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 Most deaths caused by fire in homes occur at night.  The occupants are generally 

sleeping and there may or may not be a smoke alarm present.  If a smoke alarm is 

close to the source of the fire it will possibly activate early enough to provide the 

waking residents time enough to exit the dwelling.  But if the smoke is trapped in 

a room without an alarm, the fire may be too far along to permit exit of the 

dwelling by the time the alarm sounds.  Over 85% of fire deaths occur in the 

home.  Fire protection is a life safety issue. 

 

 Smoke detectors have shown to increase survival rates by 50%, while sprinklers 

plus smoke detectors are estimated to increase survival rates by 97%. 

 

 In April 2000 a new paragraph (s. Comm 82.40(3)(f)) Multipurpose piping 

systems) was included in the Wisconsin Administrative Code.  This was the result 

of Wisconsin adopting most of NFPA-13D.  As of March 1, 2009, the definition 

of a multipurpose system was revised to mean a water distribution system 

conveying water to plumbing fixtures and appliances and to automatic fire 

sprinklers with the intention of serving both domestic and fire protection needs. 

 

 The subsequent chapters in this manual are intended to familiarize the reader with 

the materials, design method and sizing of a multipurpose piping system.  This 

manual assumes that the reader has a basic knowledge of the pressure available 

for uniform loss method of sizing the water distribution system.  For an in depth 

explanation of that method, the department has available another manual titled, 

Sizing the Water Supply System.   
 

 There are three different types of piping systems used in the design of a 

multipurpose piping system.  They are: 

o The tree type system. 

o The looped system. 

o The network system. 

 

 The looped system, network type system and any system served by a municipal 

water main less than 4-inches in diameter require hydraulic calculations as per 
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NFPA 13.  The water calculation worksheets designed for sizing plumbing piping 

and the fire-water calculation worksheets designed for sizing residential sprinkler 

demand and the friction loss tables on type of materials in SPS 382.40 – 4-11, use 

the same formulas such as the Hazen & Williams and velocity formulas required 

in NFPA 13.  Proper use of the design manual worksheets will meet the hydraulic 

calculation procedures in accordance with NFPA 13. 

 

 The Wisconsin Plumbing Code by definition states that a Multipurpose piping 

system is a water distribution system (SPS 381.01(156)) and is that portion of a 

water supply system from the building control valve to the connection of a 

plumbing fixture or fixture supply connector, plumbing appliance, water using 

equipment, or other piping systems to be served.  Any piping intended to serve 

residential sprinklers on a multipurpose system shall be connected to the water 

distribution system (downstream of the building control valve). 

 

 How do Multipurpose Systems (MPP) save lives? 

By incorporating a sprinkler system with a plumbing water distribution system, 

the cost of installing a high degree of fire protection in a dwelling is brought 

within reach of the average homeowner, current estimates are at $ 1.61 per square 

ft.  The design of a MPP system is intended to keep the fire contained, allow 

enough time to escape, and prevent the fire from going to flashover.  In 

approximately 93% of the time, the fire is completely extinguished.  Of great 

importance is addressing the time of a fire event.  A fire can grow from first flame 

to flash over in less than 5 minutes, completely trapping any occupants who may 

be unaware of the developing disaster.  Toxic smoke and extreme heat reaching 

over 1100 degrees F. can quickly overcome a life in just a few breaths.  It is in 

this volatile arena of smoke, heat, flame, and initial 5 minutes of time that the 

MPP system is designed for, a fire department as good as they are, cannot address 

this initial period of time.   

 

 Multipurpose piping systems are allowed not required in the State of Wisconsin 

for one and two family dwellings since May 1, 2000.   

 

 MPP systems for public buildings are allowed with restrictions in accordance with 

SPS 362.0903(6) since March 1, 2008. 

 

 MPP systems for public buildings will be one option to meet the sprinklering 

requirements mandated after December 31, 2010 for public buildings as identified 

in SPS 362.0903(6).  For further information refer to Chapter 11 in this manual. 

 

 A Multipurpose piping system is defined as plumbing and as such can only be 

installed by a Master Plumber responsible and the Journeyman and Apprentice 

Plumbers under the Master Plumber’s responsibility.  A Master Plumber 

Restricted Licensed person may perform modifications to an existing system only. 
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 Chapter 1  

 Definitions and Materials 

 

 Definitions 
 

 Authority Having Jurisdiction.  The organization, office, or individual responsible for approving 

equipment, materials, an installation or a procedure (3.2.2).  

 

 Automatic Sprinkler System.  An integrated system of piping connected to a water supply, with 

listed sprinklers that automatically initiate water discharge over a fire area.  Where required, the 

sprinkler system also includes a control valve and a device for actuating an alarm when the system 

operates (3.9.9). 

 

 Control Valve.  An indicating valve (such as plug valves, ball valves, butterfly valves, or OS & Y 

gate valves) used to control or shut a supply of water to a sprinkler system (3.3.10.2). 

 

 Design Discharge.  The rate at which water is discharged from an automatic sprinkler in gpm 

(3.3.2). 

 

 Labeled.  Materials or equipment with an accompanying identifying mark of an organization such 

as a label or symbol attached thereto that is recognized and accepted by the authority having 

jurisdiction and having a concern with product approval.  By such label the manufacturer 

expresses compliance with the appropriate standards and / or performance specifications (3.2.3).   

 

 Listed.  Equipment or materials included in a list published by an organization that is acceptable 

to the authority having jurisdiction and concerned with evaluation of products or services, that 

maintains periodic inspection of production of listed equipment or materials or periodic evaluation 

of services, and whose listing states that either the equipment, material, or service meets 

appropriate designated standards or has been tested and found suitable for a specified purpose 

(3.2.4). 

 

 Manufactured Home.  Has the meaning specified under s.101.91 (2), Stats.  Note: A structure that is 

designed to be used as a dwelling with or without a permanent foundation and that is certified by the federal 

department of housing and urban development as complying with the standards established under 42 USC 5401 to 

5425.  (c) A mobile home, unless a mobile home is specifically excluded under the applicable statute.   

 

 Multipurpose Piping System.   Means a type of water distribution system conveying water to 

plumbing fixtures and appliances and automatic fire sprinklers with the intention of serving both 

domestic and fire-protection needs (SPS 381.01(156).  

 

 Network System.  A type of multipurpose system utilizing a common pipe system supplying 

domestic fixtures and fire sprinklers where each sprinkler is served by a minimum of three 

separate paths (3.3.9.4). 

 

 Residential Sprinkler.  A type of sprinkler that meets the definition of fast response as defined by 

NFPA 13D, Standard for the Installation of Sprinkler Systems in One – Two Family Dwellings 

and Manufactured Homes 2007 Edition, and that has been specifically investigated for its ability 

to enhance survivability in the room of fire origin and that is listed for use in the protection of 

dwelling units (3.3.8.2).   
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 Sprinkler, Automatic.  A device that will control or suppress a fire event when it is exposed to 

heat equal to or above its thermal rating and the heat actuated element opens to allow water to 

discharge over a specific area.(3.3.8.1). 

 

 

 

 Materials 
 

 Piping. 

 

 The pipe or tubing which conveys the water to the sprinklers shall conform to both SPS 384.30 

table 384.30-8 and NFPA 13D.  This means that as long as the water in the pipe is on its way to a 

sprinkler, it shall conform to both.  Piping that is serving only domestic plumbing fixtures or 

appliances need conform to only table SPS 384.30-8, (5.2.1, A.5.2.1). 

 

 The table below is taken from s. SPS 384.30.  

 

  

 

 All of the materials in the table are approved for water distribution piping serving fixtures and 

appliances with the stipulations in the footnotes, but not all the pipe is approved for multipurpose 

piping in a one or two family residence.  There are 4 materials currently in this table that are 

acceptable to NFPA 13D for use as multipurpose piping to sprinklers.  

 They are: 

Chlorinated Poly Vinyl Chloride (CPVC) ASTM F442. 

Copper ASTM B88. 

Galvanized Steel ASTM A53. 

Cross linked polyethylene (PEX)  ASTM F876 

 

 All non-metallic pipe must be listed as well as meet the standard.  Some nonmetallic tubing is 

listed for use with ordinary temperature-rated sprinklers only. 
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 Galvanized Steel has a minimum diameter of 1-inch.  Cross linked polyethylene (PEX) ASTM 

F876 tubing is approved in network systems that are ½ -inch diameter.  The minimum size for the 

rest of the material is ¾-inch diameter.  (8.4.3) 

 

 

 

 Pipe Fittings and Valves 

 

 Pipe fittings in the multipurpose piping system serving sprinklers shall conform to the pipe 

material standards listed in s. SPS 384 or Table 384.30-10 Wis. Adm. Code and NFPA 13D.  The 

joints shall be made in conformance with s. SPS 384.40 Wis. Adm. Code and NFPA 13D. 

 

 Valves on the piping which serve sprinklers shall conform to s. SPS 384.30(5) Wis. Adm. Code 

and NFPA 13D. 

 

 Hangers and Supports 

 

 Hangers and supports shall conform to s. SPS 382.60 Wis. Adm. Code.  This includes the spacing 

requirements in Table 382.60.   

 Additionally, listed piping shall be supported in accordance with any listing limitations.  An 

example is CPVC ASTM F442 tubing is listed for use with galvanized steel straps.  

 

 When a sprinkler discharges, the velocity in the pipe or tubing may be 8-feet per second.  This 

velocity can cause the movement of the tube or pipe if it is not supported properly.  Piping laid on 

rafters or joists shall be secured to prevent lateral movement. The sprinklers should be secured as 

close to the sprinkler as possible to assure the sprinkler will discharge over its intended coverage 

area (7.4.3, 7.4.4). 

 

 Sprinklers 

 

 Only listed residential sprinklers shall be used.  These sprinkler listings are based on tests to 

establish the ability of the sprinklers to control residential fires under standardized fire test 

conditions.  The criteria used for such tests are found in UL 1626, Standard for Residential 

Sprinklers for Fire-Protection Service. 

 

 Temperature Ratings.  Where the maximum ambient ceiling temperatures do not exceed 100
o
 F 

(38
o
 C), ordinary temperature-rated residential sprinklers shall be installed.  These are designed to 

operate at 135
o
 F to 170

o
 F (57

o
 C to 77

o
 C). 

Sprinklers installed under glass or plastic skylights exposed to the direct rays of the sun shall be 

the intermediate temperature-rated sprinklers designed to operate at 175
o
F to 225

o
F (79

o
C to 

107
o
C). (7.5.5)  

 

 Sprinklers installed in an unventilated concealed space under an uninsulated roof or in an 

unventilated attic shall be intermediate temperature-rated sprinklers. (7.5.5.3) 

 

 Sprinklers installed near other heat sources or obstructions, shall meet the requirements of NFPA 

13D Table 7.5.5.3 and 8.2 Position of Sprinklers.  
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 Sprinklers that have operated or have been damaged shall be replaced with sprinklers having the 

same performance characteristics as the original equipment (4.2.2). 

 

 A sprinkler shall not be permitted to have ornamental finishes or paint applied to its surface by an 

individual other than the manufacturer of the sprinkler and shall be part of the listing (7.5.6).  

 

 

 

 

 

 

 Wisconsinisms 

 

 Sections 7.6, 6.3(4), 8.1.3, and 8.6 of the NFPA 13D 2007 Standard do not apply. 

 

 Section 7.6 covers water flow alarms, and the requirement for such an alarm on a water 

distribution system is exempted. 

 

 Section 6.3(4) covers one of the conditions to meet acceptability for a MPP system in that it must 

be permitted by the local plumbing or health authority.  This is not the case, the authority having 

jurisdiction is the Department of Safety & Professional Services.   

 

 Section 8.1.3 refers to Sprinkler Coverage; sprinklers shall be installed according to their listing. 

Section 8.1.3.2. Non residential sprinklers are not allowed. 

 

 Section 8.6 Location of Sprinklers, applies only on a full 13 D system, not a partial system. 
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 Chapter 2  

 MPP System Requirements 

 

 Multipurpose piping systems are dependent upon installation criteria supplied by the manufacturer 

of the sprinklers and NFPA 13D to function properly when discharging.  Failing to install the 

sprinklers and piping per the requirements of the manufacturer and NFPA 13D could result in the 

system failing to control a fire. 

