketches S-03 and S-04 show the proposed run of multipurpose copper
piping, including the sprinkler system. A DN 25 meter is required to service the
combined fire and domestic load, so please allow the standard
METROWATER charge of $710.00 for the installation of this meter. Please
also note that due to the sprinkler load, the main pipe run is increased to DN
25. Generally, DN 25 copper is run in a trench to rise in the Hot Water
cupboard, then reticulate through the ceiling space to carry to each sprinkler
and drop in various walls to the domestic fixtures. You will note the largest
size pipe is DN 25, with DN 20 required to each sprinkler and DN 15
droppers and run-outs to each individual fixture or hose tap.

The value of the sprinklers are fixed at $ 16.25 each and the escutcheon are
fixed $2.33 each.



Please prepare a price for the labour and material necessary to complete
this Multipurpose piping arrangement.

Could you please return your prices on your official company letter head with
as much breakdown as you feel you can supply. It would be good if you
could at least show a bottom line labour and material content for each type of
system.

Please don't allow for liaison with the Fire Service of New Zealand or the
Insurance Council of New Zealand, I'll allow an appropriate amount of money
when | summarise the exercise.

Fitting the sprinkler is a simple exercise of screwing the sprinkler into a DN 15
BSP (it's actually NPT, but BSP works at DN 15) socket welded onto the end
of a piece of DN 20 copper pipe. It's no more complicated than fixing a wing

back.

Thank you for assisting in this exercise, | appreciate it. Please come back to
me if you need any assistance.

Yours Faithfully

Peter Downey
Hydraulic Services Consultants Limited
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BRAMZ Sample Spnnkier

Specilicaton

Trade Specification for Installation of Domestic Sprinklers.

Name of Project:
Location:

Type of System:
Pipe Material:

Pipe Joints:

Pipe Fittings:

Pipe Protection:
Sprinklers:
Sprinkler Spacing:
Sprinklers Omitted:

Escutcheons:

Pipe Hangers and Clips:

Meter:

Backflow Valves:
Pressure Gauges:
Flow Alarms:

Sprinkler to Pipe Joiner:

Liaison with NZ Fire Service:

Testing of pipework:

Branches to Domestic Fixtures:

Hydraulic Services Consultants

Typical three bedroom home.

Suburban New Zealand.

Based on NFPA 13 D.

Copper.

Silver brazed.

Fabricated, pulled or manufactured tees and elbows.

Not required.

Viking Microfast Model M-4 (you are to allow $16.25 each).
4.9 metres x 4.9 metres.

Bathroom, WC compartment, Robes, HW cupboard, Laundry
Cubicle, Ceiling Space.

Semi-recessed, (you are to allow $2.33 each sprinkler).
Copper saddles or plastic uniclips.

25 mm water meter (a 20 mm meter will not deliver the flow
required) and isolating valve.

Not required.

Not Required.

Not Required.

15 BSP threaded connector (for sprinkler) x 20 CU brazing
socket.

Do not allow for any liaison or discussion with the NZ Fire
Service.

Allow to pressure test the entire multipurpose piping system to
1500 kPa for 15 minutes. Install sprinklers after testing.

Work to be undertaken to normal standards as specified under
Clause G 12 of the NZBC.

End of Specification

Rason e tssue: INformalion, pate 12/5/00

HYDARAULIC SERVICES: Domeslic Sprinkler Project Pagn 1

11€



May 27,

1. PRODUCT NAME
Viking Microfasr® Model M4 Smali
Orifice Aasidential Pendant Sprinkler
+ Base Part Numbar 09530
2 MANUFACTURER
Tha Viking Corporation
210 M. Industrial Park Road
Hastings, Michigan 49058, USA

Telephone: (616) 945-9501
(877) 384-5464
Fax: (616) 945-9599

e-mait. techsves @ vikingcorp.com

3. PRODUCT DESCRIPTION
Tha Viking Microlast® Modal M-4 Small
Orifice Acaidential Pandent Sprinkler is
a smaf, high-sensilivity, glasa-bulb
spray sphinkier. The spiinkler ks avail-
abis In several finishes, with tompera-
wre ratings to meel design require-
manls. The sprinkler Is Wated for use
below smoath, fat, horizantsl cell-
ings and ceilings with slopes up to
and dncluding a 812 (26.6%) plich.
The amafl adifics dasign, with a K-lactor

Sprinkler 140 a

Microfast®* MODEL M-4
SMALL ORIFICE RESIDENTIAL
PENDENT SPRINKLER

4. TECHNICAL. DATA

LISTINGS AND APPROVALS
Refer 1o Table 1 on page 140 d.

