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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
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Siphonic Toilet Washdown Toilet

Pedestal Water Closet: Siphonic vs
washdown
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Figure 1: Water depth in trap



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



Annular water
film forms a
curtain at
stack base,
entrained air
1s drawn
through.
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Figure 4.21 Increasing entrained airflow as a direct result of increased wet stack length by
introducing a 2 litre/second water inflow further up the stack in a 150 mm diameter single

stack system, Figure 4.1(b)

Entrained airflow / applied water flow
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Figure 4.2 Expected air pressure regime within the vertical stack of a single stack system
subject to four individual discharging branches

J. A. Swaffield, Transient Airflow in Building Drainage Systems, 2010
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OFFSET FLOOR VENTING IN GERMANY
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Peak Dramage Flovf Ca ulatl
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EQUATION 1 - Loading calculation in EN 12056 (EUROPE) EQUATION 2 - Loading calculation in GB 50015 (CHINA)
Quw = KNZDU

qdp = 0.12a,/Np + qmax

= waste water flowrate (L/s
Quw (L/s) q, = Drainage design flowrate (L/s)
K = Frequency factor _ _ _ _
N, = Sanitary appliance drainage equivalent value
XDU = Sum of discharge Units

a = Building type coefficient




“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.”

29

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



Relation of Peak Load to Total Number of Fixture Units
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Figure 5: Estimate Curves for Drainage Loads in Report BH13 (red =
black + blue)

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



TABLE 710.1(1) BUILDING DRAINS AND SEWERS

MAXIMUM NUMBER OF DRAINAGE FIXTURE UNITS
CONNECTED TO ANY PORTION OF THE BUILDING
DIAMETER OF DRAIN OR THE BUILDING SEWER, INCLUDING
PIPE (inches) BRANCHES OF THE BUILDING DRAIN?
Slope per foot
145 inch /5 inch 114 inch 1/5 inch
i — — 1 1
1, — — 3 3
2 — — 21 26
215 — — 24 31
3 — 36 42 50
4 — 180 216 250
5 — 390 480 575
6 — 700 840 1,000
8 1,400 1,600 1,920 2,300
10 2,500 2,900 3,500 4,200
12 3,900 4 600 5,600 6,700
15 7,000 8,300 10,000 12,000

For SI: 1 inch = 25.4 mm, 1 inch per foot = 83.3 mm/m.

International Plumbing Code

a. The minimum size of any building drain serving a water closet shall be 3 inches.
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Figure 5.9. Largest simultaneous load of wastewater. See Formula 5.1 for calculating the maximum
simultaneous load of wastewater.

Curve A: Housing, office buildings, retirement homes. Curve B: Hotels, hospitals, cinemas, assembly
halls.
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Maximum Dwelling"Units on Horizontal

INTERNATIONAL DRAINAGE LOADING COMPARISON
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COUNTRY

United States

United Kingdom

Netherlands

Scandinavia

Germany

ater Closet Dra

Max FLUSH VOLUME

1.6 gal
4.8 L

1.6/1.1 gal (1.23 gal)
6/4L (4.7L)

Min 1.6 gal
6L

1.1/0.5 gal (0.7 gal)
4/2 L (2.7 L)

1.2 gal (4.5L)

MINIMUM DIAMETER

3” (DN 80)

4” (DN 100)

4” (DN 100)

Denmark: 3” (DN 80)
Sweden: 4” (DN 100)

3” (DN 80)

-

S

GRADIENT

IPC: 1%
UPC: 2%

2.5%

0.5%

2%

2%




Design Cross- sectlongl
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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%
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Design flow trends for different calculation methods at <50 apartments
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Figure A.3 Design flow rates for different calculation methods for flow <10 I/s; number of apartments < 50 (Note: curves without the
addition of hot water loading units are indicative only and do not suggest an alternative design approach)
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Comparison of Recomm ended VeIOC|ty

Design Standards for Return P|p|ng
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(Germany)
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(China)
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UNI 9198
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Table 3: Comparison of Standard Temperatures for Domestic Hot Water Circulation Systems

Minimum Allowable Circulation Temperatures

Publication Region In Piping Fixture Outlets Hot Water
Storage Tank

SANS 1025215 South Africa 45°C (113°F) N/A 55°C (131°F)

GB 50015-2019% China (PRC) 45°C(113°F) | 113°F (45°C) within 15 seconds® | 60°C (140°F)
ASHRAE Guideline 12-2020 United States 49°C (120°F) 49°C (120°F)° 60°C (140°F)
HSG 274, BS 85586768 United Kingdom s0°c (1220) | OO C(12Z°F)within 60seconds o g yopy

or0.5L(0.13 gal)

BFS 2014:3% Sweden 50°C (122°F) NA 60°C (140°F)

Legionella and the prevention of |\ 11 eaith Organization | 50°C(122°F) | 50°C(122°F) within 0seconds | 60°C (140°F)
legionellosis

Quebec Construction Code (2021)’° | Province of Quebec(Canada) | 55°C(131°F) N/A 60°C(140°F)
AS/NZS 3500.4:20217" Australia & New Zealand | 55°C (131°F) N/A 60°C (140°F)

W 557, DIN 1988200727 Germany 55°C(131°F) | 55°C (131°F) within 30 seconds | 60°C (140°F)
NEN 1006, 1550 55.17% Netherlands 60°C (140°F) | 60°C (140°F) within 15 seconds | 60°C (140°F)

a 15 seconds for residential occupancies and 10 seconds for healthcare and hotel occupancies

b. While no maximum wait-time for hot water or maximum volume of water between circulated main and fixture is listed in ASHRAE 12, FGI Guidelines are
applicable for healthcare facilities and establish a limit of 0.7 L (24 ounces), equivalentto 4.9 m (16 ft) for DN 15 ("2-inch) piping.
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Incorporating the principals of fluid
mechanics and regional objectives
are key in advancing plumbing
standards for the 21st century
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John Lansing

CPD, LEED GREEN ASSOCIATE

John.lansing@pae-engineers.com

503.444.5499

151 SW 1st Ave
Portland, OR 97204
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