 

 The system shall be designed to provide a discharge of at least 18 gpm to any single sprinkler and 

at least 13 gpm per sprinkler for compartments with multiple sprinklers, to a maximum of two 

sprinklers or the system shall provide at minimum the flow required to produce a discharge 

density of 0.05 gpm/ ft
2
 to the design sprinklers, in accordance with the manufacturers sprinkler 

listing specifications (8.1.1.2.2)  You can have more than two sprinklers in a compartment, but for 

design purpose, the two most remote or demanding sprinklers in a compartment under a flat, 

smooth horizontal ceiling, shall be used in the design of the system. (8.1.1) 

 

 Where there are multiple sprinklers in a compartment, calculations shall be provided for the single 

sprinkler criteria and the multiple sprinkler criteria. (8.1.1.2.1) 

 

 A compartment is an area that is enclosed on all sides by walls and a ceiling.  The compartment 

can include doorways or openings to adjacent rooms, provided the lintel depth is less than 8 inches 

from the ceiling.  

 

 

 

 

      Less than an 8-inch lintel 

 

 

 

 

 

 

 

 

One compartment 

 

 

 The demand of the fire sprinkler and water distribution system shall be calculated by determining 

the greater controlling demand of a sprinkler(s) or plumbing fixture on the system. 

(8.1.2) 

 Example; The sprinklers used in a compartment are listed in a table by the manufacturer.  The 

room you want to protect is 14 ft by 20 ft.  In the manufacturers literature, the sidewall sprinkler 

being considered to use has a coverage area of 14 ft by 14 ft at 10.2 psi., 14 gpm demand (2 

sprinklers, 28 gpm demand) What that means is that with a pressure available at the sprinkler of at 

least 10.2 psi, the discharge would cover an area out away from the sprinkler to 14 ft and 7 ft on 

each side of the sprinkler. 
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                               20ft 

 

         7 ft                 8 ft 

 

 

14 ft 

 

 

 

 

 

 One sprinkler could not cover the entire room, therefore 2 sprinklers would have to be installed.   

 

 In order to prevent one sprinkler from keeping the other from discharging, sprinklers shall be 

installed in accordance with their listing where the type of ceiling configuration is referenced in 

the manufacturer’s listing.  Sloped ceilings do have a minimum distance of 8 ft between 

sprinklers. Without a minimum distance between sprinklers discharge spray from the first 

sprinkler could cover the sprinkler next to it.  This is called cold soldering.  The spray from the 

first sprinkler that discharges would keep the fire from heating the frangible bulb on the sprinkler 

next to it.  

 

 A maximum distance from a sprinkler to a side wall of 7 feet would have to be maintained when 

using the criteria for the 14 ft x 14 ft coverage area.  If the distance would exceed 7 feet, you must 

use the next higher coverage area criteria in your calculations.  That would probably take it up to a 

16 ft x 16 ft coverage area.  But the amount of water pressure required to cover the larger area 

would increase.  The higher flow rate would then cause a greater pressure loss from flow friction 

in the pipe. 

 

 There is no volume control on sprinklers.  As a result, if the sprinklers are placed within the limits 

for the 14 ft x 14 ft coverage and there is more pressure available than required for that coverage, 

more water will discharge than called for. 

 

 The minimum 18 gpm for a single sprinkler and 13 gpm for multiple sprinklers do not apply to all 

sprinklers.  Lower flow rates are allowed but the manufacturer of the sprinkler shall have 

sprinklers tested and approved by a listing agency.  The minimum operating pressure of any 

sprinkler shall be the higher of the minimum operating pressure specified by the manufacturer’s 

listing or 7 psi. (8.1.4) 

 

 Water Supply Requirements 
 

 Multipurpose piping systems are dependent upon a reliable source of water.  The following 

sources are considered to be reliable. (6.2) 

 

 Water supplied from a municipal water main  (reliable waterworks system).   

 Water supplied by a private well is a reliable water source if the pressure tank meets the standards 

of the American Society of Mechanical Engineers and has a pressure source such as a well pump 

or booster pump.  
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  A stored water supply shall have a minimum quantity equal to the water demand rate times 10 

minutes.  A one story dwelling or manufactured dwelling with less than 2000 square feet is 

permitted to have a 7 minute water supply. 

 A stored water source with an automatically operated pump. 

 

 Water demand rates for multipurpose piping;  

 Systems are determined by the most demanding sprinkler or sprinklers in gallons per minute.  That 

could be a single sprinkler or multiple sprinklers.  If there is no compartment in the dwelling 

containing more than one sprinkler, the highest gallon per minute demand from any sprinkler in 

the dwelling determines the 10 minute supply.  If the sprinkler demands 17 gallons per minute for 

its coverage area, the stored water shall equal 170 gallons.  If there are multiple sprinklers in a 

compartment, the total gpm demand from both could equal 28 gpm.  28 gpm times 10 minutes 

equals 280 gallons of storage. 

 

 Two family dwellings require an additional flow of 5 gallons per minute added to the sprinkler 

system demand when determining the pressure loss in the water service, water meter and any 

piping which serves both dwelling units.  The additional domestic design demand shall not be 

required where provisions are made to prevent flow in the domestic water system upon the 

operation of a sprinkler.  (6.3 (1)) 

 

 A sign shall be affixed adjacent to the building control valve that states with the following text in 

¼-inch high letters; “ Warning, the water system for this home supplies a fire sprinkler system that 

depends on certain flows and pressures being available to fight a fire.  Devices that restrict the 

flow or decrease the pressure such as water softeners shall not be added to this system without a 

review of the fire sprinkler system by a fire protection specialist.  Do not remove this sign.”  (6.3 

(5))  With the code changes for March 1, 2009, additional wording is required. 

 Identification of the type of MPP system installed is required, whether it conforms to a full 13D 

system, or whether it does not conform to a full 13D system.  The State of Wisconsin allows 

partial systems regarding the number and location of sprinklers on one and two family dwellings 

as long as they are identified as such. 

 

 In subsequent chapters, you will learn how to perform calculations and size a multipurpose piping 

system for a single family home.  Hydraulic calculation procedures in accordance with NFPA 13, 

Standard for the Installation of Sprinkler Systems, shall be used for straight run (tree) type 

systems, grid-type systems, looped-type systems and systems connected to city water mains of less 

than 4 inch in diameter (8.4.4). Segmented loss calculations using the ‘tree type’ straight run 

system are allowed only on MPP systems connected to a 4” or larger municipal main.  Grid-type 

systems shall be permitted to be ½-inch diameter tube. 

 

 Sprinklers are not required in bathroom areas of 55 ft
2
 or less.  (8.6.2) 

 

 Linen closets, pantries and clothes closets do not require a sprinkler if the area of space does not 

exceed 24 ft2, and the least dimension does not exceed 3 feet, and the walls and ceilings are 

covered with noncombustible or limited combustible materials that are defined in NFPA 220, 

Standard of Types of Building Construction. (8.6.3) 

 

 Sprinklers are not required in garages, carports, and similar structures.  Unheated entry areas and 

porches do not require sprinklers when another means of exit is available. (8.6.5) 
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 There is no sprinkler requirement for attics or crawl spaces or concealed spaces that are not used 

or intended for living purposes and do not contain fuel fired equipment. (8.6.5) 

 

 Obstructions such as ceiling fans and lights require a minimum distance of 3 feet center to center 

from a pendant sprinkler, and 5 feet to center from a sidewall sprinkler.  If these distances cannot 

be maintained, then an additional sprinkler shall be located on the other side of the obstruction. 

(8.2) 

 

 Unfinished basement ceilings are allowed when protection of piping is not required according to 

listed manufacturer’s specifications, or where galvanized or copper tubing is installed.  Residential 

sprinklers shall be permitted to be installed with the anticipation of a future installation of a 

finished ceiling. (8.2.4) 

 

 The building control valve is required to shut off both the domestic water distribution system and 

the sprinkler(s).  A separate valve branching off the water distribution piping immediately 

downstream of the building control valve serving sprinkler(s) may be installed in the locked open 

position only.  (7.1.1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Pressure gauges are required when a pressure tank is used for the water supply. (7.3.2) 

 

 For testing and maintenance and repairs, a drain valve shall be installed downstream of the 

building control valve. (7.2.1) 

 

 

 

Water Service 

Building Control Valve 

Drain Valve 

Drain 

Valve 

To domestic plumbing 

fixtures and residential 

sprinklers 

Water Distribution 

Piping 

To Plumbing 

Fixtures 

To Fire 

Sprinklers 

MPP lockable 

indicating 

control valve 

Rubber faced 

check valve 

Pressure gauge 



3-1 

 Chapter 3 

 Sprinkler Design and Location 

 
 The preceding chapters have explained the definitions, listed materials, and the some of 

the limits of installation.  The subsequent chapters will show some of ways the 

multipurpose piping system can be installed so as to meet the requirements of NFPA 

13D.  Partial 13D systems are allowed in Wisconsin, and the location requirements in 

NFPA 13D 8.6, Location of Sprinklers, only apply when installing what can be described 

as a “full” 13D system. 

 

 Figure 3-1 on page 3-2 displays the first floor plan and Figure 3-2 on page 3-3 displays 

the basement plan of a popular style three bedroom ranch home.  This manual will 

concentrate on the design of a complete or full NFPA 13D multipurpose piping system 

for this dwelling.   

 

 Examine the first floor plan in figure 3-1.  Note that the room sizes are listed for each 

room other than the powder room and rear foyer.  For reasons explained later in this 

manual, those areas are not included in the coverage (8.6).  The dashed lines indicate 

shelves, appliances under cabinets and the headers above doorways.  Some of the 

doorways and entrances from one room to another do not have a header or a lintel.  You 

must remember that if the lintel is less than 8 inches, the compartment continues into the 

next room (4.1, 4.1.1, 4.1.2).  In other words, the kitchen/dinette and the dining room are 

one compartment.  And expanding it further the compartment will also include the living 

room, foyer, rear foyer and the center hall.  The family room has a vaulted ceiling, and 

there is a beam in the kitchen ceiling to separate the rooms therefore the family room is 

not included. 

 

 The main bathroom is just under 54 ft
2
.  8.6.2 of NFPA 13D, stipulates that sprinklers 

shall not be required in bathrooms of 55 ft
2
 or less.  Therefore a sprinkler will not be 

installed in the main bath.   

 

 None of the closets are large enough to meet or exceed 24 ft
2 

or have the least dimension 

of 3 feet or more (8.6.3).   Therefore the closets, garage and the powder room will not be 

included in the compartments to be protected by fire sprinklers (8.6.4). 
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Figure 3 - 1 
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Figure 3-2 
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 Locating the Sprinklers 

 
 Figure 3-3 on page 3-6 is the first floor plan with the location of the sprinklers displayed.  

The sprinklers used are sidewall sprinklers.  

 

 Sprinkler location is dependent upon the sprinkler selected and its flow capacities.  The 

manufacturer specifications are readily available by contacting or downloading on the 

Web the sprinkler companies detailed specs.  Reliable, Viking, Globe, are just a few 

sprinkler companies that have a selection of residential sprinklers to choose from. 

 

Master Bedroom 1 – 16’ X 16’ 

Bedroom 2          1 – 14’ X 14’ 

(Note that in these two compartments, the inner wall adjacent to the sprinkler head 

location has an offset where a small corner of the floor space would not receive spray.  

Two options need to be considered; one is to install ceiling pendents in these two rooms 

to cover the floor area in question, the other is to have the carpenter wall in the uncovered 

area.  Keep in mind, with ceiling pendents installed and piping running through a cold 

ceiling attic space, insulation and / or a source of heat will be required to prevent 

freezing.) 

 

Bedroom 3………………..1 – 12’ X 12’ 

Main Bath………………   None 

Hallway………………….  2 – 12’ X 12’ 

Stairway………………..    1 – 12’ X 12’ 

Back door foyer………….  1 – 12’ X 12’ 

Kitchen…………………… 1 – 16’ X 16’ 

Dining……………………. 1 – 12’ X 12’ 

Living Room………………1 – 16’ X 20’ 

Living Room                        1 – 16’ X 16’ 

Front Entry Foyer………….1 – 12’ X 12’ 

Family Room………………2 – 14’ X 14’ 

 

 Spacing between sprinklers shall be installed in accordance with their listing where the 

type of ceiling configuration is referenced in the listing (8.1.3.1.1). 