Soe chart for menimum water supply re-
quirements and maximum araas of
covorage.

Glass-bulb fluid temperature raled lo
-65 °F {-55*C).

Rated to 175 psi{1 207 kPa) water work-
ing peassure.

Factory tasted hydroslatically to 500 psi
(3 448 kPa)

Spring: USA Patent No. 4,167,974

Buib: USA Patent No. 4,796,710

Testing: USA Patent No. 4.831.670

Thread Size: %* (15 mm) NPT

K-factor: 4.3 (8,2 Meilc*)

* Matric K-lactar shawn is kor wso when prosduns |8
meatured in kP . When prasiue ks measumnd in
BAR. mufiply the metic K-factor shawn by 10.0

SPRINKLER MATERIALS

Frama: Brass Caslings UNS-CB4400

Defeclor: Brass UNS-C26000

Buib: Glass, nominal 3 mm dramatar

Soal: Tefan® Taps

Spring: Nickel Alloy

BScrew: Brasa UNS-C36000

Pip Cap: Copper UNS-C11000 and
Stanless Stesl UNS-530400

ACCESSORIES

Refer to the "SPRINKLER ACCES-

SORIES" section of the Viking Engi-

nearng and Design Data book lor ap-

proved sprinkler wrench and other ac+
cassorles.

5. AVAILABILITY AND SERVICE
i are ha

ootk of damastlc, Canacian, and n

lemalianal distribuiors. See the Yellow

Pages of the lelephana directory lor alo-

cal distributor (listed under “Sprin-

Klers-Automatic-Fire”) or comtact Viking.

of 4.3, altows efficient use of available wagv-' Data may be lound on
walar supplies lor the hydraulically da- The Viking Corporation's Wb sita at
signed fire-protection system. The it fvewwe wkingeoMp o
small, rugged, 3 mm glass-bulb and Tha Wab site may ncluda a mors recent
special deflector combing speed of op- #dtan of his data page.
oralion #0d arsas of covarago lo méel G, GUARANTEES

p . During
fice condilions, the heal-sensitive liquid
in the glass bulb expands, causing the
glass to shaner, releasing the pip-cap
snd sealing apring assembly. The water
fowing through the sprinklar arilice
stiikas the sprinkler deflectar, forming a

For details of warcanty, refer to Viking's
current kst price achadule or conlact Tho
Viking Comaration directly.

7. INSTALLATION

WARNING: Viking sprnklars are manu-

laciured l.nd tesied to meat the :vdrrhn-
a

unilarn spray pattarn 1o guish or
coniral the fire,

Form No. F_082095

C

sprinklers are deskyned fo be instalied in
accordance wilth racegnized Installation

slanderds. Dawiation from the standards
or any alteration to tha sprinkler after it
lgaves the lactory including, but not lim-
ded 100 painting, plating, coaling, of
maodification, may render the sprinkler
inog and will ticalty nullity
the approval and any guaraniea mada
by The Viking Corporalion.

A Sprinklers are o ba installed in accor-

dance with the latest published stan-
dards of the National Fire Protection
Association, Faclory Mutual, Loss
Prevantion Council, Assembles
Planiers, Verband dat
Sachversicherer or olher similar or-
ganizations, and also with provisions
of govemmental codas, ordinancas,
and # P it
Faor conditions not spacifically cov-
ared by the Standards, reler 1o the
“Viking Rasidantial Inslallation
Guide”
Final approval and acceptance of all
residential sprinkler installations
musl be cblained fram tha Authority
Having Jurisdiction. Residantial
sprirklers are speciak-$arvice span-
Klers lar uso i one- and two-famity
dwallings, mobila hamas, and resi-
dantial portions of oiher oCCupancies
where allowed. The use of residential
sprnklers may bo limiled due to oc-
cupancy and hazard, The minimum
fow rate indicated for a liatad area of
coverage must be provided at the
sprinklor. Therefore, the aysiem
musibe rlydral.lhm}t‘caloulaiud.nt-
fer lo the Authority Having Jurisdic-
o prior to mrstatiation.

