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 The lecture will introduce the student to general plumbing and fire protection design concepts and 
components found in the typical building design as well as the latest innovations of these systems.

 Gain a baseline understanding of building plumbing systems and applicable design considerations.

 Gain a baseline understanding of building fire protection systems and applicable design 
considerations.

 See/hear an explanation and examples of both traditional and innovative approaches to the design 
of plumbing and fire protection systems.

 Gain a fundamental understanding of the role(s) plumbing and fire protection engineers play in the 
design and construction process

Learning Objectives



Top Plumbing Systems Design Considerations

• What is the building’s use? For example, is it a restaurant, an apartment building, or 
a hospital

• What are the governing plumbing codes for that location? 
• Where are the utility hookups for the domestic water and sanitary sewer services 

located on-site? 
• How will you heat your water? We will use electricity, natural gas, and maybe 

renewable energy.
• How will rainwater be drained from the roof? It is a sloped roof or roof drains will be 

provided?



Design Consideration

• Plumbing Codes and 
Standards



Building Plumbing Systems
Plumbing
1. Domestic water systems
2. Waste & vent systems
3. Storm water systems
4. Medical gas
5. Natural gas systems

Fire Protection
1. Automatic Sprinkler systems
2. Standpipes
3. Special hazard systems



Building Plumbing Systems

 Water is delivered to a home 
through water supply pipes from the 
utility or a well and is then 
distributed to sinks, toilets, washers, 
bathtubs, and pieces of equipment. 

 The drain-waste-vent system carries 
away used water and waste to 
sewers or septic tanks. 

 The natural-gas piping system 
delivers this fuel to gas-burning 
cooktops, furnaces, water heaters, 
and clothes dryers.



Domestic Water Systems

• Potable water source
• Backflow prevention method
• Piping, valves and components
• Plumbing Fixtures
• Equipments



Sources of 
Drinking Water



BACKFLOW 
PREVENTION



All wetted areas of 
components—pipe, valves, 

fittings—must be Lead-
Free to comply with the 
Safe Water Drinking Act 
(NSF 61 and NSF 372)



Design Keys
• Incoming water quality – hardness, 

acidity, bacteria, contaminants    

• Valve location for proper isolation 
of fixture groups, risers, loops, 
and equipment

• Water demand and pressure

• Hot water is piped on the left side 
of the faucet, cold water on the 
right ALWAYS



Incoming water quality – hardness, acidity, 
bacteria, contaminants 



• Valve location 
for proper 
isolation of 
fixture groups, 
risers, loops 
and equipment



Hot water on 
the left, cold 
water on the 

right 
ALWAYS



Plumbing Fixtures

• Water Closets
• Urinal
• Lavatories
• Showers
• Floor Drains

RESIDENTIAL
COMMERCIAL
PUBLIC 
PRIVATE 
ADA /BARRIER FREE



sink with electronic sensor faucet, matching soap 
dispenser, and hand dryer

Incorporated Smarter water management 
Water usage, Battery strength, remote change the Sensor 
settings,
Automated line flush to eliminate stagnant water

INNOVATIONS 



Combine a water efficiency water closet with a high-
efficiency 1.1 gpf flushometers valve and you’ll get a 
system that uses 31% less water than the 1.6 gpf as 
recommended by the EPA standard.

High-Efficiency Urinals are specifically intended for 
commercial facilities that need to accommodate many 
restroom visitors and save water. 

Some urinals use as little as 0.125 gallons of water—
much less than the 1.0 gpf maximum required by the 
EPA standard for urinals.



Waterfree and Hybrid Urinals – can be 
used to reduce the amount of water 
used by the facility

A Hybrid Urinal automatically flushes 
up to 1 gallon of water once every 72 
hours

In a world of increasing water shortages—and increasingly 
strict usage regulations—conserving water has never been 
more important.



Water piping 
sizing criteria’s:
IPC Fixture Unit 
Table

Water Supply Fixture Units 
(WSFU) is the standard method 
for estimating the water 
demand for a building.

This system assigns an arbitrary 
value called a WSFU to each 
fixture in a building, based on 
the amount of water required 
and the frequency of use.



The UPC (Uniform Plumbing Code) Water Demand Calculator accurately predicts 
peak water demand in single-family homes and apartment buildings.