 

 The family room requires 2 sprinklers and the ceiling also is vaulted towards the common 

wall with the garage.  Therefore the sprinklers must be placed within 4-6 inches of the 

peak of the ceiling (8.2.2.1).  The sprinkler deflectors shall also be parallel to the ceiling 

slope.   

 The area that each sprinkler covers must be taken into consideration when locating the 

sprinklers.  In Figure 3-3 on page 3-6, (the living room and dining room area) note the 

dashed lines.  These lines depict the limit of the living room sprinkler when sizing at a 16 

ft x 20 ft coverage area.  The distance coverage between each sprinkler in the living and 

dining room area must overlap so that all areas are included.  

 Odd shaped rooms can present some challenges to the designer when locating the 

sprinklers.  All areas must be included in the coverage, but sprinklers must not be placed 

too close to each other or cold soldering can occur. 
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 Also note on this print layout the compartment areas that consist of two or more 

sprinklers.  As long as there are no lintels between rooms 8” or greater, multiple rooms 

will be considered to be one compartment.  In this case the living room, dining room, 

kitchen, main entry foyer, hallway, and rear entry foyer, is one compartment (4.1.4, 

4.1.2).  The family room is another compartment. 

 

 Sprinklers are designed to be installed in compartments with smooth flat ceilings.  If 

sprinklers are installed in areas with open joists spaces or open truss joists, the heat from 

a fire may be diverted from or travel above the sprinkler.  NFPA 13D does permit 

sprinklers in basements where ceilings are not required, but they shall be positioned in a 

manner that anticipates the future installation of a finished ceiling (8.2.4). 

 

 The drawing in Figure 3-4 on page 3-7 illustrates the location of sprinklers in the 

basement.  It is assumed that the entire basement is going to have a finished ceiling.  The 

width of the basement is less than 28 feet.   

 

 Note the sprinklers are all pendants.  In the front to rear direction of the basement, the 

sprinklers are placed so that a 16 ft x 16 ft coverage area can be used for all the 

sprinklers.  Even though there are more than 2 sprinklers in the basement, the whole 

basement can be considered 1 compartment.  This is assuming that the ceiling will be 

dropped far enough that the beam will not create an 8 inch or greater change in elevation. 

 

 Note that a sprinkler was placed behind the stairs.  The area under the stairs would then 

be included in the coverage.  Another option would be to enclose the area under the stairs 

and the additional sprinkler would not be necessary (8.6.5). 

 

 The area of basement behind the garage and under the family room is included because it 

is a full height area of the basement (8.6.5).   

 Basement pendent sprinklers………………..11 – 16’ X 16’ 

 

 Provide a specification sheet on the sprinklers selected and make a list showing the 

manufacturer, model no, coverage areas, flow requirements in GPM, and pressure 

requirements to obtain the flow rate. 

 The sprinklers have now all been located in the compartments of the first floor and the 

basement.  The next step is to make a drawing of the water distribution system.   

 

 Sidewall Reliable F1 RES 44 SWC 

  7……12’ X 12’……..13 gpm…...8.7psi 

3…....14’ X 14’……..14 gpm.....10.2psi 

3...….16’ X 16’……..17 gpm….15 psi 

1…….16’ X 20’…….23 gpm….27.4psi 

 

 Pendant Reliable RFC 43 CCP 

11…..16’ X 16’……..13 gpm…..9.1 psi 
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Figure 3-3 

Sprinkler: 
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 Figure 3-4 
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 Chapter 4 

 Designing the Multipurpose Piping System 

 
 Now that the position of the sprinklers is known, the piping diagram can be drawn.  There is a plan 

view of the first floor with the sprinklers shown in Figure 4-1 on the next page, and the basement 

in Figure 4-2 on page 4-3.  Figure 4-2 shows the piping layout on the basement ceiling.  Hot and 

cold water lines are both drawn. The water service is located just to the right of the front stoop. 

 

 The water supply piping system serves the following fixtures and appliances: 

 

2 bathrooms  

A kitchen sink and dishwasher on the first floor  

3 outside wall hydrants  

In the basement, a laundry tray, automatic washer and water heater   

 

 Because it also serves sprinklers, the entire system is called a multipurpose piping system. 

 

 Page 4-4, Figure 4-3 displays an isometric view of the entire multipurpose piping system.  If you 

study this drawing and compare it to the floor plans supplied in Figures 4-1 and 4-2, the areas the 

sprinklers are located and covering should become identified.  This drawing will be used 

throughout the rest of this manual.  Multipurpose piping serving the sprinklers is drawn in a 

heavier line weight. 

 

 Sizing the system for a domestic supply to only plumbing fixtures and appliances does not require 

an isometric drawing.  As long as you are sure of the distance to the controlling fixture and 

calculate the “A” value correctly, it can be sized as you are installing it. 

 

 It is much more difficult to correctly size a multipurpose piping system without a drawing or a 

very good idea of the type of fittings and how many will be installed.  It is critical that the system 

will work properly if the sprinklers are subjected to a situation where they will discharge.   

 

 Chapter 5 illustrates how the system is sized for the domestic water supply to the plumbing 

fixtures and appliances.  Chapter 6 and the rest of the chapters are devoted to the multipurpose 

piping system design for the sprinklers in the dwelling. 
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Figure 4-1 
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Figure 4-2 
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Figure 4-3 
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 Chapter 5 

 Sizing the Domestic Supply 

 
 When all of the sprinklers have been located and a design for the water distribution piping has 

been established, the sizing of the multipurpose piping system can be accomplished.  Piping to the 

plumbing fixtures and appliances shall be sized and piping to sprinklers shall be sized.  Which 

ever is the most demanding and requires the larger diameter pipe shall take precedence.   

 

 The first step in sizing is determining the gpm from the plumbing fixtures and appliances.  

 

1  Automatic Clothes Washer       1.5 

1  Dishwashing Machine     1.0 

3  Hose Bibbs, ½ inch     9.0 

1  Kitchen Sink      1.5 

1  Laundry Tray      1.5 

1  Bath. Group; BT, Lav, and WC   4.0 

1  Bath. Group; SH, Lav, and WC   3.5 

TOTAL WSFU                          22.0 

 

 The total water supply fixture units in the dwelling are 22.  Table 382.40-3 in the Wisconsin 

Administrative Code is used for converting water supply fixture units to gallons per minute.  The 

fixture units are flush tank type, so the right side column is the side to use.   

 

 The total number of wsfu’s is 22 and that is not in the Water Supply Fixture Units column, so you 

must interpolate.  To do this, look at the next higher number in the wsfu column.  The next 

number is 30.  It is 10 higher than the 20 listed above it.  Then look at the next number in the 

Flush Tank Type gpm column.  The number is 20. 20 is 6 higher than 14. 

 

 20 wsfu’s converts to 14 gpm.  You need to find out how much gpm to add to 14 gpm by adding 2 

wsfu’s.  To do this divide 6 gpm by the difference in the water supply fixture units, which is 10.  6 

divided by 10 equals .6. 

 

 That means that .6 gpm must be added for every 1 wsfu over 20 and up to 30.  There are 2 more 

than 20 wsfu’s so 1.2 gpm is added to the 14 gpm.  22 wsfu’s converts to 15.2 gpm. 

 

 Figure 5-1 on pages 5-4, 5-5 illustrates the completed water calculation worksheet.  After lines 1 

to 5 are filled in, the loss in the water service and water meter can be calculated.  The next section 

of the water calculation worksheet can now be completed.  The next step is to determine which 

graph to use in calculating the loss in the service. 

 The water service is 1-inch diameter and the material is Copper Type K.  Graph A-382.40(7)-2 in 

the Wis. Administrative Code is the graph to use.  Look at Figure 5-2 on page 5-5.  The flow rate 

of 15.2 gpm is located on the left side of the graph, and the junction with a 1-inch water service 

line has been circled.  The point of intersection is at 6.6 psig per 100 feet of pipe. 
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 GALLONS PER MINUTE 

 

� Water  Predominately    Predominately Flush 

� Supply             Flushometer Type             Tank Type Water 

� Fixture  Water Closets or  Closets or Washdown 

� Units               Syphon Jet Urinals             Urinals 

 

 

� 20   35    14 

� 30   40    20 

 

 

 

 That pressure loss is for a Copper Type K tube 100 feet in length. 

 

 The water service is not 100 feet in length, it is 65 feet.  You must find the loss in 65 feet of this 

tube at 15.2 gpm flow rate.  65 feet is .65 of 100 feet.  Therefore multiply 6.6 x .65. 

 

� 6.6 x .65 = 4.355 or 4.3 

 

 The calculations in lines 6 through 9 determine the pressure available at the building control valve.  

The rest of the calculations in the worksheet will determine the pressure available for uniform loss. 

 

 A water meter will be installed in the water supply system.  The meter is a standard ¾ inch cold 

water displacement type.  Graph A-382.40(7)-1, which is the pressure loss graph in cold water 

meters, is Figure 5-3 and located on page 5-6.  The loss has been determined to be 3.5 psig and is 

entered on line C. 

 

 The remainder of the calculations in the worksheet have determined the “A” value to be 23.  When 

the “A” value surpasses a whole number, it is rounded up to the next whole number.   

 

 The “A” value of 23 is now used to find the maximum allowable load on each pipe size in the 

system for the domestic supply. 

 

 Table 382.40-6 is the maximum allowable load for copper tubing type M.  This table is Figure 5-4 

and located on page 5-7.  Since 23 is greater than the highest “A” value shown, the maximum for 

each pipe size in this table will apply.   

 

 The table is based on a maximum of 8 feet per second velocity in the pipe.  “NP” on the bottom of 

each column means that by adding more wsfu or gpm listed in the row above, the velocity would 

be greater than 8 feet per second and that is “NOT PERMITTED”. 

 

 The maximum allowable load on each size pipe in the copper type M table is shown below. 

 

Size  FT units 

½        7.5 

¾      18.0 

1      34.0 
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 The dwelling has a total of 22 wsfu’s.  18 is the maximum on a ¾ inch diameter pipe.  That means 

there are 4 more wsfu’s than allowed on that ¾ inch diameter pipe.  There is a ½ inch hose bibb 

just downstream of the building control valve.  The hose bibb demands 3 wsfu’s.  The load on the 

pipe downstream from the connection of that hose bibb is now 19 wsfu’s.  As soon as 1 more wsfu 

is served, the pipe diameter downstream of that connection can be reduced to ¾ inch.  

 Figure 5-5 on page 5-8, is an isometric view of the multipurpose piping system.  1-inch diameter 

pipe will have to be supplied downstream of the building control valve to the connection of the 

cold water supply piping serving the kitchen sink.  This is the minimum pipe size for the 

multipurpose piping system when sized for plumbing fixtures.   

 Now that the minimum sizing for the domestic supply to the plumbing fixtures has been 

established, you must determine the size for the piping to the sprinklers.  The pipe diameters can 

be larger, but not smaller.   

 
Figure 5-1 
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Table 382.40-3 

Table 382.40-3e 

(Table 382.40-3) 
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 Graph A-382.40 (7)-2 

 Pressure losses due to flow friction 

 Material:  Copper Tube-Type K, ASTM B88;  (C = 150) 

 

 

 

 

 

 

 

 

 

 

6.6 

15.2 

Figure 5-2 
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3.5 

15.2 

Figure 5-3 

Graph A-382.40(7)-1 
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Figure 5-4 

Table 382.40-6 

SPS 382.40(7)(f) & (g) 
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Figure 5-5 
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 The Department of Safety & Professional Services has available an Excel water calculator and a 

fire / water calculator designed to follow the water calc worksheet format.  These calculators will 

greatly speed up the process of determining proper pipe sizing for the water service serving the 

water distribution system and the fire / water distribution system piping we call Multipurpose 

Piping. 