B. Sprinkiers must be handled with care.
Thay must be siored in a cool, dry
place in their original contalner.
Never inslall sprinklers that have
been dropped of damaged in any
way. Never install any glass-bulb
sprinklur if the bufb is cracked or if
ihera is & lass of liquid lrom tho butb.
If a glass bulb lacks the approprizie
amount ol fluid, & should be set aside
and returned lo (nr an autho-
fized Viking distributor) for analysis
28 000 as possible. If the sprinkiar is
not ratumad to Viking, it should ba
daatroyed immaediately. Never install
sprinklers tnat have been e €
lamperalures in excass of the maxi-
mum ambien! temperature allicwed.
Sueh sprinklers should be destroyed

immediataly.
C omrasist inklers must
bo installed when subjact to carro-

sive almosphacas. Viking Microlasr®
Modsl M-4 Rosidantial Pondonl

Replacaa sprinkler page 140 a-c, daled June 4, 1598
{rovised pip-cap materials)



Sprinkler 140 d May 27, 1999

AR Microfast* MODEL M-4
“ K[NG . ~.TECHNICAL DATA = - - JETCENCETCF IS, N
AR N PENDENT SPRINKLER
F Sprinkier Sprind Colllng Temperatura st Sprinkler |

Temperature Tomperaturs Rating Maximum Amblent Maximum Recommendad oyt

c (Fusing Point) | Tomperature Atiowsd' | Amblent Temperature? | ©°%"
MM 155 °F |68 *C) 115 °F (48 *C) 100 °F (38 :-I L Fed
| intsmodiate 175 °F (79 °C) : 155 F (88 °C) o VRF(EST) | Yedow |
inkier Flnlshes: Brass Bright Brass, Chroma-E tants ingl, Whita (paint), snd Navajo Winte I

! Besod on National Fre Prevention and Control Administration, Contract No. 7-34860.
i Bacad on NFPA-13 Othac s may apply dapsending on fice loading, sprinkler location, and ather 1equiremmants ol tha Aumhanty Havieg,
| Judsaiction. Rela 1 $pecific insiatation smndards.

NPT Thread Size ! Nominal K-Factor Ovexall Length.
Dallacior Style e
W inch mm us mouie't lnghes mm Base Part Humber!
Pandent ® | T 3 52 225 | s12 09530
Appraval Chort! KEY
Microfast Model M4 Smail Orifice Tamperaturs
Residential Peadent Sprinkier a——Finah
- ATX #—€scuichoon (il applicatia)
{l Arsas Minlmumwygﬁﬂgfg!ﬂgu rements uLs 7
L UL
of Coverage! Sl Sprinker | Twoocmoresprmen | U0 | ¢ | W<
12212 1.5 gpm @ 7.2 pal | 11 5gpm @ 7.2 pai AIX AN
@BImx37m) | 1435 Umin  49,3kPa (4.5 Umin © 43,3 kPa '
(e 13.0 gpm @ 8.1 psl 1 11 5gpm & 7.2 pal AN ATX
(4amx43m) | 432 Umin O 63,0 kPa (13§ Umin @ 493wPa | B Bt
16 x 16 13.0 gpm @ 9.1 pel | 11.5 cpm @ 7.2 pai ALY Al L -
(48mx4dm) 4 _ (49,2 Uiin @ 63,0 kPa { (43,5 Umin @ 45,3 kP I
19 8 160 gpm @ lanpm 13.5 gor € 9.8 g AT AT ! -
_GS5mxS5m) (B0.6 Limin & 95,6 kPa 51,1 Lmn @ 68,0 xPa i
20' % 20 19.0 gpm @ 195 pal 17.0gpm @ 15.6 psi ALK X |-
{6, mx 61 m) mnu-:ungmsxpa GraUmin@ 1078xea | " i i
s Cailing A um" R
Area M m Water S Aequirements ' 7
(18 uLg NYct
af Coverageh' Single idor Two or More Spelaklers |
16" K16 18.0 gpm & 17.5 pal | 130 gom @ 9.1 psi AlK A1X -
(48mx49m) (68,1 Limin ©120,7kPa 49,2 @ 83 0kPa
Approved Agproved Finlahcs Appraved Escutcheons
Temparatures
1 - Brass, Brignt Buu.cnm X- mm wmm uuum;ummm Fa1
A-15SF(88TIana]  Enioy®, Whits ' d with th & & Modol
(ISF(ES°C | Navajo Whi qm E. l Recagsod Emnm
Footales

3 Base pad numbar shawn. For compiata part NuMber, 180 BrC8 iist, )
‘mmmmlmmmmdsthhltmmumW.cmwmulsmmmu Chack with S manudacturer

for any addional approvahs.

