
Gravity Roof Drains Fail:
US Plumbing Code



Plumbing Code
IPC or UPC MAP

(Local Code Always Takes Precedent)

**State of KY has its own Plumbing Code



Gravity Drains
UPC

IPC

Primary
100-year, 60 minutes

Overflow 
100-year, 60 minutes



Sizing the Roof

UPC IPC

Chapter 11: Storm Drainage
https://epubs.iapmo.org/2024/UPC/

Chapter 11: Strom Drainage
https://codes.iccsafe.org/content/IPC2

024P1/chapter-11-storm-drainage



Example 1
Rainfall Rate: 100-year, 60-minute: 4 in/hr
Area Feeding Each Drain = 13,500 sq ft



Sizing the Roof

UPC IPC

6” Roof Drain is Required

561 GPM is Required

But how do we take care 
of that demand?

Rainfall Rate: 100-year, 60-minute: 4 in/hr
Area Feeding Each Drain = 13,500 sq ft

Rainfall Rate x Area x .0104 = GPM
4”/hr x 13,500 sq ft  x .0104 = GPM

561 = GPM



Select a Drain to Use: 2012 IAPMO/ASPE Study
In 2012 the IAPMO/ASPE Research 
Foundation did a study on Roof Drains;     
it was led by Julius Ballanco. 

In the study they took all the major US 
drain manufacturers roof drains and 
tested them using the exact same 
parameters.  

Each drain was tested blindly so we don’t 
which drain is A, B, C, etc., but we do 
know all the data is apples to apples. 



UPC IPC

Sizing The SAME Roof
Rainfall Rate: 100-year, 60-minute: 4 in/hr
Area Feeding Each Drain = 13,500 sq ft

(3) 6” Roof Drains are required to 

obtain the 561 GPM Target Flow

(1) 6” Roof Drain is required 

GPM not taken into account

Both are approved

Note the drop in GPM flow from 5” to 6” of ponding for this gravity drain.

Why?

Sample is 6” CI Gravity Drain w/ CI Dome

Chart shows at given water depths, the 
drain’s GPM intake: 4” ponding = 238 GPM
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Gravity Drains require 2/3rds air 
to efficiently transport water. 

When a gravity drain becomes 
submerged, air no longer enters 
the drain making it less efficient.

This is exactly what the drop 
from 5” to 6” is showing.

Siphonic drains become more 
efficient with increased supply.

Gravity Requires Air Flow



Gravity Drains Fail: Prove Me Wrong

Test Test No. Model No. Description Strainer 1" 2" 3" 4" 5" 6"
W/O Pipe 35 F-8 6" cast iron drain ci dome 133 228 371 537 427 551
Straight Pipe 38 G-4 6" PVC drain ABS dome 118 112 240 462 764 1142
Straight Pipe 24 E-6 6" cast iron drain poly dome 150 135 211 281 418 873
Offset Pipe 24 E-6 6" cast iron drain poly dome 145 138 238 257 376 712
Offset Pipe 5 A-5 6" cast iron drain ci dome 228 240 549 1,008 1,014 1,026

 
1" to 2" 2" to 3" 3" to 4" 4" to 5" 5" to 6" 

42% 39% 31% -26% 23% 
-5% 53% 48% 40% 33% 

-11% 36% 25% 33% 52% 
-5% 42% 7% 32% 47% 
5% 56% 46% 1% 1% 

Seeing GPM stall out and 
even decline

2012 IAMPO/ASPE Results for 6” Gravity Drains

Drop in gravity drain efficiency, when water depth INCREASES
More ponding = less gravity drain efficiency

Confirmation of this shown in 2012 Study:



UPC IPC

UPC IPC

8” Pipe in the horizontal

PLUS, An Upsize in Horizontal Pipe

Pipe is never downsized, so this becomes the new MIN pipe diameter used through the main 
vertical stacks in multiple locations and the length of the entire building height. 

561 GPM flow through the drain

10” Pipe in the horizontal



Gravity Roof Drains Fail:
Prove Science Wrong



Here’s the Reality:
Calculations for a Gravity Storm 

System can NOT be done
(seriously…)



Sizing Pipe in the Vertical

“The annular ratio is significant to the flow capacities in vertical pipes.