 The following print screens on pages 5-9 to 5-19 show the water calc worksheet and the 

calculations for our example drawing. 
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Table 382.40-3 

Table 382.40-3e 

(Table 382.40-3) 
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Click on line and enter project information 

Select “Tab” or “Enter” on you r keyboard to move to the next box 

Determine gpm conversion by entering the wsfu’s in the conversion calculator below and select “Tab” 

Enter gpm in 

line 1. box 

and select 

“Tab” to 

move to next 

box 

1. –5. points must be entered numerically or enter “0”.  

(Table 382.40-3) 
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A-382.40(7)-3 

A-382.40(7)-2 
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6. point is automatically entered from 5. point 

above 

Enter selected water service size Enter type of material 

selected by clicking on the 

drop arrow 

Enter pressure loss from material table selected and select “Tab” 

to move to the next box to enter the decimal equivalent of the 

length of service and select “Tab”.   

8. point and 9. point automatically fill in once 7. point is completed. 
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9. point and B. point automatically fill in once 7 point is completed. 

If no meter or no pressure loss through meter enter 0! Graph 382.40(7)-1 
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To print out the completed calculation and “A” value, select the “Work Sheet” tab.  The water calc worksheet has a 

“Print” button you may select.   

Note the “To Top” button just below the “A” value box, selecting this button will take you to the top of this calculator for 

another calculation or changes.   

Table 382.40-3 

Table 382.40-3e 

(Table 382.40-3) 

Tables 382.40-4 thru 382.40-11 
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 The next three pages show the print out sheet the calculator provides.  Note the “Work Sheet” Tab 

has been selected at the bottom of the page.  Note also the “Print” button on the sheet which will 

enable you to print out the sheet for record keeping. 

 

 

 

 

 

 

 

Note the selected “Work Sheet” tab.  All calculations have been transferred 

automatically to this worksheet for printing purposes.   
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Table 382.40-3 

Table 382.40-3e 

(Table 382.40-3) 
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Once the calculations have been completed for the domestic plumbing fixture demand, the next step in 

our design calculations is determining the greatest sprinkler demand load.  Chapter 6 introduces us to this 

process. 

 

 

 

 

Double click on this line and you may enter the type 

of water distribution material selected. 

Double click in this Comment box and you may enter comments.  Double click outside 

the box will take you out of the box.   

Note the “Clear Comments” button below, click on the button to clear any comments. 
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 Chapter 6 

 Sizing the System for the Sprinklers, 

 Master Bedroom 

 

 The Multipurpose Piping System has now been sized for the domestic plumbing portion, and a 

quick review of our system would be good.   

 

 For plumbing demand only, we have sized for a 1” K copper water service, and a M copper water 

distribution system with an A value of 23. 

 

 For our sprinkler system, we have selected Reliable pendent RFC 43 sprinklers for the basement 

area, and F 1 RES 44 sidewall sprinklers for the main floor.  At this point we have designed the 

water distribution system and provided an isometric detailing the piping.   

 

 The next step in our design process for a multipurpose piping system is sizing the water service 

and water distribution system for the required building sprinkler demand.  What needs to be 

determined is which demand has the greater gpm requirement; the plumbing with its controlling 

fixture, or the sprinkler demand with its controlling sprinkler(s).  The water distribution system 

will be sized for which ever has the greater demand.   

 

 According to the NFPA 13D Standard; 8.1.1.2.1 and 8.1.2, the system shall provide at least the 

gpm demand flow required for the multiple and single sprinkler operating criteria specified by the 

sprinkler listing.  And the number of design sprinklers under a flat, smooth horizontal ceiling shall 

include a maximum of two sprinklers that require the greatest hydraulic demand.   

 Fire / Water Calcs are required for every compartment: 

Master Bedroom, single most remote 

Living Room compartment, single and two most hydraulically demanding 

Family Room compartment, single and two most hydraulically demanding 

Basement compartment, single and two most hydraulically demanding 

 A total of 7 Fire / Water Calculations will satisfy the NFPA 13D Standard requirements and 

enable us to identify the most hydraulically demanding sprinkler or two most demanding 

sprinklers in a compartment.  If the sprinkler demand is greater than the plumbing controlling 

fixture demand, the dwelling water supply is to be sized as the sprinkler being the controlling 

fixture. 

 Generally the highest most remote sprinkler should be the first calculation.  If all the 

compartments require only one sprinkler and the most remote sprinkler has the highest demand, it 

may well be that the distribution piping will be sized per that sprinkler. 

 Some compartments may have a different type of sprinkler that requires a higher pressure to cover 

the same area.  Some compartments may require more than one sprinkler. Because a compartment 

with two sprinklers requires it not only to be sized per the single sprinkler criteria, but also per two 

sprinklers, the furthest sprinkler may not always be the most demanding. 

 For ease of design, it will work out better if the sprinklers are all the same type and manufacturer.  

The sprinklers used in this manual are for demonstration purposes only and are not intended to be 

an endorsement. 

 The most remote sprinkler in this dwelling is the sidewall sprinkler in the master bedroom. 

 In the partial plan on page 6-2, Figure 6-1 illustrates sprinkler MB1 in the master bedroom.  This 

is the furthest and highest sprinkler and will be the first in the calculations.  A fire / water 

multipurpose calculation worksheet for this sprinkler is illustrated in Figure 6-8 on Page 6-8. 
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 The first step in starting the calculations is to determine the hydraulic design criteria for the side 

wall sprinkler.  Figure 6-2 is the manufacturer’s design and installation guide.  Because the NFPA 

13D 2007 Standard mandates sprinklers designed and installed in accordance with their listing, a 

thorough reading of the manufacturer’s specifications, installation guides, and sprinkler wet 

patterns should be carefully reviewed.  

 Column one in the table specifies the maximum size of the compartment at the design flow.  If the 

size of the room is 11 ft x 13 ft, the 14 x 14 coverage area row is the minimum coverage area.  The 

master bedroom is 13’- 7” by 15’- 7”.  This means 16’ x 16’ is the smallest coverage area. The 

amount of pressure required to supply 17 GPM for the coverage area of 16’ ft X 16’ ft is circled.  

Tables used to determine the criteria must be from the manufacturers table for the specific 

sprinkler installed.  Generally this information is available from the supplier of the sprinklers and 

is readily available on the manufacturer’s website (see Figure 6-2 on page 6-3).  

 

 Looking at the specifications, a single pendant sprinkler requires 17 GPM at 15 PSI to cover a 16ft 

x 16ft area.  A flow and pressure criterion for sizing the piping to the sprinkler is established in 

this manner. 

 A fire – water calc worksheet has been developed along with an Excel calculator that is based 

upon the same Hazen and Williams’s formula and velocity formula that the plumbing water calc 

worksheet is based upon and the sprinkler calculations required in NFPA 13.  Hydraulic 

calculations are required for the general straight run systems that are not connected to a municipal 

water main of at least 4 inches in diameter (8.4.4).  The fire – water calculator satisfies this 

requirement. (See Figure 6-3.) 

 

 

 

Figure 6-1 
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 The sprinkler manufacturer’s specifications for the sprinkler selected provides us the information 

to initiate our worksheet calculations to determine the total load on the water distribution system if 

the master bedroom sprinkler discharged.  Remember, sprinklers shall be installed in accordance 

with their listing and careful examination of the sprinklers installation requirements, sprinkler wet 

wall pattern guide, ceiling requirements, type of piping requirements and distances from 

obstructions should all be carefully considered in the selection process. 

 

 Points 1 – 5 can be filled in (Figure 6-4) from the sprinkler specs and information obtained on the 

plumbing water calculation worksheet. 

 

 

Figure 6-2 
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Figure 6-3 
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 The next step is Calculating Water Service Pressure Loss, points 6. – 9.   

 6. point is the same as 5. point. 

 7. point records the friction loss through the water service which is dependent upon the type of 

material, pipe diameter, service length, and gpm flow rate.  

 

 

 

 

 

 Using the Appendix Graph A-382.40(7)-2. (See Figure 6-6), the pressure loss due to friction at 17 

gpm is 8.13 psi per 100 ft. of length.  Multiplying the actual water service length decimal 

equivalent by 8.13 will provide the actual pressure loss for the water service. 

 

 Point 8 addresses the pressure loss or gain incurred due to the elevation difference as the water 

service travels to the building control valve.  Five feet of rise in the water service multiplied by 

.434 equals 2.2. 

 Point 9 records the available pressure at the building control valve. 

 

Figure 6-4 

Figure 6-5 
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 The last section of the Fire – Water Calc Worksheet is provided in Figure 6-7.  The final steps of 

B – G. will provide an “A” value which represents the available pressure for uniform loss per 100 

feet.  From this “A” value we will be able to refer to our material tables and size the water 

distribution system according to the gpm demand or load and its relationship to the pressure 

available to serve the sprinklers or plumbing fixtures. 

 

 

 

Figure 6-6 

17 

gpm 

8.13 psi 

Graph A-382.40(7)-2, Copper Tube – Type K, ASTM B-88 
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 B. point is the same as the 9. point showing available pressure at the building control valve. 

 C. point is the pressure loss through the water meter.  This information can be obtained from the 

water meter manufacturer’s pressure loss graph or from the Appendix graph A-382.40(7)-1 that is 

provided below, Figure 6-8. 

 D. point is the pressure required at the sprinkler(s) that is (are) being calculated for available 

pressure.  This is obtained from the sprinkler manufacturer’s specifications (Figure 6-2) In this 

case, for the sprinkler selected for the master bedroom, 15 psi. is the required pressure for the 

sprinkler to operate properly in a 16’ X 16’ foot room or less. 

 E. point is the elevation difference between the building control valve and the sprinkler multiplied 

by .434. 

 F. point captures the pressure losses for any water treatment device or backflow preventers which 

serve the sprinkler(s) being calculated.  In this example, there are none. 

 G. point is the developed length from the building control valve to the controlling sprinkler 

multiplied by 1.5.  Dividing this number (97.5) into the F. point subtotal (26.3) will provide a 

subtotal of 0.270.  Multiply this number by 100 and you will get an “A” value of 27.  The 

worksheet is following the Hazen Williams formula as you go through each step.  

Figure 6-7 
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 Having determined the A value for the master bedroom sprinkler (27) we can now go to our 

material Table 382.40-6 Maximum Allowable Load For Copper Tubing – Type M, ASTM B88 

(Figure 6-9, page 6-9.) 

 The table provides WSFU loads for A values up to 21, and in effect limits our pipe sizing to a 

velocity of 8 feet per second.  Any A value obtained that exceeds the table such as our 27 does, we 

would use the maximum load for each pipe size column.   

 

 

 

 

 

17 gpm 
Flow, GPM 

4.3 

     Figure 6-8 

Graph A-382.40(7)-1 
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 The Fire – Water Calculations for Sprinkler MB1 is complete.  This is the first of seven fire-water 

calcs that have to be performed.  If the master bedroom sprinkler was the most demanding 

sprinkler on the multipurpose system, we would be able to size our water distribution system with 

an A value of 27 and a 1” K copper water service.  The Fire – Water calculator has been 

developed to speed this process of finding the most hydraulically demanding sprinkler(s).  The 

next step is to introduce the Fire- Water calculator by calculating for the same sprinkler, MB1 in 

the following pages. 

 

 

 

 

27 

Figure 6-9 

Table 382.40-6 

Enter information in 

the boxes provided.  

To move from box to 

box, click on the next 

box with your mouse, 

or use the keyboard 

Tab key or Enter key. 

 

All boxes on the far 

right of the calculator 

must have an entry. 
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 The 1 – 5 points of the calculator should look like this.   

 

 Next step is calculating the water service pressure loss.  The Guide To Determining Water 

Pressure Loss for Water Service and Water Distribution Materials is provided.  Scroll down to the 

desired water service material to find the pressure loss due to friction through the service at the 

GPM required in point 1. 

 

 

 

Figure 6-10 

A-382.40(7)-9 



6-11 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-11 

A-382.40(7)-2 

Scroll down the 

calculator to find the 

type of material for the 

water service. 

 

Enter the gpm from line 

1 in the box representing 

the water service pipe 

size and select Tab or 

Enter on the keyboard.  

The friction loss per 100 

ft. will appear in the 

corresponding box on 

the right. 