§ Lsting i5 for residental occupancies with emoath, flal. horlzonial caiings.

. m«mwummm@:mmuwuudmmm.u\z(msﬂm

¥ by Undeswriter's Labomlorias, inc. for use in Canada.

* Jor usa by City of Now York Depatmant el Buidings s ponding. ) .

* For areas of coveraga smafler ihan shown, uEe e “Minimum Water Supply Requirement® for na e largar arsd listad with aprinklers ol
glmiar K-factor.

W arsas under skoped ceilings must be measured along the coding slope. Actual foor cavorage under skoped callings will ba less han he
listad area of covernge.

1 Matic K-lactor shown i lor uso when pressurs [¢ medsured in kP3. Whan prassuro |s messured n BAR, muldply the matric K-tuctar

shawn by 10.0

V1 The Microtasf® Model F-1 Adjustable Escuicheon s 4 & surlace-mauntad #3culEhenn becauss 1 doas nol aliow the husibie ele-

ment of the sprinklar fo be recassed behind the lace of the wall ar ceiling.

MNOTE: Inytal | pendent sp wilh dak Eob 1*and 4* (25,4 mm and 102 mm) below the ealling For mcessed
irklor i jons, 10¢a1 the dol in N zone t A4* and 4* (19 mm and 102 mm) balow the celing.

Tahle 1

Roplaces sprinklar page 140 a-¢, daled June 4, 1998 Form Na. F_082095
(revised pip-cap maleriala).
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Three Bedroom House

Ser _ltem Description S | Unit,
Preamble
Pipe-in-trench rates shall include lor excavation,
sand bedding and backfill. Note
Pipe-in-wall rates shall include for all boring,
culting and notching. Mote
* | Pipe-on-joist rates shall include lor all
fixing clips and fastenings. Note
All pipe rates shall include for all running joints,
fluxes, brazing rod, elc. MNole
* | Rates for bends and tees can be either
pulled or fabricated. Note

Following is a description of pipe and fittings for
the reticulation ol the domestic waler pipe from
and including the water meter to and

including the wing back elbow.

Standard Water Reliculation 1o Domestic Fixlures

anty | Mat § |Mat Ext| Lab At|Lab Ext

1 |20 Cuin trench in sand bedding & backiill Metres| 15.60
2 | 20 Cu undar timber floor joisl Metres 2.00
3 |20 Cuin timber frame walls Matres 3.40
4 |20 Cu in ceiling space on limber joist Melres 2.60
5 |15 Cu in ceiling space on timber joist Metres 9.75
6. 15 Cu in timber frame walls Metres| 12.30
7 | 15 brass wing back elbow on timber wall No. 8
8 | 20 brass wing back elbow on timber wall (HWU) | MNo. 1
9 |15 bend No. 4
10|20 bend MNo. 8
11]20 tee No. 1
12|20 x 15 tee No. 3
13|20 x 15 x 15 tee No. 1
1415 teas No. 3
15 | 20 mm water meter No. 11$580.00| $580.00
16 | Connect 20 Cu to 20 water meler No. 1
___TOTALS (A) (To Summary)| ~* -

Hydraulic Services Consullants Limited (HSCL)
Job Name:- BRANZ Fire Sprinklers
Filo Name:- Lab & Mat, Standard Walter Reliculation

121

Reason For Issue.- Information
Dale of Issua:- 15/5/00
Page #:- 1



Three Bedroom House

Sprinkler Water Reticulation Mullipurpose Piping

Ser ltem Description =~ = _Unit| Qnty ; Mat § |Mat Ext Lab Rt|Lab Ext
Preamble )
Pipe-in-trench rates shall include for excavation,
sand bedding and backfill. Mote
Pipe-in-wall rates shall include for all boring,
cutting and notéhing. MNote
Pipe-on-joist rales shall include for all
fixing clips and fastenings. Nole