 

The annular ratio of 1/3 is the maximum ratio for pneumatic reasons 
with lesser annular (water/air) ratios as an optional limiting factor”

June 2024 IAMPO/ASPE White Paper 
“Capacities of Stacks and Horizontal Drains in Storm Drainage Systems”

How do we account for the air/water mix within gravity calculations? Or on the roof?
(Not currently considered)



Most Efficient Air/Water Mix

rs= ratio of area of 

cross section of water 

stream in a drainage 

stack to total area of 

cross section of the 
stack; Water to Air mix 

in the pipe. 

rs = 1/3 = 1/3rd of the 

pipe is full of water 

(33%), 2/3rds of the 

pipe is full of Air (66%)

June 2024 IAMPO/ASPE White Paper 
“Capacities of Stacks and Horizontal Drains in Storm Drainage Systems”

How do we account for pipe material within gravity calculations?
(Not currently considered)



Test No. Model No.    1" to 2" 2" to 3" 3" to 4" 4" to 5" 5" to 6" 
2 A-2    68% 51% 5% 2% 3% 
7 B-2    68% 7% 34% 29% 8% 

11 C-2    90% 47% -1% 4% 2% 
16 D-2    48% 27% 13% 50% 16% 
27 F-1    23% 30% 15% 9% 32% 
31 F-5    64% 50% 8% 11% -1% 
36 G-2    78% 50% 21% 32% 6% 
40 H-2    81% 55% 12% 21% 19% 
45 I-2    71% 59% 45% 28% 25% 
48 J-2    62% 48% 3% 14% 10% 
53 J-7    67% 33% 7% 7% 47% 
58 J-13    72% 28% 15% 10% 50% 

 Avg    71% 43% 14% 20% 18% 
 

LAST: Pipe Routing Matters

**Crossed out values not included in the average calculations

Tests show pipe routing influences GPM 

flow, no constant shown even though the 

pipe setup is the same for each drain

Test No. Model No. Description Type of Strainer 1" 2" 3" 4" 5" 6" 
2 A-2 3" cast iron drain cast iron dome 41 135 405 414 418 429 
7 B-2 3" cast iron drain cast iron dome 58 152 202 414 448 467 

11 C-2 3" cast iron drain poly dome 27 181 415 468 485 495 
16 D-2 3" cast iron drain aluminum dome 25 101 149 171 490 522 
27 F-1 3" cast iron drain cast iron dome 105 220 137 171 261 522 
31 F-5 3" cast iron drain cast iron dome 47 133 266 398 411 429 
36 G-2 3" PVC drain ABS dome 16 95 140 195 475 500 
40 H-2 3" cast iron drain cast iron dome 16 91 208 226 239 498 
45 I-2 3" PVC drain poly dome 13 50 119 188 379 474 
48 J-2 3" cast iron drain cast iron dome 32 65 388 462 485 493 
53 J-7 3" cast iron drain brass dome 38 114 179 249 453 487 
58 J-13 3" cast iron drain brass dome 22 100 165 162 186 522 

  3" Average  30 111 240 304 406 483 
 

2012 IAMPO/ASPE Results for 3” Gravity Drains

How do we account for pipe length or fittings loss within gravity calculations?
(Not currently considered)



Gravity Roof Drains Fail:
US Gravity Drains Approved?



UPC IPC

Performance Standard for Roof Drains

ASME A112.6.4

Drains tested and 

results documented



Data not accurate with more pipe connected



There are 0 gravity overflow 
drains with ASME A112.6.4 

approval; ZERO



MFG A (“Traditional” Gravity Primary Drain)

MFG B (“High-Performance” Gravity Primary Drain)

3" Drain 1" 2" 3" 4" 5" 6"
AVG 38 68 292 289 298 299

MFG C (“Traditional” Gravity Primary Drain)

3" Drain 1" 2" 3" 4" 5" 6"
4ft Vert 81 320 350 352 356 359

3" Drain 1" 2" 3" 4" 5" 6"
AVG 25 87 214 225 231 247

MAX Hydraulic Head =
MAX Overflow Ponding =

MAX Water Depth

ONLY Measurement Structural Engineers Use 

to Size the Roof Load 

Water height on the roof at 

worst case scenario, if the 

primary drain was clogged

Why is just 

adding 2” to the 

primary data for 

the water dam 

problematic?