 

Table and Graph buttons 

for each pipe material 

are provided for 

convenience or 

reference.  The Table 

and Graphs also have 

“Back” buttons which 

will return you the 

calculator.   

 

Also, material tabs are 

provided at the bottom of 

the calculator page. 

A-382.40(7)-6 
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 Once 7. point is completed, the calculator automatically fills in the 8., 9., and B. point boxes.  The 

next entry that requires a numerical value is C. point, pressure loss through the water meter. 

 

 

Figure 6-12 

Scrolling down 

to 6. point, the 

calculator 

automatically 

enters 60 psi 

from the 5. 

point entry. 

7. point, enter 

the water 

service pipe 

diameter in the 

yellow box 

provided and 

select “Tab”. 

 

Select piping 

material from 

the drop box by 

clicking on the 

drop arrow as it 

appears.  

Enter pressure loss per 100ft from the copper type K table in the 

box provided, select “Tab” and enter the decimal equivalent of 

the water service, which is .65, and select the “Tab” key. 
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 Once G. point is entered, the calculator provides an A value of 26.98, or rounded off, 27.   

 Select the “Print Sheet” Tab at the bottom of the page.  This will provide you with a printable 

worksheet that captures the design calculations for the sprinkler selected which will be required  

as part of the owner’s information packet (See Figure 6-14). 

 

Figure 6-13 

Graph button 

available to 

access the meter 

pressure loss 

graph A-

82.40(7)-1 

D. point, 

identify the 

sprinkler that is 

being calculated 

and enter its 

required 

pressure loss. 

E. point, enter 

elevation 

difference and 

select “Tab”. 

 

F. point, with 

no pressure loss 

you must enter 

0.  Do not leave 

blank. 

 

G. point, enter 

length of piping 

to the sprinkler 

being 

calculated, and 

select “Tab”. 
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Figure 6-14 
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 To Sum Up Chapter 5 and Chapter 6: 

 

 Plumbing demand only; 1” K copper water service, 1” M copper water distribution, A value of 23. 

 

 Sprinkler demand;  

o Master Bedroom single most remote sprinkler 

� 17 gpm, 15 psi requirement for 16’ X 16’ coverage 

� 1” K copper water service, 1”,M copper water distribution, A value of 27 

 

 Chapter 7 

 

 Sprinkler demand; 

o Living Room Compartment 

� Single most hydraulically demanding 

� Two most hydraulically demanding 

 

 Chapter 8 

 

 Sprinkler demand; 

o Family Room Compartment 

� Single most hydraulically demanding 

� Two most hydraulically demanding 

 

 Chapter 9 

 

 Sprinkler demand; 

o Basement Compartment 

� Single most hydraulically demanding 

� Two most hydraulically demanding 

 

 Chapter 10 

 

 Documentation 

 

 Chapter 11 

 

 Public Buildings, Water Service,  Private Water Main Sizing 

 

 

 

 The following isometric shows the Master Bedroom sprinkler location and the pipe sizing to meet 

the sprinkler demand required if the sprinkler was the most hydraulically demanding sprinkler 

within the dwelling.   This will only be determined by calculating the demand for the remaining 

most hydraulically demanding sprinklers in each compartment within the dwelling. 

 

 The next step is determining the sprinkler demand in the Living Room Compartment, Chapter 7. 
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Figure 6-15 

1” 
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 Chapter 7 

 Living Room Sprinkler Compartment 
 

 In Chapter 6, the master bedroom was a single sprinkler compartment.  Many rooms or 

combinations of rooms are multiple sprinkler compartments.  If the room is too large or 

obstructions require more than one sprinkler, several may have to be installed.  Even though there 

may be 4 or more sprinklers in the compartment, the number to include in the calculations remains 

at 2.  Sprinklers included in the calculations shall include the most demanding in the compartment 

and a sprinkler adjacent to it.   Both sprinklers shall be located in the same compartment, with 

their coverage area’s overlapping. 

 For instance a compartment could be 16 foot wide by 32 foot long.  Sprinklers do not cover that 

large of an area alone.  At least two sprinklers would be required.   

 The single most remote sprinkler coverage area for Chapter 6 was 16 ft. x 16 ft.  Sprinkler flow for 

that single sprinkler is 17 GPM at 15 psig.  In order to completely cover a 32-foot long room, two 

sprinklers would have to be placed at 16 feet apart and 8 feet from the sides and ends. 

 Piping that supplies water to both sprinklers has a flow rate of 34 GPM all the way back to the 

main in the street or the pressure tank.  Remember, only the flow rate is doubled, not the pressure 

required by the sprinklers.  This chapter will concentrate on the Living Room Compartment. 

 

 Figure 7-1 below is the Reliable F1 Res 44 SWC, side wall sprinkler specifications selected for the 

main floor of the dwelling.   

 

 

 

 

 

Figure 7-1 
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 Figure 4-1 in Chapter 4, page 4-2 illustrates a plan view of the first floor with the sprinklers 

illustrated including the measurements from walls and other reference points.  Figure 7-2 below 

shows the Living Room Compartment detail of the plan highlighted by the dotted lines. 

 There are eight sprinklers in the living room compartment.  The most demanding sprinkler in the 

living room is the sprinkler located opposite the kitchen sink.  It has the largest coverage area, 16 

ft. x 20 ft, and the other living room sprinkler has a coverage area of 16 ft. X 16 ft. which is 

located on the closet entry wall.  The dining room has 12 ft. X 12 ft. coverage, while the kitchen 

would require 16 ft. X 16 ft. coverage.  The other 4 sprinklers in the compartment are the front and 

rear entry sprinklers and the hallway sprinklers, each of these sprinklers would require a minimum 

coverage of 12 ft X 12 ft.  

 The two most demanding sprinklers are the living room sprinklers, with a 16’ X 16’ coverage, and 

a 16’ X 20’ coverage, pressure requirement of 27.4 psi, and a gpm demand of 40 (23 gpm for one, 

and 17 gpm for the other).     

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Remember, by satisfying the hydraulic sprinkler demand for the single most demanding and the 

two most demanding adjacent sprinklers in a compartment, we know the other sprinklers within 

the compartment will be satisfied.   

 Starting the calculations for the most hydraulically demanding single sprinkler will be our next 

step.  On page 7-3 the basic specifications for the dwelling is entered into the appropriate boxes on 

the Fire-Water Calculation Worksheet.  Open the provided CD S&B Fire-Water Excel Crew File 

and enter the following: 

Figure 7-2 

19’1” 
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Enter sprinkler data 

under point one 

 

Points 2., 3.,4., and 5., 

will be the same as the 

previous fire-water 

calculation on the 

master bedroom 

sprinkler. 

 

Next step is to scroll 

down through the 

Guide to Determining 

Water Pressure Loss 

for Water Service & 

Water Distribution 

Materials to the Type 

K Copper material 

section. 

Enter the gpm 

requirement for the 

sprinkler demand in the 

appropriate water service 

size box, in this case, 1”. 

 

Select “Tab” on the 

keyboard and the psi 

friction loss per 100’ is 

calculated. 

 

Scroll down through the 

rest of the Guide and 

stop at the 6. and 7. 

points for the next entry. 

Figure 7-3 

A-382.40(7)-3 

A-382.40(7)-2 
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6. point is entered 

automatically. 

 

7. point enter the 

water service size, 

and piping 

material in the 

box and line 

provided and 

select “Tab”. 

 

Enter the pressure 

loss per 100 ft. in 

the yellow box 

from the Guide 

and select “Tab”. 

 

Enter the decimal 

equivalent  of the 

service length and 

select “Tab”. 

 

8. point, 9.point, 

and B. point is 

then automatically 

calculated.  Next 

entry is C. point 

C. point; click on 

“To Graph” 

button provided if 

manufactures 

graph is not 

available.  To find 

the pressure loss 

through the water 

meter at the gpm 

required for the 

sprinkler being  

calculated, see 

next page, Figure 

7-5. 

Figure 7-4 
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23 gpm 

8.6 

psi 

Print and Back 

buttons 

provided.  Back 

button takes 

you back to the 

calculator 

worksheet. 

Figure 7-5 

Graph A-382.40(7)-1 

 

Pressure Loss in cold-water meters, displacement type 
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 Fire – Water Calculations have been completed for the single most demanding sprinkler in the 

Living Room compartment area.  With a type K 1” copper water service, and a 23 gpm demand at 

the sprinkler, we have a “A” value of 11.09, or rounding up, an “A” value of 12.  At the bottom of 

the page, select “Print Sheet” tab, this will provide you with a printable worksheet that captures 

the design calculations for the sprinkler selected and will be required as part of the owners 

information packet. 

 

 Referring to our Water Distribution Table 382.40-6 for type M copper, we are able to size the 

water distribution system with an A value of 12 if the single most demanding sprinkler in the 

Living Room compartment was the most demanding sprinkler or sprinklers in the MPP system.  In 

order to determine this we need to proceed and finish the rest of the fire- water calculations for the 

two most demanding sprinklers in the living room compartment and the rest of the compartments, 

the family room and basement. 

 

 Note:  G. point value can be altered to reflect a water distribution system with an excessive 

number of fittings and a greater pressure loss experienced than the equivalent of ½ the developed 

pipe length from the building control valve and the sprinkler being calculated. 

D. point, 

identify the 

sprinkler being 

calculated and 

enter the 

pressure 

required from 

manufacturers 

specifications. 

 

E. point, enter 

the elevation 

difference in the 

yellow box and 

select “Tab”. 

 

F. point, enter 

0.0 if there are 

no pressure 

losses, do not 

leave blank. 

 

G. point, enter 

the developed 

length in the 

yellow box and 

select “Tab”. 

“A” value is 

now provided. 

Figure 7-6 

Graph A-382.40(7)-1 
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Figure 7-7 

 

Double click on this line to enter piping material 

Double click in this box to add any comments, double click out of the box to exit. 
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 The Table in Figure 7-8 shows a 11/4” pipe size requirement to provide 23 gpm to the living room 

single most demanding sprinkler with an “A” value of 12.  This is a higher demand requirement 

and a change in pipe size from our sizing of the master bedroom sprinkler, which indicates the fact 

that it has a higher demand.  Note the isometric in Figure 7-9. 

 

 The next step is to determine the sprinkler demand and the “A” value of the two most demanding 

sprinklers in the living room compartment. 

 

 Much of the information entered in the Fire-Water Calculator for sizing the Living Room single 

most demanding sprinkler can be used and adjusted to size the Living Room two most demanding 

sprinklers. 

 

 Going back to the calculator, the following adjustments can be made to determine the “A” value or 

pressure loss per 100 feet.  These changes start on page 7-10. 

 

 

 

 

 

 

Figure 7-8 

Table 382.40-6 



 

7-9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 ¼” 

Figure 7-9 

1” 

1” 
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 Adjusting the calculator to go from a single sprinkler calculation for the Living Room 

compartment to the two most demanding sprinklers in the compartment is easy.  Just click on the 

appropriate box or line and enter the new data or delete where needed.  The calculator will do the 

rest.   

 

 A first line adjustment “Two Sprinklers” was entered.  Data entered in the 1 sprinkler box was 

deleted.  40 gpm was entered in the 2 sprinkler box and the total box.  The rest of the entries 

remain the same at this time. 

 

 

 

 

 

 

Adjust the heading 

to indicate two 

sprinkler demand. 

 

1. point, delete the 

single sprinkler gpm 

and enter the 

sprinkler gpm for 

two sprinklers in the 

appropriate boxes. 

 

Points 2. – 5. remain 

the same at this 

time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scroll down the 

Guide to the Type K 

Copper section. 

Figure 7-10 

Graph A - 382.40(7)-9  
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In the Type K 

Copper table, enter 

40 gpm in the 

corresponding box 

for a 1” service and 

select Tab or enter 

on your keyboard.  

A friction loss of 

39.6 is computed. 

 

Note:  High psi 

friction loss may 

indicate the water 

service is undersized 

for the required 

gpm. 

 

Scroll down to the 6. 

and 7. points. 

Figure 7-11 

A-382.40(7)-3 

A-382.40(7)-2 

A-382.40(7)-6 
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Point 6 box is 

automatically 

filled in. 