* | All pipe rates shall include for all running joints,
fluxes, brazing rod, etc. Note
Rates for bends and tees can be either
pulled or fabricaled. Note
* | Following is a description of pipe and fittings for
the reticulation of the sprinkler water pipe from
and including the water meter to and
including the wing back elbow and sprinkler.
1 |25 Cuin trench in sand bedding & backfill Metres| 15.60
2 |25 Cu under timber floor joist Melras 2.00
3 |25 Cuin timber frame walls Melres 2.40
4 |25 Cu in ceiling space on timber joist Metres 6.90
5 |20 Cu in timber frame walls (lo HWU) Metres 1.00
6 |20 Cu in ceiling space on limber joist Metres| 12.50
7 |20 Cu dropper to Sprinklers Malres 2.10
8 | 15 Cu in ceiling space on timber joist Metres 5.25
9 | 15 Cu in limber frame walls Melres| 12.30
10 | 15 brass wing back elbow on timber wall No. 8
11 | 20 brass wing back elbow on limber wall (HWU) | No. 1
12|25 bend No. 4
13|20 bend No. 9
14|15 bend No. 7
15|25 x 20 lee No. 6
16|25 x 20 x 20 tee No. 1
17|25 x 1518 No. 2
1820 tee MNo. 1
19|20 x 15 x 15 lee No. 1
20|20 x 15 tee No. 1
2115 teas MNo. 3
22 | 25 mm water meler No. 1|$710.00{$710.00
23 | Connect 25 Cu to 25 water meter No. 1
24 | Viking M-4 Sprinkler No. 7| $16.25/$113.75
25 | Connect 15 sprinkler to 20 Cu pipe No. 7
26 | Chrome plated escutcheon to sprinkler No. 7] $2.33] $16.31
_ TOTALS (B} (To Summary)| -~ PR 5 A _

Hydraulic Services Consultants Limited (HSCL) S

Job Name:- BRANZ Fire Sprinklers

File Name:- Lab & Mal, Sprinklar Water Reliculation Mullipurpose Piping

Reason For Issue:- Information
Dale of Issue:- 15/5/00
Page #- 2



Three Bedroom House

tem Description

SUMMARY

Item A
Enter the cost of the water reticulation to the
domestic fixtures from TOTALS (A)

ltem B .
Enter the cost of the sprinkler water reficulation
to the Multipurpose Piping from TOTALS (B)

Subtract item A from ltem B

Total the Mal $ and Lab Ext to show the
exira cost to install the sprinkler syslem

]

Hyaraa?c_s&}?‘o?s_a}mnaq?s_fﬁb?r}}_rﬁ_'séfj -

Job Name:- BRANZ Fire Sprinklers
Fillg Name:- Lab & Mat Summary,

Summary

Qnty | Mat § Mat Ext Lab Rt L_ab.E_krf

Unit

SR

 Reason For Issue - Information
Date of Issue.- 15/5/00
Page #:- 3

(1)

12



Spnnkler 140 d May 27, 1999

NIKING

Microtasr* MODEL M-4
SMALL ORIFICE RESIDENTIAL
PENDENT SPRINKLER

Spriakisr © Maominul $p ‘luu i Colling Temparaturs at Sprnkles Bulb l
Temperature Temperalure ng i Maxl Ambl Recommendad
Classificaion | (Fusing Palnt) . Tomporature Atiowed' |  Amblent Temperature® 'C-o-l?r“
Ordinary *F {68 *C) : 135 °F (48 *C) 100 *F (38 *C) oy Ped
Intgrmediate 175 °F (76 *C) . 155 °F [88 *C) __13°F {ss Ty} Yelow |
Sprinkier Flnishes: Brass, Brighi Brass, Chioma-Enl fonis ing), Whits . and Nauaﬂmme ipaing e

1 Besod on National Fve Prsvenion and Contol Adminlstration, Gontract No. r-s..m
# Batad on NFPA-13 Othas limits may apply dopending o0 fire 'oading, spriakier location, and othar isquirermnts ol tha Authanty Having

Judsgiction. Halur 1 specilc instanation smndards.