Every 2.31 feet of 
building height 
lowers the water 
pressure by 1 psi

Calculating booster pump head 
(example simplified)
100 feet / 2.31 ft = 43 psi



Booster Pump

When sizing a domestic booster pump, you 
need to measure the current water pressure 
against the amount of pressure that the booster 
pump can provide. For instance, a building 
looking to boost water pressure from 20 to 40 
psi will require a booster pump capable of 
producing 20 psi

Calculating Required Flow

Since varying flow rates occur throughout 
the day in your building, be sure to calculate 
the flow rate. For instance, the morning time 
in an apartment building normally results in 
peak flow usage. This is because most 
people get ready for work and school in the 
morning. The same building may have a 
minimum flow usage when most people are 
sleeping. Thus, the flow rate that fixtures 
use may vary greatly.



1. Pump Flow Rate
2. Cut-in/Cut-out Pressure
3. Target Run Time of the pump

How a bladder pressure tank works

A bladder is a balloon inside a tank that fills with water 
when there is pressure that is greater than that already in 
the bladder. A check valve stops the water from flowing 
backwards and reserves the water and pressure for use 
by the device it is feeding. This unique design also 
eliminates the need for a pump, as the bladder will act as 
a pump that uses no power.

Data points for sizing a pressure tank:

For VFD systems the minimum flow rate shall be used.

Wessels Tank Sizing Calculator

https://www.westank.com/calculator/


Domestic Hot Water System

A well-designed domestic hot water distribution system should do the following:
• Provide adequate amounts of water at the prescribed temperature to all 

fixtures and equipment at all times of use.
• Minimize risk to those using the fixtures it serves
• Must be guarded against excessive pressure, temperature, and contamination

Domestic Hot Water Components
• Water Heater Source 
• Supply and Return Systems
• Balancing Valves
• Recirculation Pumps
• Thermostatic Mixing Valves





Domestic Hot Water Systems

Hot Water Supply: portion of the domestic hot water piping 
that supplies hot water to the fixtures
Hot Water Return System: connection to the return system is 
made near the end of a branch supplying hot water to one or 
more fixtures. The connection is followed by a balancing valve 
to throttle the flow and a check valve to prevent flow reversal 
caused by fixtures discharging. The return system passes the 
water that has dropped below the design temperature back to 
the water heater to be reheated.



Domestic Hot 
Water Systems
• Do you wait more than one and one-half minutes for 
warm water to wash your hands? 

• IECC C405.5.2 Maximum allowable 
pipe volume method limits the calculated volume from 
the source to the termination of the fixture supply pipe 
to 0.2 oz. for a public lavatory faucet and 0.5 gallons for 
other fixtures and appliances. The 0.2 oz. and 0.5-gallon 
numbers are defined in the code text, not in a Table. 
This volume method is clearly more restrictive than the 
maximum length option.

IECC -International Energy Conservation Code





• Balancing Valves: The flow through each segment 
of HWR is a percentage of the total system flow and is 
regulated by the balancing valves. 
• A properly balanced recirculation system will result 
in the same temperature drop at each balancing valve.
• Recirculation Pump
• The total flow through the HW system is selected 
based on the heat loss from the supply system when 
fixtures are not in use. This is controlled by the pump. 
The necessary flow through the system is a function of 
the heat loss over time and the acceptable 
temperature drop to the balancing valve. 
• Thermostatic Mixing Valve
• In systems where the domestic hot water 
temperature will be lower than the temperature 
stored in the water heater, a thermostatic mixing valve 
(TMV) should be used for tempering.

Domestic Hot Water Systems 
Components



Electric/gas storage tanks

Instantaneous water heater

Hot water or Steam heat exchangers

Heat pump water heaters

Solar collector water heaters

Domestic Hot Water Sources



HIGH-OUTPUT, TANKLESS, ON-DEMAND WATER HEATERS



Heat Exchanger Applications



Solar Water Heating System





Waste & Vent 
Systems

Key Features
•Drainage System -

Gravity flow
•Pipe slope
•P-trap
•Vent piping system



Sanitary Waste Piping System

Key Facts:

• Slope 1/8”, ¼” or ½” per foot 
of pipe.

• Piping is typically run under 
the floor of the plumbing 
fixture.