 

Point 7 enter the 

new pressure 

loss per 100 ft 

and select Tab 

or enter on your 

keyboard.  The 

rest of the boxes 

automatically 

fill in .  The 

next adjustment 

is the pressure 

loss of the water 

meter, “C” 

point. 

 

 

According to 

the graph, the 

pressure loss 

through a ¾” 

meter is at least 

20 psi. 

 

D. point; 

change the 

identification of 

the sprinklers 

from single to 

two most 

demanding. 

 

E point; no 

change. 

Figure 7-12 

Graph A-382.40(7)-1 
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 Remember, any time the calculator computes a negative “A” value there is no longer sufficient 

pressure available to provide water at 8 feet per second.  Design changes have to be made such as 

increasing the size of the water service and water distribution piping, and / or the water meter if 

one is required, or designing a storage tank with pressure assist, or a combination storage tank and 

booster pump. 

 

 Design change to a higher velocity than 8 feet per second is not an option for plumbing water 

distribution systems as per SPS 382.40(7) (e). 

 

 The next step in our calculating and design work is to adjust the water service size and water meter 

which will provide a greater gpm flow while not exceeding our velocity limitations.  The new “A” 

E.F. and G. point, 

no change. 

 

“A” value of 

negative 43.64 

means we do not 

have enough 

pressure to meet 

the two most 

demanding 

sprinklers in the 

Living Room 

compartment. 

 

Adjustments have 

to be made.  One 

adjustment would 

be the water 

service size, 

another would be 

the water meter 

size.  Let’s make 

the adjustments 

and see if we have 

a workable “A” 

value. 

Figure 7-13 

Graph A-382.40(7)-1 

382.40-4 thru 382.40-11 



 

7-14 

value obtained will be noted that design changes were made to obtain it.  One way of doing so, is 

to provide a Fire-Water Calc worksheet showing the negative “A” value along with the new 

worksheet, see Figure 7-18. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Going back to the 

material pressure loss 

guide, enter 40 gpm in 

the boxes representing 

1 ¼” and 1 ½” K 

copper piping. 

 

Select the pressure 

loss and pipe size that 

seems ‘reasonable’ 

and enter the pressure 

loss data in the 7. point 

box  as you scroll back 

down. 

Figure 7-14 

A-382.40(7)-2 

A-382.40(7)-6 

A-382.40(7)-7 
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7. point; enter 

1½”. 

 

Enter the new psi 

pressure loss and 

select Tab. 

 

Points 8.,9., and 

B. automatically 

adjust. 

 

Next entry is the 

C point, water 

meter pressure 

loss.  Here we 

change the size of 

the meter to 1” 

and enter the new 

pressure loss. 

Figure 7-15 

Graph A-382.40(7)-1 
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After the C point 

has been adjusted, 

there is no change in 

the rest of the 

entries and the “A” 

value of 21.11 or 

rounded up, 22 is 

obtained. 

 

Note:  Keep in mind 

this “A” value 

required adjustments 

to the water service 

and water meter, 

increasing the water 

service to 1 ½” and 

the meter to 1”. 

 

By making these 

two changes, our 

“A” value changed 

from a negative 

43.64, to a positive 

21.11 

Figure 7-16 

Graph A-382.40(7)-1 
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Figure 7-17 
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 Figure 7-17 shows the fire-water calculations with the adjusted water service size of 1 ½” and 

water distribution.  “A” value of 21.1 rounded up to 22. 

 

 

 

 

 

 

 

 

Figure 7-18 
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1 ½” 

1 ½” 

1 ¼” 

1” 1” 

1” 

Table 382.40-6 
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 As the isometric on page 7-19 shows, the water service has been changed from 1” to 1 ½” in size 

to provide a minimum 40 gpm flow at a ‘reasonable’ velocity to serve the fire-water distribution 

system Living Room Compartment, two most demanding sprinklers.  Could a 1 ¼” water service 

be sufficient to provide the required gpm demand?  Perhaps… but finding out for sure only takes a 

few adjustments on the calculations to find out for sure and this is the advantage of the calculator, 

it saves time as you adjust your system to pipe size, materials, type of sprinklers, and cost. 

 

 The water distribution system pipe sizing was also adjusted to 1 ½” to the second branch 

connection.  With an “A” value of 22, the entire Table 382.40-6 is available for proper branch 

sizing depending upon the branch wsfu/gpm load. 

 

 To Sum Up: 

 

 Chapter 5 

 Plumbing Demand:  

o 1” K copper water service, 1”M copper water distribution (to second branch connection), 

o  22 wsfu’s, 15.2 gpm demand requirement  

o “A” value of 23 

 

 Chapter 6 

 Master Bedroom single most remote sprinkler. 

o 17 gpm, 15 psi requirement for 16’ X 16’ coverage 

o 1” K copper water service, 1” M copper water distribution 

o “A” value of 27 

 

 Chapter 7 

 Living Room Compartment 

o Single most hydraulically demanding sprinkler 

� 23 gpm, 27.4 psi requirement for 16’ X 20’ coverage 

� “A” value of 12 

� 1” K copper water service, 1 ¼” M copper water distribution 

 

o Two most hydraulically demanding sprinklers 

� 40 gpm, 27.4 psi requirement 

� “A” value of – 44 

� 1” K copper water service,  

o “A” value of 22 

� 1 ½” K copper water service, 1 ½” M copper water distribution (to second branch 

connection). 

 

 Chapter 8 

 Family Room Compartment 

o Single most hydraulically demanding sprinkler 

o Two most hydraulically demanding sprinklers 
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 Chapter 9 

 Basement Compartment, Example Completion 

o Single most hydraulically demanding sprinkler 

o Two most hydraulically demanding sprinklers 

 

 Chapter 10 

 Documentation 

 

 Chapter 11 

 Public Buildings, Water Service, Private Water Main Sizing 
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 Chapter 8 

 Family Room
 

 There is still one more compartment on the main floor to include in the multipurpose piping 

calculations.  Family room sprinklers or the piping to them have not been included in any of the 

calculations as of yet.  The sprinklers below the family room in the basement are part of a multiple 

compartment. 

 

 The ceiling in the family room is a vaulted ceiling.  That means there is a slope from the garage wall 

down to the back outside wall.  This will add a little more elevation to the sprinklers.    

 

 Notice the measurements in Figure 8-1 below.  A fireplace is a heat source as specified in NFPA 13D 

table 7.5.5.3.  A sprinkler must be a minimum of 60 inches from the front of the fireplace and 36 

inches from the side of it.  The sprinkler is less than 7 feet from the outside end wall.  This means that 

the coverage area will be 14 ft. x 14 ft.  Ordinary temperature-rated sidewall sprinklers can be 

installed in this compartment. 

 

 The minimum distance between sprinklers is greater than 8 foot.  Across the way you can see the 

kitchen sprinkler.  If the ceiling would not be sloped and create an obstruction in the flow to the 

kitchen area, certain criteria would have to be maintained.  According to printed literature from the 

manufacturer of the sprinkler being installed, the horizontal distance left to right between the two 

sprinklers would have to be at least 8 feet or the distance across must be at least 14 feet.   

6’ 8’3” 7’ 

5’ 

Figure 8-1 

8-1 
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 These two sprinklers are installed on what could be considered a cold wall.  They are on the opposite 

side of the garage wall.  If the overhead garage door is left open and it faces to the North or West, that 

wall could be exposed to very cold temperatures.  There is no other option in this room other than to 

install them in a cold wall or ceiling.  Adequate measures will have to be taken to prevent freezing. 

 

 The ceiling is sloped and the deflectors on the sprinklers will have to be installed parallel to the slope.  

Figure 8-2 below illustrates this. 

 

 The isometric drawing for the family room sprinklers is Figure 8-4 on page 8-4.  The sprinkler 

furtherest downstream is the most demanding sprinkler.  This is not hard to see as the configuration is 

identical for both.  The only difference is the 8’ 3” of pipe length to the furtherest downstream 

sprinkler. 

 

 

 

Figure 8-2 

Figure 8-3 

8-2 
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 Different than the living room compartment, the flow rate from these two sprinklers is 28 gpm.  The 

length of piping from the building control valve to the sprinklers is much greater and the sprinklers are 

at a higher elevation.   

 

 The water service diameter was calculated at 1” diameter and 1 ¼” diameter water distribution piping 

is proposed all the way to the common tee supplying the two sprinklers.  There is 122.55 equivalent 

feet of tubing and rounded up to 123.  The water service can be installed with 1” piping because there 

are no restrictions on velocity in water services (unless specified by the pipe manufacturer) as there is 

for water distribution.  If the water service pipe size selected does not create an excessive pressure 

loss, then it can certainly be considered in the calculations. 

 

 That gap between the pressure available and the pressure required is called the safety factor.  

Unknown circumstances may occur raising the pressure loss and closing that gap.  A close gap does 

not allow for changes in design or for mineral buildup in the piping which will cause a greater loss per 

foot.  If a greater safety margin is desired, some of the piping can be increased from the building 

control valve down stream until a satisfactory margin is attained.  That would also increase the safety 

margin to the rest of the compartments. 

 

 

 

 

 

 

 

Figure 8-4 

8-3 

A-382.40(7)-2 
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Graph A-382.40(7)-1 
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 All fire-water calculations shall be retained and submitted as a packet and will be part of the 

instructions the master plumber or plumbing designer shall provide to the homeowner.  An inspector 

must be able to determine by the information provided the controlling fixture whether it be a 

sprinkler(s) or plumbing fixture and how the fire-water distribution system was sized. 

 

 

 

 

 

 

Figure 8-5 

8-5 
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 Figure 8-5 and 8-6 are the Fire-Water Calc Worksheets for the Family Room compartment, single 

most demanding and two most demanding sprinklers.  The “A” value of 18.7, or rounded up, 19, is the 

most demanding sprinkler(s) with a 28 gpm flow requirement to serve both sprinklers.  As we size our 

water distribution system, we now know that any pipe serving both sprinklers in the Family Room 

compartment will be a minimum of 1 ¼” according to the Table 382.40-6, Figure 8-7. 

 

Figure 8-6 

8-6 
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 Generally speaking, the lower the “A” value, the higher the gpm demand requirement unless there is a 

change in the basic information that is submitted.  If a larger water service is required or water meter, 

or if the water distribution system is connected to a well and the pressure setting is changed, then, the 

“A” value will correspond to the altered system.  The very fact that the basic information provided for 

water calculation was required to be altered would tell the designer or master plumber that the demand 

load for the compartment being calculated is greater than previous calculations  

 

 

 

 

 

 

 

 Figure 8-8 is the isometric for the water distribution piping  

 

 Fire-Water calculations have been completed for the main floor.  The most demanding fixture on the 

water distribution system up to this point is the Living Room compartment, two most demanding 

sprinklers with a 40 gpm flow requirement. 

 

 Basement compartment calculations will be provided in Chapter 9 to verify proper pipe sizing and the 

lesser demand requirement to serve that compartment. 

 

Figure 8-7 

Table 382.40-6 
A value 

8-7 
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Figure 8-8 

1 ¼” 23 gpm 

1 ½” 40 gpm 

1 ½” 

1 ¼” 

28 gpm 

1 ¼” 

28 gpm 

1” 

14gpm 

1”  

13 gpm 

1 ¼” 

26 gpm 

1” 

17gpm 

1 ¼” 28 gpm 

1” 17 gpm 

1 ¼” 30 gpm 

8-8 
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 Chapter 9 

 Basement Compartment  

 Example Completion 
 

 

 For our MPP system, we have selected the Reliable pendent RFC 43 sprinkler for the basement 

area. 

 

 

 

 The drawing in Figure 9-1 on page 9-2 illustrates the location of sprinklers in the basement.  It is 

assumed that the entire basement is going to have a finished ceiling.  The width of the basement is 

less than 28 feet.   

 

 Note the sprinklers are all pendants.  In the front to rear direction of the basement, the sprinklers 

are placed so that a 16 ft x 16 ft coverage area can be used for all the sprinklers.  Even though 

there are more than 2 sprinklers in the basement, the whole basement can be considered 1 

compartment.  This is assuming that the ceiling will be dropped far enough that the beam will not 

create an 8 inch or greater change in elevation. 