Defloctor Style NPT Thread Sizs Haminal K-Factor | Overail Length Base Part Number?
tnch mm us moirc!! Inches | mm
Pondort | L L s . 49 | 82 | 228 512 09530
Approval Chprtt KEY
Microlast Model M-8 Small Orlfice [—‘-*"
Resldential Pendent Sprinkier
. A1I ﬂw;mﬂiapﬂmh:
M Areas M_Mmlmgm Water Supply Roquirements | uLs -;Lc’ NYG*
of Coveraga smgla sgrl.nmr i _Two or More Sprinkiers | SRR S
[FE3ts gpm @ 7.2 psi i hSgpm@72pm ALK ALK
(3.7mz3.7m) msmweam . (435 min @ 493 %Pa A
[rEEs 13.0 ppm @ 9.1 psl 1 !5 gpm @ 7 2 psi AlX Arx
(43mxd3m) {49.2 Limin @ 63,0 kPa ! [(A3SUen @ 49dkPa | S S S
165 2 18 13.0 gpm @ @) psl i 1.5¢cpm @ 7.2 psi ALK AlX .
{48mxd9m) | (49,2 Urnen @ 63,0 kP2 43,5 L @ 49,3 KPs ~
18 x g |[ 160 gpm @ 138 pai i 3.5 gpm @ 9.0 psi AKX ALX -
__{55mx5.5m] _{B06UmMn@e5EKkPa_ (51,1 Limin @ 680 kPa A
forr 19.0 gpm @ 195 pai W.0ogpm @ 156 psi ALX ALK ¢ -
N AR ETAY:) (F1oUmin @ 1346KkPa " (64,4 Lmin @ 107 8 kPa 1
Sloped Celiing Approvais'® P —
"‘ﬂ Minlmum Water S Iy Requiremenls uLt uLc? HYC?
of Coverage® Single Sprinklec | Two or Mors Sprinklers
16 0 16 18.0 gpm @ 17.5 pal . 13.0 gpm @ 9.1 psi ALK AKX -

(43 m x49m) (68,1 Umin @1207kPa . (49,2 Uman @ B30 kP
Appraved H Approved Finlahes Approved Escutcheons

Tem; tures
pard 1 - Brass, Brigt Brazs, Chrome-* X - S wurls d h um:'ui_asﬂ Mol F-1
A+ 135°F (88°5) and qﬁ' Whis (pain, o ! "2, or d with th A c® hodol
{75 *F (79 *C) €-1 Rocassad Fsculcheon
Footnates

7 Base part numbar thown. For complata part number, $80 or.ce st
 This chart shows the fistings ard approvals availabia st the kma cf printing. Olre* Applovals a1 In process. Check with By mazducturer

for any addiional approvels.
1 Listing . for ressdental eccupancies with smooth, flal. honzontal caillings.
£ i3 for residential occupancies with smoath collings with 3iopes up 1o and ncludng & &12 (26.67) prien.

7 Listed by Underwriter's Laboratorias, k. for use in Canada.
* Accoptancs lor uso by City of Now York Dspanmant ¢f Buidings 15 ponding.
* For areas of coverage smafier han shown, uéd ha “Minimum wmf Supply Roquirement” for 118 nuxt largar arsa ksied with sprnklers of

slmiar K-factor.
 Argas under soped Colings must be menaursd alang the ceing slope. Actual floar cavorage undar sloped colings wil b3 less than the

listad area of coverage.
1 Matric K-lactor shown I8 for usa whin prossurs s measured In kP2, Whan pressuro is measwed « BAR, muldply the metrc K-fuctar

shown by 10.0
'T The Microtasf® Model F-1 Adustable Escutchaon s dered & suace-rountad BSculchoon bocausa t doas nol allow the lusibia ela-

meni of ihe sprinklar 1o be recassed behind the face of Ihe wall 3 coding.
NOTE: tnslalt raci pendent spri with g, b 17 and 4' (25,4 mm and 102 mm) belcw the eailing. For recazaed
sparkdan inslailabong, mwmmmm a zona batwasn 34" and 4° {19 mm nd 102 mm] talow the celing.
Table 1

Aoplaces sprinklar paga 140 a-¢, dalad June 4, 1998 Form No. F_0B82095

(revised pip-cap malerials)
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[X3 LY

b)
c)
d)

(- -

W~

[
-0

12.1

12.2

13

14

15

16

Job name:- Typical 3 bedroom house (2 SPRINKLER IN COMPARTMENT, DN 20 PIPE) |
Localion - Suburbs {USING 12 L/ M FOR DOMESTIC LOAD) |
Sprinkler Flow Rate | Flow Rate |Pressure |Flow Rale |Flow Rate |Pressure |
Selected Single {I/m] Single (Is) | Single (kPa) | Multiple (Vm)| Multiple (I/s)| Multipte [k__l’4
Viking Microfast Model M-4 49.20 0.82 63.00 43.50 0.72 49.30
Piping material:- COPPER
Calculations for #:- ..___2] Sprinkers (single or mulliple) S
System Flow Rale:- . 144] pus [ 02 equas [ 1.64] L persec
Sprinkler I/s plus Plumbing I/s  equals L per sec