P-TRAP

• Provide air to gravity sewer system.
• Vent discharge typically through roof
• Away from fresh air intake or operable 

windows



Plumbing Vent 
• A pipe provided to 

ventilate the plumbing 
system

• A pipe provided to 
prevent trap siphonage 
and backpressure 

• A pipe provided to 
equalize the air pressure 
within the drainage 
system



Drainage and Vent piping sizing
• The method of sizing 

the drainage and vent 
system is based on 
Drainage Fixture Units 
assigned for each 
plumbing fixture as 
load factors.



Grease Waste Plumbing codes do 
not allow discharges 
of grease into the 
sewers because 
discharges block the 
lines.



Grease Tank Interceptor

Best practice: Pump grease trap at least once every 3 
months.



Storm Water Drainage
• Purpose is to remove rain water to prevent excessive roof ponding which could lead to roof failure and 

leakage
• No vents or traps required on storm lines
• Must provide 100% redundancy by secondary drainage, scuppers or overflow

• Gutters and downspouts are not typically our scope



Storm Drainage Sizing 
Key Factors:

• Rainfall rate in the 
area

• The projected roof 
area which drains the 
rainwater to each 
individual roof drain



100 year 1 
hour rainfall



Gravity Drainage vs Siphonic Drainage

Siphonic drainage systems 
are usually installed on 
large industrial, storage, 
and retail buildings, where 
it is difficult to effectively 
drain the roof using a 
gravity drainage system.



Rainwater 
Harvesting 
System

Reuse Water



Reuse Water

• Greywater & 
Blackwater



Medical Gas Systems
• Oxygen (O₂)
• Medical Air (MA)
• Medical Vacuum (VAC)
• Carbon Dioxide (CO₂)
• Nitrogen (N₂)
• Nitrous Oxide (N₂O)
• Waste Anesthesia Gas Disposal (WAGD)
• Used only for patient care (except Nitrogen)
• Master and area Alarms, zone valves, 

monitoring, service valves, backup sources, 
piping cleanliness, outlet types, and much more

• FGI - Facility Guidelines Institute – guidelines for designing 
and building hospitals and other health care facilities.

• NFPA 99 - Health Care Facilities Code – Medical Gas 
Requirements

• International Plumbing Code and Uniform Plumbing Code



4. Medical Gas 
Systems

• Med Gas Outlet – Wall Mounted or Console / headwalls 
• Zone valves and Alarms
• Medical Air compressor
• Vacuum Pumps
• Med Gas Manifolds



Medical Gas Manifold



Medical Gas System



NFPA 99 
Typical Med 
Gas Piping



Fire Protection Systems

• Automatic Sprinkler systems
- Wet Pipe system
- Dry pipe system
- Preaction system

• Standpipes

• Water mist fire suppression

• Gaseous fire suppression

• NFPA 13 – Sprinkler Systems
• NFPA 14 – Standpipes and 

Hose Systems
• NFPA 20 – Fire Pumps
• NFPA 54 – Fuel Gas Code

GOVERNING CODES



Fire-Water Supply
automatic fire sprinklers
Standpipes
Fire department connections
Fire alarm systems
Fire pump



Types of heads:
•Pendent
•Upright 
•Sidewall
•Concealed
•Extended coverage
•Dry/freeze proof



Automatic Sprinkler Systems
NFPA 13, Standard for the Installation of Sprinkler Systems.

https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=13


Standpipes and Hose Connections

A minimum residual pressure required for a Class I system is 
100 psi at the hydraulically most remote 2 ½ in hose 
connection with a flow rate of 500 gpm, through the two most 
remote 2 ½ in hose connections.

Class I - used 
by the fire 
department in 
buildings that 
have more 
than three 
stories

Class II

Class III 



Fire Pump



Water mist systems are fire suppression 
systems that use very small water droplets to 
extinguish or control fires.
• Machinery spaces

• Combustion turbines

• Industrial oil cookers

• Computer room raised floors

• Data processing equipment rooms

• Chemical fume hoods

• Continuous wood board presses

• Shipboard passenger cabins and corridors

• Shipboard accommodation and public space areas

• Road tunnels

• Cable conduit tunnels



Gaseous fire suppression

most gaseous suppression systems suppress fire 
primarily by reducing the available oxygen for 
combustion with a secondary benefit of cooling and 
inhibiting the chemical chain reaction.

Carbon Dioxide
Halocarbon agent
Inert gas





QUESTIONS ?
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