 



9-2 

 Note that a sprinkler was placed behind the stairs.  The area under the stairs would then be 

included in the coverage.  Another option would be to enclose the area under the stairs and the 

additional sprinkler would not be necessary (8.6.5). 

 

 The area of basement behind the garage and under the family room is included because it is a full 

height area of the basement (8.6.5).   

 Basement Pendent Sprinklers………………..11 – 16’ X 16’ 

 

 Remember, according to NFPA 13D Standard; 8.1.1.2.1 and 8.1.2, the system shall provide at 

least the gpm demand flow required for the multiple (26 gpm) and single (13 gpm) sprinkler 

operating criteria specified by the sprinkler listing.  The number of design sprinklers under a flat, 

smooth horizontal ceiling shall include a maximum of two sprinklers that require the greatest 

hydraulic demand.  The two sprinklers behind the unexcavated garage area are the two sprinklers 

with the greatest demand due to friction loss / length of piping. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9-1 
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 From our previous Fire-Water Calcs of the Living Room and Family Room Compartments, a 1 ½” 

water service and a 1” water meter has been selected to meet the demand for the Controlling 

Fixture which is the Living Room two most demanding sprinklers.  Using this required change in 

our Basement Compartment calculations, the following Fire-Water Calcs are computed on the 

next two pages 

 

 

 

 

Figure 9-2 
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Figure 9-3 
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Figure 9-4 
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 To Sum Up: 

 

 Chapter 5 

 Plumbing Demand:  

o 1” K copper water service, 1”M copper water distribution (to second branch connection), 

� 22 wsfu’s, 15.2 gpm demand requirement  

o “A” value of 23 

 

 Chapter 6 

 Master Bedroom single most remote sprinkler. 

o 17 gpm, 15 psi requirement for 16’ X 16’ coverage 

o 1” K copper water service, 1” M copper water distribution 

o “A” value of 27 

 

 Chapter 7 

 Living Room Compartment 

o Single most hydraulically demanding sprinkler 

� 23 gpm, 27.4 psi requirement for 16’ X 20’ coverage 

� “A” value of 12 

� 1” K copper water service, 1 ¼” M copper water distribution 

 

o Two most hydraulically demanding sprinklers 

� 40 gpm, 27.4 psi requirement 

� “A” value of – 44 

� 1” K copper water service,  

o “A” value of 22 

� 1 ½” K copper water service, 1 ½” M copper water distribution (to second branch 

connection). 

 

 Chapter 8 

 Family Room Compartment 

o Single most hydraulically demanding sprinkler ( 1” water service) 

� 14 gpm, 10.2 psi requirement for 14’ X 14’ coverage. 

� “A” value of 29 

 

o Two most hydraulically demanding sprinklers (1” water service) 

� 28 gpm, 10.2 psi requirement  

� “A” value of 19 

 

 Chapter 9 

 Basement Compartment 

o Single most hydraulically demanding sprinkler (1 ½” water service) 

� 13 gpm, 9.1 psi requirements for 16’X16’ coverage 

� “A” value of 45 

o Two most hydraulically demanding sprinklers (1 ½” water service) 

� 16 gpm, 9.1 psi 

� “A value of 40 

 

 

The Living Room 

Compartment, two most 

hydraulically demanding 

sprinklers would be the 

controlling fixture for the 

Fire-Water Distribution 

System, or MPP. 

 

All sizing of the fire-water 

distribution system and all its 

branches would be sized with 

an “A” value of 22 and in 

accordance with our Table 

382.40-2-6 Copper Type M 

Tubing. 
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 Once the controlling fixture(s) for the fire-water distribution has been established, the pipe sizing 

can be completed.  Since no sprinkler gpm demand is less than 13 gpm, we can determine from 

our Table 382.40-6, Figure 9-6 that the minimum pipe size serving a sprinkler will be 1” or 

greater.  Our most demanding sprinklers in the living room compartment determine our maximum 

gpm of 40, which will be a design selected 1 ½” pipe size. 

 

 

 

 

 

1 ¼” 28 gpm 

1 ½” 

1 ¼” 23 gpm 

1 ¼” 28 gpm 

1 ½” 40 gpm 

1 ¼” 30 gpm 

1” 17 gpm 

1” 13 gpm 

1” 

14gpm 

1 ¼” 

28 gpm 

1 ¼” 

gpm 

1”  

17 gpm 

1 ¼” 

26 gpm 

Figure 9-5 

1” 13 gpm 

1” 

 14 gpm 

1” 

 19 gpm 

1” 13 gpm 
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 Once the multipurpose piping  system is completed, a record of the calculations and design work 

needs to be retained for the homeowner and for anyone who may inspect the MPP system or alter 

it in the future.  A packet example is discussed in Chapter 10. 

 

 Section 8.2, and 8.2.5 of the NFPA 13D 2007 Standard provides the guidelines for positioning of 

the sprinklers and distances required from obstructions.  A careful review of the dwelling ceiling 

fans, lighting, cabinetry, and distances from heat sources is critically important in sprinkler 

placement. 

 

 

 

 

 

 

 

 

 

 

Figure 9-6 

Table 382.40-6 

A = 22 
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 Controlling Fixture is 

the two most 

demanding sprinklers 

in the Living Room 

Compartment.  The 

“A” value calculated 

will be the set value 

for the entire fire-

water distribution 

system 

Figure 9-7 
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 Chapter 10 

 Documentation 

 
 

 Documentation shall be available upon request (4.8). 

 Ensure adequate water supply 

 Listed devices 

 Adequate sprinkler coverage 

 

 New to the 13D Standard in 2007, the requirement to document the MPP system design provides a 

record of design conditions.  The following list of information should be included in the 

documentation. 

 

o A scaled print or drawing, along with an isometric drawing of the fire-water distribution 

system 

o Location, address 

o Size of water service 

o Water meter size 

o Residual (low) water pressure at the main or low well pressure setting 

o Interior walls 

o Sprinkler specification sheets 

o Type of pipe material 

o Hanger spacing 

o Riser detail, gpm flow requirement on branch piping 

o Installing contractor information 

o Hydraulic calculations, plumbing and sprinkler water calcs. 

o Warning sign 

 

 In Wisconsin, when a master plumber uses the Fire-Water Crew File available from the 

Department, much of the information required is captured on the Fire-Water Calc Worksheets.   

 For our example the following information would be placed in a packet and retained by the 

homeowner. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Domestic Plumbing Water Calculations 
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Master Bedroom Single 

Sprinkler Calcs 

Family Room Compartment, Single and Two Most Demanding 

Sprinklers Calcs 

Living Room Compartment, Single and Two Most Demanding 

Sprinklers Calcs 

Basement Compartment, Single and Two Most Demanding Sprinklers 

Calcs 
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A scaled drawing or 

print, main floor.  

A scaled drawing 

or print, 

basement. 
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Type of Pipe 

material, and load 

limitations per pipe 

size. 

Isometric of the fire-

water distribution 

system, with sizing 

gpm load 

requirements. 

Table 382.40-6 



10-5 

 

 

 

 

 

 

 

 

Sprinkler 

manufacturer 

specifications 

Sprinkler 

manufacturer’s 

design and 

installation guides 
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 A sign shall be positioned adjacent to the main shutoff control valve that states in ¼” or larger 

letters (6.3(5)); 

 

 

 

 If the multipurpose piping system is a partial system, then the wording on the warning sign would 

reflect that the number and location of sprinklers in the system does not conform to NFPA 13D. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Warning!!! 

The water system for this home 

supplies fire sprinklers that require 

certain flows and pressures to fight a 

fire.  Devices that restrict the flow or 

decrease the pressure or automatically 

shut off the water to the fire sprinkler 

system, such as water softeners, 

filtration systems, and automatic shut 

offs, shall not be added to the system 

without a review of the fire sprinkler 

system by a fire protection specialist.  

Do not remove this sign. 

 

Refer to SPS 382.40(3) (e)2.c. & d. 

The number and location of 

sprinklers in this system conform 

with NFPA 13D. 

 

Job Done! 
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 Chapter 11 

 Public Buildings 

 Water Service, Private Water Main Sizing 
 

 

  Multipurpose Piping Systems  

 Where can a MPP system be installed?  An MPP system installed in any: 

 

 One or Two family dwellings, Non-public 

 

 A dwelling being served by community, municipal, non-community water system or private well, 

there are no restrictions in any code as to the type of water source.  The plumbing code as of 3-1-

09 permits non-potable sources (such as storm) to serve MPP. 

 

  In Wisconsin, partial MPP systems can be installed with a reference attached to the warning sign 

at the building control valve stating that the number and location of sprinklers in the system does 

not conform to NFPA 13D (SPS 382.40(3)(e)2.d.). 

 

 Public Buildings  

 

 Changes (March 1, 2008) to the building code in SPS 362.0903(6) allow MPP systems to be 

installed in multi-family dwellings with three and four units, and townhouses up to 20 dwellings 

and a maximum of 3 stories in height (with conditions).  

 

 As of January 1, 2011, sprinklers shall be required in all multi-family dwellings with three or four 

units, except as noted below for townhouses. 

 

o Multi-Family, Apartment Buildings, Condo’s, etc. Other Than Townhouses: 

 

 SPS 362.0903(6)(c) is an exemption that allows MPP systems where the building has three or four 

units, is two stories or less, and is not served by a municipal or community water system.  The 

water supply definition restricts the use of MPP systems to no more than 24 people living in the 

four unit and the water system itself doesn’t serve 7 or more homes or 10 or more condos, or 

apartments.  (Note that a firewall meeting IBC 705 may separate multiple buildings with three or 

four units that are sprinklered with MPP systems per this exception.). 

 

o Townhouses 

 

 SPS 362.0903(6)(d)1. & 2.  An automatic fire sprinkler system need not be installed in a 

townhouse provided the townhouse complies with all of the following; 

o (d)1.a.  Not more than 3 stories above grade plane in height. 

o (d)1.b.  Does not contain more than 20 dwelling units. 

o (d)1.c.  Total gross floor area of all the individual dwelling units within the townhouse 

does not exceed 16,000 square feet. 

 

o    (d)2. Each dwelling is separated from other dwelling units by at least 2 hour fire resistant 

rated separation walls constructed in accordance with the requirements of IBC Section 705, 

except structural stability and horizontal continuity requirements of IBC Section 705 do 



11-2 

not apply; and the separation walls do not contain any openings and plumbing equipment 

and mechanical equipment. 

 

 SPS 362.0903(6)(d)3. In lieu of an automatic sprinkler system, a SPS 382.40 compliant MPP 

system may be installed conforming to sub. (14) provided the townhouse does not exceed more 

than 3 stories, and each dwelling is separated from other dwelling units by at least 2 hour fire 

resistant rated separation walls built per SPS 362.0903(6)(d)2.  Note:  No restrictions on water supply.  

 

 SPS 362.0903(6)(d)4. No automatic sprinkler system is required for any size townhouse provided 

the townhouse meets the construction requirements of (d)3.,  is constructed of at least 2 hour fire 

resistance as defined under s. 101.14(4m)(a)5m., Stats.  Note:  “Two hour fire separations for all walls that 

separate dwelling units, exit corridors and exit stair enclosures and for all floors and ceilings are capable of resisting fire for a 

period not shorter than 2 hours.’ 

 

 DNR Definitions: 

 

 NR 811.02(9) “Community water system” means a public water system which serves at least 15 

service connections used by year-round residents or regularly serves at least 25 year-round 

residents.  Any water system serving 7 or more homes, 10 or more mobile homes, 10 or more 

apartment units or 10 or more condominium units shall be considered a community water system 

unless information is provided by the owners indicating that 25 year-round residents will not be 

served. 

 

 (20) “Municipal water system” means a community water system owned by a city, village, county, 

town, town sanitary district, utility district, public inland lake and rehabilitation district, municipal 

water district or a federal, state, county or municipal owned institution for congregate care or 

correction, or a privately owned water utility serving the foregoing. 

 

 (21) “Non-community water system” means a public water system that is not a community water 

system. 