Sprinkler pressure damand:1 .
Building supply pressure -
Pressure losses

Velocily flow loss (kPa/m)

20mm | | kPa/m
25mm| J kPa/m
32mm | kPa/m
Meter loss @ flow:- | o “1”0_9] kPa (10)
Backilow preventer loss - O] KkPa(i11)
Pipes, valves and fittings:-
Pipe Seclion B-C
Flow . 0.72 L/sec -
20mm Ppe -1.8] melres .1 | equals 0 metres
Valves | . #@ 0.30 | equallgth | | metres
90 deg elbows I | @ 0.90 | equallgth | melres
Teesrun | # @ 050 equal igth | melres
Teesbranch | _ @ _ 140 _ | equaligth melres
Other | #@ | I equal Igth metres
20 mm pressure loss I L _g_,_?l @ |_ ) _3._681| equals [ ng kPa(12.1)
Total Igth @ Press loss equals kPa
Pipes, valves and fittings:-
Pipe Section CR
Flow _ 164 L/sec o I
20 mm Pipe 26.9] metres | 1 | wequals | __ 26.90| melres
Valves @ 0.30 equal igth | meltres
90degelbows | 4 #@ 0.90 equaligth | 3.60( melres
Tees run @ 0.50 equaligth | | melres
Tees branch 2 @ 1.40 equal igth 2.80| melres
Other @ | jequalgth| | melres
20mmpressueloss [___33.3] @ [ 16.88] equals [ 562.104] kPa(i2.1)
Total Igth @ Press loss equals kPa
Elevation loss:- . —
Highest sprinkler above source L___ o _3—| metres @ 9.81 kpa/M= [_ ______ M] kPa(13)
TOTAL SYSTEM PRESSURE LOSSES (10+11+12.1+12.2413) [ 701.4727] xPa(14)

Pressure available at sprinkler o o
[ 500 tess [ 701.4727] equals [ -201.4727] kPa
Building supply pressure (8) System pressure losses (14) I
Minimum requirement | 49.3] kPa
Pressure acceptable (or not); the pressure is greater than or equal to the requirec[l_ p'rgs,glirﬂqr] the sprinkler
NO _ | Y/N

12t
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b)
c)
d)

L

L-N--

10

12

12.1

12.2

13

14

15

16
17

Job name:- Typical 3 bedroom house (1 SPRINKLER IN COMPARTMENT, DN 25 PIPE) |
Location:- Suburbs {USING 12 L/ M FOR DOMESTIC LOAD)
Sprinkler Flow Ralte | Flow Rale |Pressure |Flow Rale |Flow Rate |Pressure
Selecled Single (Vm Single (I1s) | Single (kPa) | Mulliple (Vim)] Multiple (I's)| Mulliple (kP
Viking Microlast Madel M-4 49.20 0.82 63.00 43.50 0.72|  49.30
Piping malerial:- COPPER e . !
Calculations for #:- _ 1| Sprinklers (single or mulliple) T
System Flow Rate:- | 0.B2 plus f___ _____04_21}' equals |__ o 1_:Q| L per sec
Sprinkler /s plus Plumbing /s equals L per sec
Sprinkler pressure demand:«1 o __B§3_| kPa
Building supply pressure:- _ 500] kPa
Prassure losses
Velaocity flow loss (kPa/m)
20 mm _| kPaim
25mm | kPaim
32mm _.| kPaim
Moter loss @ flow:- | o __'_’1@:;_1 kPa (10)
Backflow prevenler loss:- B 0] kPa(11)
Pipes, valves and fillings:-
Pipe Section ) CD
Flow .. 0.82 L/sec e
20mm Ppe| = 18| melres 1. | equals ) B0| melres
Valves - @ 030 | equaligth| | melres
90degelbows | 1 # @ ..0.90 | equaligth | metres
Teesrun|{ #@ 0.50 equal Igth | metres
Tees branch — #@ | 140 equal lgth | ~  0.00| metres
Other | #@ S equal Igth melres
20mmpressureloss | 271 @ | 468] equas [ 12.64] kPa(12.1)
Total Igth @ Press loss equals kPa
Pipes, valves and fittings:-
Pipe Section CR
Flow __1.02 L/sec I R
25mm Pipe metres | 1 | equals | __ 26.90| melres
Valves @ 0.30 equal lgth l
90 deg elbows | t@ | 0.90 | equal Igth 3.60] melres
Teesrun | i@ 0.50 equaligth | | melres
Tees branch #@ 1.40 equaligth |  2.80| melres
Other | #@ | lequallgh| | melres
25mmpressureloss | 33.3] @ [ 4202] equals [ 139.93] kPa(12.1)
Total Igth @ Press loss equals kPa
Elevation loss:- R S—
Highest sprinkler above source [ 3lmetres @981kpa/M= [ 29.43] kPa(13)
TOTAL SYSTEM PRESSURE LOSSES (10+11+412.1+12.2413) [ 282.00] kPa(14)
Pressure available at sprinkler I .
[ 500] tess [ 281.998] equals [ _218.002] kPa
Building supply pressure (8) System pressure losses (14) - N
Minimum requirement [ o _(3_§| kPa