IT’S A TOTALLY DIFFERENT DRAIN!!

MFG B’s Gravity Primary Roof Drain MFG B’s Gravity Overflow Roof Drain

MFG B claims at trade shows to achieve a ‘high-performance’ gravity primary roof 
drain due to the nibs placed around the membrane clamp. That is a great discovery 
to increase performance, but as we can visually see looking at the gravity overflow 
roof drain diagram, the clamping collar with nibs are no longer included on the 
overflow design, replaced instead with a typical 2” water dam.



Gravity Roof Drains Fail:
Math Doesn’t Lie



Example 1
US Sizing on Smaller Roof

Rainfall Rate: 100-year, 60-minute: 3.67 in/hr
Area Feeding Each Drain = 2,000 sq ft

GPM = sq ft x rainfall rate x .0104
GPM = 2,000 sq ft x 3.67 in/hr x .0104
GPM = 76 per drain



Static Head MAX Hydraulic Head % Difference

GPM Water Dam Height Overflow Ponding Depth to Siphonic

MFG A (“Traditional” Gravity Primary Drain) 76 2" 3.82" 49%

MFG B (“High-Performance” Gravity Primary Drain) 76 2" 2.94" 15%

ASCE/FM Global Overflow (3") 76 2" 3.50" 37%

ASCE/FM Global Scupper (6" wide, 4" high) 76 4" 7.00" 173%

MFG C (Siphonic Roof Drains) 76 2" 2.56"

Overflow Drain Comparison: Example 1
Rainfall Rate: 100-year, 60-minute: 3.67 in/hr
Area Feeding Each Drain = 2,000 sq ft
GPM = 76 per drain

Weight (lbs.) per sq ft % Difference Total Roof % Difference

Example 2 MAX Ponding to Siphonic Weight (lbs.) to Siphonic

MFG A (“Traditional” Gravity Primary Drain) 20 49% 39,734           49%

MFG B (“High-Performance” Gravity Primary Drain) 15 15% 30,581           15%

ASCE/FM Global Overflow (3") 18 37% 36,406           37%

ASCE/FM Global Scupper (6" wide, 4" high) 36 173% 72,812           173%

MFG C (Siphonic Roof Drains) 13 26,628           



Example 2 with 
US Approved Roof Drains

Rainfall Rate: 100-year, 60-minute: 4 in/hr
Area Feeding Each Drain = 13,500 sq ft
GPM = 561 per drain



Overflow Drain Comparison: Example 2
Rainfall Rate: 100-year, 60-minute: 4 in/hr
Area Feeding Each Drain = 13,500 sq ft
GPM = 561 per drain

Static Head MAX Hydraulic Head % Difference

GPM Water Dam Height Overflow Ponding Depth to Siphonic

MFG A (“Traditional” Gravity Primary Drain) 187 3" 5.45" 11%

MFG B (“High-Performance” Gravity Primary Drain) 561 3" 5.48" 11%

ASCE/FM Global Overflow (6") 561 3" 8.50" 43%

ASCE/FM Global Scupper (6" wide, 6" high) 561 6" 11.00" 56%

MFG C (Siphonic Roof Drains) 561 3" 4.85"

**MFG B Primary Data used for both ASCE/FM Global metrics above

Weight (lbs.) per sq ft % Difference Total Roof % Difference

Example 1 MAX Ponding to Siphonic Weight (lbs.) to Siphonic

MFG A (“Traditional” Gravity Primary Drain) 28 12% 382,651         12%

MFG B (“High-Performance” Gravity Primary Drain) 29 13% 384,758         13%

ASCE/FM Global Overflow (6") 44 75% 596,796         75%

ASCE/FM Global Scupper (6" wide, 6" high) 57 127% 772,324         127%

MFG C (Siphonic Roof Drains) 25 340,525         



There is NO WAY to determine 
MAX HYDRAULIC HEAD/       

OVERFLOW PONDING DEPTH             
for a gravity system to provide   

reliable data to structural for roof 
load sizing

Conclusion:

**Saving grace is that ASCE/FM Global size gravity loads 2x what IPC/UPC communicate



Guide to 
Siphonic Roof Drainage



Based on the simple principle of a 
siphon using negative pressure 
caused from the height of the 

building and lack of air in the pipes.

