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“A complicating factor is the historic roots of 
current design guides and standards (including 
the interpretation of the governing fluid 
mechanics principles and margins of safety), 
causing many design differences to exist for the 
same conditions internationally, such as 
minimum trap seal retention requirements, 
stack-to-vent cross-vent spacing, and even stack 
diameter. “

Building Drainage System Design for Tall Buildings: Current Limitations and Public 

Health Implications



Bottle Trap P-Trap



Bottle Trap P-Trap



Pedestal Water Closet: Siphonic vs 
washdown



Squatting
Water Closet





A majority of drainage standards 
around the world are based on 
incorrect assumptions of a simple 
correlation between drainage and 
airflow in stacks from the National 
Bureau of Standards in the mid 20th

century







J. A. Swaffield, Transient Airflow in Building Drainage Systems, 2010





Australia Singapore Europe China



US

New York City Plumbing Code



OFFSET FLOOR VENTING IN GERMANY LOWEST FLOOR VENTING IN CHINA STUB STACK IN UK



Peak Drainage Flow Calculations

EQUATION 1 – Loading calculation in EN 12056 (EUROPE)

𝑄𝑤𝑤 = 𝐾 𝛴𝐷𝑈

𝑄𝑤𝑤 = waste water flowrate (L/s)

𝐾 = Frequency factor

Σ𝐷𝑈 = Sum of discharge Units

EQUATION 2 – Loading calculation in GB 50015 (CHINA)

𝑞𝑝 = 0.12𝑎 𝑁𝑝 + 𝑞𝑚𝑎𝑥

𝑞𝑝 = Drainage design flowrate (L/s)

𝑁𝑝 = Sanitary appliance drainage equivalent value

𝑎 = Building type coefficient



D. Cole, “The Missing Hunters Curves”, Plumbing Engineer Magazine 2013

“Instead of expressing the unit of measurement in cubic

feet per minute, Dr. Hunter coined the term “fixture unit,”

which expressed both a flow rate and a relative value

between different kinds of plumbing fixtures. The fixture

unit became the unit of measure to express pipe capacity,

which is also a flow rate in cubic feet per minute.”



D. Cole, “The Missing Hunters Curves”, Plumbing Engineer Magazine 2013



International Plumbing Code





Maximum Dwelling Units on Horizontal Drain (4 inch)
INTERNATIONAL DRAINAGE LOADING COMPARISON
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Maximum Dwelling Units Per Horizontal Drain (6 inch)
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Water Closet Drainage

COUNTRY Max FLUSH VOLUME MINIMUM DIAMETER GRADIENT

United States
1.6 gal

4.8 L
3” (DN 80)

IPC: 1%

UPC: 2%

United Kingdom
1.6/1.1 gal (1.23 gal)

6/4 L (4.7 L)

4” (DN 100)
2.5%

Netherlands
Min 1.6 gal

6 L
4” (DN 100) 0.5%

Scandinavia
1.1/0.5 gal (0.7 gal)

4/2 L (2.7 L)

Denmark: 3” (DN 80)

Sweden: 4” (DN 100)
2%

Germany 1.2 gal (4.5 L) 3” (DN 80) 2%



Design cross-sectional filling height

Horizontal drain filling height

STANDARD ORIGIN MAXIMUM FILLING HEIGHT

DS 432 Denmark 50%

DIN 1986-100 Germany 50%

GB 50015:2019 China (PRC) 60%

NEN 3215 Netherlands 70%

BS EN 12056-2 UK 75%

IPC/UPC US 50%









Comparison of Recommended Velocity Ranges in 
Design Standards for Return Piping
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Transfer pump

Gravity 
storage 
tank



https://rosenwachtank.com/





Incorporating the principals of fluid 
mechanics and regional objectives 
are key in advancing plumbing 
standards for the 21st century
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