Pressure acceptable (or not); the pressure is greater than or equal to the requirad[ pressure _lgn_rI the sprinkler
_.YES | YIN

12¢
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b)
c}
d)

£

=N

-
N =0

12.1

12.2

13

14

15

16
17

Job name:- Typical 3 bedroom house (FOR TWO SPRINKLES IN COMPARTMENT)
Location - Suburbs {USING 12 L /M FOR DOMESTIC LOAD)
Sprinkler Flow Rate | Flow Rate | Pressure Flow Rate |Flow Rate |Pressure
Selected Single (/m] Single (I/s) | Single (kPa} | Multiple (/m)| Multiple (I/s)| Multiple (kPal
Viking Microfast Model M-4 49.20 0.82 63.00 43.50 0.72 49.30!
i
Piping material- - |COPPER |
Calculations for #:- I 2' Sprinkders (single or multiple) : o
System Flow Rate - L 1.44 pus [ 02| equas | 164 L per sec
Sprinkler /s plus Plumbing I/s  equals L per sec

Sprinkler pressure demand:i_,__,_ 4,?&] kPa
Building supply pressure:- _ 500 kPa
Prassure losses

Velocily flow loss (kPa/m)

20mm|_ | kPa/m
25mm | N ‘ kPaf/m
32mm| | kPaim
Meter loss @ flow:- l _ .._19@‘ kPa (10)
Backflow preventer loss - 0] kPa(11)
Pipes, valves and fittings:-
Pipe Section C-D
Flow 0.72 L/sec S S
20mm Ppel 1.8 _..1 | equals | 1.80| melres
Valves 0.30 equal Igth | metres
90 deg elbows | 090 | equallgth | _ 0.90] metres
Tees run _0.50 | equal Igth | metres
Tees branch | _ 1.40 | equallgth |  0.00} metres
Other | I D - _| equallgth | metres
20mmpressurcloss [ 27 @ | 368 equals | 9.94] kPa (12.1)
Total Igth @ Press loss equals kPa
Pipes, valves and fittings:-
Pipe Section CR
Flow 1.64 L /sec o R
25mm Pipe 26.9) metres | 1 | equals | 26.90| melres
Valves @ _0.30 equal Igth | meltres
90 deg elbows 4 r@ 0.90 equal Igth _3.60| metres
Tees run t@ 0.50 equallgth | | melres
Tees branch 2 f@ 1.40 equal Igth 2.80| melres
Other @ . equallgth | | melres
osmmpressureloss [ 33.3] @ | 4.202] equals 139.93] kPa (12.1)
Total igth @ Press loss equals kPa
Elevation loss:- B o _
Highest sprinkler abave source [ 3lmeres @981kpaiM= [ 29.43] kPa(13)
TOTAL SYSTEM PRESSURE LOSSES (10+11+12,1412.2+13) [~ 279.30) kPa(14)

Pressure available at sprinkler o o
[ 500l tess [ 279.2953] equals [ 220.7047| kPa
Building supply pressure (8) System pressure losses (14) e
Minimum requirement [ o 49.3] kPa
Pressure acceplable (or nol); the pressure is greater than or equal lo the required pressure I_O_j the sprinkler
YES YIN