 

 (23)“Other-than-municipal water system” means a community water system that is not a 

municipal water system 

 

 (25) “Public water system” means a system for the provision to the public of piped water for 

human consumption, if a system has at least 15 service connections or regularly serves an average 

of at least 25 individuals daily at least 60 days out of the year.  A public water system is either a 

“community water system” or a “non-community water system”.  A system includes: 

 Any collection, treatment, storage and distribution facilities under control of the operator of a 

system and used primarily in connection with a system, and 

 Any collection or pretreatment storage facilities not under such control of the operator of a public 

water system which are used primarily in connection with a system.  Note:  The definition of public  water 

system as regulated by this chapter is broader and includes more water systems than those governed by the public service 

commission under its definition of a public utility in ch. 196, Stats.  

 

 (31) “Waterworks” or “water system” means all structures, conduits, and appurtenances by means 

of which water is delivered to consumers except piping and fixtures inside buildings served, and 

service pipes from buildings to street mains. 

 

 NR 812.07(78) “Private water system” means any water system supplying water that is not a 

public water system. 
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 Sizing The Water Supply  

 

 Encapsulating, with the changes in SPS 362.0903(6), Multipurpose Piping Systems may be 

installed in 3 and 4 unit dwelling buildings and townhouses up to 20 units that are served by 

a private water system, potable or non-potable water source.  Townhouses may be served by 

the public water system.  The NFPA 13D standard limits the MPP system to one and two family 

installations and the water service is sized by either the gpm sprinkler demand or the gpm 

plumbing demand, whichever may be the greater demand.  So how do we size for installations 

outside of the sizing criteria of a two family dwelling? 

 

 

 The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents 

of this document (NFPA 13D – 2007 Standard).  Nothing in the NFPA standard is intended to 

restrict new technologies or alternative arrangements, provided that the level of safety prescribed 

by the standard is not reduced (1.4). 

 

 The Authority Having Jurisdiction (Dept. of Safety & Professional Services, Safety & Buildings 

Division) is responsible for enforcing the requirements of a code or standard, or for approving 

equipment, materials, an installation, or a procedure (3.2.2) 

 

Water System 

Private Water System Public Water System 

Community W. S. Non-Community W. S. 

Municipal Water System Other than Municipal 

Figure 11-1 
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 The solution to sizing the water distribution system for buildings beyond the 2 family limitation is 

to design a water distribution system in the same way as a one or two family system.  Each water 

distribution system serving up to two dwellings shall be independent of each other downstream 

from the water service connection. 

 

 How do you size for gpm demand on the water service?  The 13D Standard requires the larger of 

the two demands, fire sprinkler(s) or domestic to size the water distributions system and water 

service.  This demand is identified as the controlling fixture.  Once we start designing a water 

supply system for 3 and 4 unit dwelling buildings and townhouses the dynamics of melding key 

functions of the system such as frequency of use of fixtures, peak demand, type of fixtures and 

velocity limitations, will require a design that includes both adding the plumbing demand and the 

most demanding sprinkler(s) being served by the water service.  

 

The sizing of the water supply in a nutshell: 

 

 1 & 2 Family Dwellings: 

 

o Water Service and Water Distribution System is sized by the greatest gpm requirement 

(controlling fixture), whether it be a plumbing fixture, or the most demanding or two most 

demanding sprinklers in a compartment.  Add 5 gpm to the building demand for two 

family dwelling water services.  

 

 3 & 4 Unit Dwelling Buildings, and Townhouses up to 20 Unit Dwellings: 

 

 Water Distribution System 

o Size for most demanding plumbing fixture or sprinkler(s) 

o Water distribution piping may serve up to two dwellings  

o Piping serving both dwellings, 5 gpm added to the demand. 

 Water Service 

o Water service serving two dwellings 

� Add 5 gpm to the demand. 

� Size for most demanding plumbing fixture or sprinkler(s) 

o Water service serving 3 or more dwellings 

� Add plumbing fixture demand and 2 most demanding adjacent sprinklers being 

served (for flat, smooth, horizontal ceilings). 

 In all cases, peak demand requirements must be maintained for a minimum of 10 minutes, 7 

minutes for dwellings and manufactured homes, 2000 square feet or less. 

 

Examples:  The following examples of Figure 11-2 and 11-3 shows the water supply sizing for a 6 unit 

townhome. 

 The plumbing fixture demand for each dwelling is 20 wsfu’s, which converts to 14 gpm, SPS 

382.40-3 Table.  The sprinkler demand is the two most demanding sprinklers within a 

compartment, each sprinkler requiring 15 gpm, the two most demanding; 30 gpm.  The controlling 

fixture for each dwelling for our example will be the two most demanding sprinklers in a 

compartment. 

 

 The water service would be sized so that; 

o Water service piping serving a dwelling would have a gpm load of 30. 

� Two most demanding sprinklers   

o Water service piping serving two dwellings would have a gpm load of 35. 
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� Two most demanding sprinklers plus 5 gpm. 

o Water service piping serving three of more dwellings would have a gpm load of: 

� 68 gpm load on piping serving 4 dwelling units. 

• 30 gpm for the two most demanding sprinklers plus 

• 38 gpm plumbing demand, 80 wsfu’s 

� 78 gpm load on piping serving 6 dwelling units 

• 30 gpm for the two most demanding sprinklers plus 

• 48 gpm plumbing demand, 120 wsfu’s 

 

 Actual pipe size would be determined by the designer or master plumber and completing the water 

calc and fire / water calc calculations to obtain an “A” value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14 gpm
P
  

30 gpm^ 

14 gpm
P
 

30 gpm^ 

14 gpm
P
, 

30 gpm^ 

14 gpm
P 

30 gpm^ 

14 gpm
P
 

30 gpm^ 

14 gpm
P
, 20 wsfu’s, 

30 gpm^ 

1 2 3 4 5 6 

30 gpm 

demand  

 

35 gpm 

demand 

38 gpm
P
, 80 wsfu’s plus  

30 gpm^ 

68 gpm Total 

48 gpm
P
, 120 wsfu’s plus 

30 gpm^ 

78 gpm Total 

Figure 11-2 

Private water supply source 
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 Figure 11-3 is a water supply system with a single water service and water distribution piping to 

each unit serving the 6 units as identified in Figure 11-2.  On a MPP 13D system, the water 

distribution piping may only serve up to two dwellings downstream of the indicating control 

valves.  Figure 11-4 is a detail of the manifold pipe sizing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14 gpm
P 

30 gpm^ 

20 wsfu’s 

24 gpm
P
 

35 gpm^ 

40wsfu’s 

14 gpm
P
 

30 gpm^ 

20 wsfu’s 

24 gpm
P
 

35 gpm^ 

40 wsfu’s 

24 gpm
P
 

35 gpm^ 

40 wsfu’s 

48 gpm
P
 

30 gpm^ 

78 gpm Total 

Figure 11-3 

1 2 3 4 5 6 

Private water supply 

source 

MPP 13D indicating 

control valves, locked 

open 

3 Water distribution piping 

main lines each serving two 

dwellings , 35 gpm load on 

each one  

4 dwellings 68 gpm 

6 dwellings 78 gpm 

Plumbing building 

control valve 

Figure 11-4 
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 Figure 11-5 is another water service / water distribution 

main pipe sizing example.  The example is set up with 

a 1 ¼” water service providing 20 gpm to the building from a  

private water supply.   

 

 The building has four dwellings, each dwelling has plumbing  

fixtures totaling 30 wsfu’s, which converts to 20 gpm (Table 382.40-3). 

 The MPP sprinkler system for each dwelling has a compartment with two sprinklers each 

requiring a 17 gpm demand and 34 gpm is the controlling sprinklers load for sizing each dwelling 

because it has a higher demand load than the plumbing fixtures. 

 

 Piping serving two dwellings shall add 5 gpm to the controlling sprinkler demand, which is 39 

gpm.  

 Piping serving three or more dwellings shall size the piping with the 2 most demanding sprinklers, 

34 gpm, plus the domestic plumbing demand of 120 wsfu’s, or 48 gpm.  The total load on the 

main piping or manifold would be 82 gpm. 

 

 Sizing the holding tank requires the total fire – water building demand of 82 gpm for a duration of 

10 minutes, 7 minutes for dwellings that are 2000 square feet or less.  In this case the total 

capacity of the well and holding/ pressure tank would require a minimum of 820 gallons.  This 

capacity represents the worse case scenario of the two most demanding sprinklers discharging for 

10 minutes to extinguish a fire or at least contain it so the occupants can escape.   

 

 If the well and water service can provide 20 gallons per minute and 82 gallons per minute is our 

demand rate, then we are short 62 gallons per minute.  The holding tank/ pressure tank or a 

combination holding tank and booster pump would need to have a capacity of providing 62 gpm 

for 10 minutes, or 620 gallons. 

 

1 2 3 4 

Figure 11-5 

20 gpm
P
, 30 wsfu’s 

34 gpm^ 

20 gpm
P
 

34 gpm^ 

20 gpm
P
 

34 gpm^ 

20gpm
P
 

34 gpm^ 

Private Water Supply 

1 ¼ PE Water Service 

20 gpm capacity 

34 gpm 

load 

39 gpm 

load 

48 gpm
P 

34 gpm^ 

82 gpm total 

 

Holding / Pressure Tank 

620 Gal. capacity for 10 

minutes. 
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UDC – One & Two Family Construction, Dwelling 

 

Unit 1, Unit 2 identical.     WSFU’s 

2 BathroomGroups, one shower, one tub     7.5 

Kitchen Sink          1.5 

Laundry Tub & Washer Hook-up       3.0 

1 Dishwasher          1.0 

1 Frostproof wall hydrant        3.0 

           Bldg Demand:       16.0   =  11.6 gpm 

           Two Units              32.0       20.8 gpm 

MPP 

2 Most demanding adjacent sprinklers 

13 gpm, 8.7 psi    Total Sprinkler Demand:         26 gpm 
 

Duplex, Water Service  Multipurpose Piping System Adequate 

Municipal Water Supply – Main, Private Water Main, Water Services 

26 gpm 

26 gpm 

31 gpm 

 4” Water Main 

GPM load is either the plumbing 

demand or the Sprinkler demand, 

whichever has the highest demand.  

PWM add 5 gpm. 

Figure 11-6 
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Public Building Construction 

 

Each Unit has a plumbing fixture demand load of 16 WSFU’s  = 11.6 gpm (Table 382.40-3) 

Each Unit has 2 Most demanding adjacent sprinklers (13 gpm, 8.7 psi),  26 gpm (NFPA 13D 

8.1.2) 

Note: 

Any section of water service piping or section of water distribution piping serving one or two dwellings 

shall be sized for either the plumbing demand or the sprinkler demand, whichever has the greater demand 

load that needs to be satisfied.  For two dwellings, add 5 gpm to the building demand load on the section of 

private water main or water distribution piping serving both units.   

 

Any section of water service or section of water distribution piping serving three or more dwellings shall be 

sized for both the plumbing fixture demand and the sprinkler demand (either the most demanding sprinkler 

or if two or more sprinklers are within a compartment, the two most demanding adjacent sprinklers).   

 

 

 

 

4 Unit Dwelling – Multipurpose Piping System 

Private Water Main, Well 

Figure 11-7 

                                                                                                           

26
^
 gpm 31 gpm^ 

32 wsfu’s 

20.8 gpm 
P 

53.2 gpm^ 

48 wsfu’s 

27.2 gpm
P 

59.2 gpm^ 

64 wsfu’s 

33.2 gpm
P 

26 gpm 

Well 

28 gpm 

 

312 gal. 

Pressure storage 

tank 
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Figure 11-8 



A-1 

 

 

 

Appendix 

A 
Graphs  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



A-2 

 

 

 

 

 

 



A-3 

Graph A-82.40 (7)-2 

Pressure losses due to flow friction 

Material:  Copper Tube-Type K, ASTM B88;  (C = 150) 
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Graph A-82.40 (7)-3 

Pressure losses due to flow friction 

Material:  Copper Tube-Type L, ASTM B88;  (C = 150) 
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Graph A-82.40 (7)-4 

Pressure losses due to flow friction 

Material:  Galvanized Steel Pipe-Schedule 40, ASTM A53, ASTM A120;  (C = 125) 
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Segmented Method:  May Be Used Only For MPP Systems Connected to 4” Municipal Main or Larger  
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