 

This pressure pulls storm                       
water off the roof. 

The higher the elevation, the faster 
the flow of discharge.

What is
Siphonic Roof Drainage?



Half Diameter Storm Pipe
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Siphonic Drain
1/3 Water in 
annular flow

2/3 Air core

Baffle Plate eliminates air from 
entering the system, allowing smaller 

diameter pipe to be used

 (approximately half the diameter)

8” Pipe 4” Pipe



Roof Siphonic Roof Drain

Horizontal Carrier Pipe

Downpipe

No Horizontal Slope, Zero Pitch

Like a fire protection/sprinkler system, the storm routing 
is entered into a hydraulic balancing program which 
provides back the needed diameters.

1. Vertical = Natural Energy from Building Height +
 Energy Created by Reducing Pipe Diameter

2. Horizontal + Fittings = Energy Loss

Tail Pipes(30’/2”)(30’/3”)(20’/3”)
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What Makes it Work?
#1 The Baffle Plate 

eliminates air from entering the system

#2 The Pipework is Sized Accordingly
Not using a chart and just connecting a 

bunch of 3” pipe together

There are NO PUMPs used
Height of the building naturally pulls water 
towards the roof drain from every direction 



Plumbing Code

Is Siphonic Drainage approved? 
Yes, by both IPC and UPC as an engineered system.

ASPE 45 Standard: Design standard for rules and regulations governing siphonic roof drainage

ASME A112.6.9: Performance standard for siphonic roof drains



IAMPO: ASME A112.6.9

IAPMO is a testing corporation that then lists the products and certifies 
that products are manufactured to and meet standards

(File Reference 6009)



CI body, DI Baffle Plate

Siphonic Drain Options

S/S body and Baffle Plate

Only Requires       
12” Gutter

Membrane Installations



Issues with Gravity Drains



Why Do Gravity Drains Need Air? 
A Century of Research
In 1929, the Sub-Committee on Plumbing, Building Code 

Committee for the U. S. Department of Commerce 

recommended minimum requirements for plumbing:

“This diaphragming and forming slugs probably first appears in 
a 3-inch stack when the stack is from one-fourth to one-third 
full.”

Next in 1937 at the University of Iowa, Dawson and Kalinske 
conducted the first known recorded test considering the 
hydraulic properties of a liquid:

“With the pneumatic disturbances caused by the flow of water 
in vertical pipes, and with the factors effecting the amount of 
air necessary to prevent excessive negative pressures in 
adjoining drains.” 

“The water flow at a definite rate depending on the water 
discharge and the ability of the water to carry the air along.” 



Finally in 1961, NBS Monograph 31 conducted a study on the 

“Capacities of Stacks in Sanitary Drainage Systems for 

Buildings” which to this day helped create the GPM sizing 

charts for modern gravity storm sizing:

Why Do Gravity Drains Need Air? 
A Century of Research

“The ratio of area of cross section of this annular layer of 
water stream in a drainage stack to total area of cross section 
of the stack is recommended to be no greater than one fourth 
to one third”. 

Recently in June 2024, IAMPO/ASPE released a white paper 
titled “Capacities of Stacks and Horizontal Drain in Storm 
Drainage System”. The new study does a great job of showing 
the negative effect on performance when the water/air mix 
transitions away from 1/3rd :

“The annular ratio is significant to the flow capacities in 
vertical pipes. The annular ratio of 1/3 is the maximum ratio 
for pneumatic reasons with lesser annular (water/air) ratios as 
an optional limiting factor” 

June 2024, IAMPO/ASPE, “Capacities of Stacks and Horizontal 
Drain in Storm Drainage System”. 



 

Gravity Pipe Slopes = More Verticals

What’s Wrong with Pitch?
- More material required
- More space required
- Pitch dictates pipe routing
   and discharge location
- Numerous vertical drops     
   and penetrations
- Added civil connections
   and site disturbance
- Increased building
  elevations
- Added chases throughout



Gravity Drains Clog



Siphonic drainage is so powerful it pulls debris off the roof – no need for a dome
Anti-Clog Drain



Walmart – 1,000+ US Installs
Zero Roof Failures, Clogs, or Leaks



 

US Design Partners



 

“Does the drain need to be submerged to be Siphonic?”

“I’ll need to talk with structural”

Most Common Misconception

TRUTH: 

At only ¼” to ½” of ponding on the roof, the siphonic action will start 
to take effect



4 Stages of Siphonic Flow

Siphonic Action 
Starts at Stage 2

Siphonic Intensity increases with rainfall



3-4x More Efficient Discharge = LESS PONDING 
compared to traditional gravity drains

Less Ponding

**MIFAB Data



 

180 ft

330 ft

Siphonic Drainage
1000 feet of Pipe: 3” to 8”

20 feet of Trenching
1 Downspout/1 Manhole

Traditional Gravity System
1600 feet of Pipe: 6” to 18”

1050 feet of Trenching
12 Downspouts/10 Manholes

Less Pipe and Labor

180 ft

330 ft



Gutter Downspouts: Keep all Pipework Outside

Add More 
Garage Bays 

1 Vertical Riser 
vs 4 uneven

Eliminate 3 civil 
connections, plus 

trenching costs

Only Requires       
12” Gutter MIN



How to Submit a Design



Submit To Manufacturer

Make sure all connected drains are:
•On the same roof level
•Over 23 GPM (750sq ft) minimum

Information Needed to Balance:
•Routing (horizonal and vertical lengths)
•Area for each drain
•Rainfall Rate
•Pipe Material

Plans can be REVIT model or 
Blueprints with elevation view, 

pipe routing, and roof plan. 



Siphonic Balancing Program



Calculation Report + BOM

Calculation Report 
provides ASPE 45 

Compliance for IPC or 
UPC approval



Install ISOs

Revit file available free of charge



Install ISOs



Siphonic Blueprint Guide



Siphonic Blueprint Guide



CSI Spec and Contractor Pre-Install Call



Process for Field Changes



OVER 8,000 Siphonic Roof Drain Systems

SUCCESSFULLY designed by HydroMax

100% SUCCESS RATE

 ZERO System Design Failures

PROVENTESTED     -TRIED     -



Extra Topics:
Siphonic Anti-Clog



Walmart – 1,000+ US Installs
Zero Roof Failures, Clogs, or Leaks



Curb Inlets Outside



Issue with Gravity Drains

ASPE 45 Written Text (Siphonic)

CISPI Written Text (Gravity)



Issue with Gravity Drains



Siphonic vs. Sand Clog
Anti-Clog Drain



4 Stages of Siphonic Flow

Siphonic Action 
Starts at Stage 2

Siphonic Intensity increases with rainfall



Extra Topics:
Sound, Benefits



Sound in a Siphonic System

0%
Siphonic Intensity increases with rainfall

+5% -5% -7%



4 Stages of Siphonic Flow

Siphonic Intensity increases with rainfall



5 Ways Siphonic Saves

1. Eliminate vertical risers

2. Continue the diameter 
savings in the vertical

4. Run pipe flat to desired 
discharge location

3. Eliminate civil pipework 
and connections

5. Extend the siphonic 
pipe into civils



Top Cost Savings Benefits of 
Siphonic Roof Drainage

72

Anti-Clog Drain with Less Ponding

Smaller Diameter pipe = 

- Smaller Fittings

- Smaller Couplings

- Smaller Hangers

- Smaller Insulation

Less Pipework = Less Labor

- Less Penetrations

- Less Coordination

- Less Construction Time

- Less Manholes

- Less Trenching

- Less Conflicts

Horizontal pipes are installed       
without PITCH – Flat Level

Easy co-ordination of services for 
BIM modelling

Higher Ceilings – More Real Estate

#1

#2

#4

#3



BRENNAN DOHERTY

Director of Siphonic Drainage

bdoherty@mifab.com

312-241-5224
 

mailto:bdoherty@mifab.com
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