- wat ainstc siphoni “drai special
insert that acts as an air baffle and anti-vortex vane such tha
only water is drawn off of the roof, not air. Several of these
drains tie into a horizontal collector that is routed to a con-
venient point where it transitions into a vertical “downpipe.”
This downpipe, once it reaches the ground, is piped to a
vented manhole or inspection chamber where the water is
discharged at atmospheric pressure into the storm sewer.

Despite the popularity of this system in Europe and its
increased application around the world, siphonic drainage is
virtually unknown in the United States. Roof drainage is
probably one of the most crucial of the fundamental build-
ing mechanical systems. For the most part, roofs in the Unit-
ed States have been drained of rainwater the same way as
they have been for centuries. Building and plumbing codes
clearly outline the minimum requirements for rainwater
pipe systems drawing off of tried and true techniques.

Traditional Methods of Roof Drainage

Traditional rainwater drainage piping is designed to oper-
ate partially full under atmospheric pressure, although it
may be surcharged under extreme conditions. To induce
water flow, horizontal piping must be pitched. The greater
the pitch, the faster water will travel along the pipe in accor-
dance with the Manning Formula well known to plumbing
and civil engineers (Equation 1). The main premise of the
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Equation 1 Manning Formula

In the above equation, V is the fluid velocity in feet per
second, n is the dimensionless roughness factor that is a
property of the channel surface, R}, is the hydraulic radius in
feet and S is the channel slope. The water velocity in a 4-in.
cast iron (n = 0.012) gravity drainage pipe pitched at a 1%
slope is 2.34 feet per second when running half full. It can
flow 44.5 gallons per minute. This formula is the basis for
the calculated tables included in model codes.

Plumbing engineers who design rainwater pipe systems
are constrained by state or local plumbing codes that pre-
scribe minimum requirements. These codes specify the min-
imum required pitch of piping and the maximum roof area
that can be collected by horizontal and vertical pipes. The
purpose of these codes is to enforce uniform application of
fundamental principles of open channel flow in piping and
ensure the safety of roof structures. The existence of these
codes, however, does not preclude alternative designs if
properly engineered. With the involvement and understand-
ing of local enforcement authorities, it can be possible to use
siphonic systems.



- siphoned off under negatxve pressures. These mstallatwn
requirements also ensure sewer gas does not get blown
through fixture trap seals under positive pressures.

With roof drainage, however, the pipe interior pres-
sures can be positive or negative since trap seals are not
installed in storm water systems (apart from old systems
tied to a combined sewer). Pipe systems may also run
completely surcharged during extreme rainfall condi-
tions, something not desirable in a sanitary waste system.
It is therefore possible to increase the efficiency of roof
drainage by designing the piping to operate completely
charged with water. In this condition, however, different
assumptions about the hydraulics must be made to pre-
dict system pressures and flows.

The Principles of Siphonic Systems

The Manning Formula, shown as Equation 1, is a
derivative of the more general friction loss theory of Dar-
cy-Weisbach and from Bernoulli’s Principle. Manning
makes the assumption of open channel steady flow where
the free surface of the water (i.e. the hydraulic grade line)
is parallel with the slope of the channel and at atmos-
pheric pressure. Water in pipes running full, however,
may not meet these conditions.

Bernoulli’s Equation is an energy balance relationship
that basically states that a fluid in either rest or in motion
possesses three fundamental forms of energy. A fluid has
a static pressure energy that represents the work energy
expended in compressing the fluid. It also has a kinetic
energy as a result of motion. Finally, it also possesses
potential energy as a result of its elevation in a gravity
field. The total of all of these energy forms, according to
Bernoulli, is balanced even though the individual pres-
sure, velocity or potential energy conditions may change.
In mathematical form, Bernoulli’s theory is expressed as:

P, V; _Pz Vy
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Equation 2 Bernoulli’s Principle

This equation assumes that the fluid is both incompress-
ible (e.g. has constant density) and frictionless. Basically,
any two points within a fluid possess a constant energy.

Obviously, the frictionless assumption of Bernoulli is
made to demonstrate a basic principle of energy conser-
vation. However, real fluid flow in a pipe experiences
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Equation 3 Darcy-Weisbach Equation

In Equation 3, hy is the friction head loss in ft-pounds
per pound of fluid, L is the pipe length in feet, D is the
pipe inner diameter in feet, V is the fluid velocity in feet
per second and g is the gravitational constant. The f term
is a dimensionless friction factor found from the Cole-
brook Equation or the Moody Diagram, and is a function
of the fluid Reynolds Number and pipe surface roughness.
When friction loss is taken into account, Equation 2
becomes:

Vz

+Z,+ 2h;

Equation 4 Bernoulli with Energy Loss

Consider a simple roof drainage system consisting of
a single drain on a roof at height Z; connected to a pipe
that runs horizontally and then drops to grade level at
height Z, and discharges to an atmospherically vented
manhole. The fluid pressure at both the drain entrance
(Py) and the point of discharge (P,) are at atmospheric
and therefore cancel out of Equation 4. The velocity
(V1) near the drain inlet and in the manhole chamber
(V,) are essentially zero and also fall out of Equation 4.
The remaining terms, rearranged, are as follows:

ZI-ZZ — th

Equation 5

Equation 5 is the basic governing equation of a siphonic
roof drainage system. In short, the total energy available to a
siphonic system is equal to the potential energy from the ele-
vation difference between the roof outlet and the point of
discharge. The flow (i.e. kinetic energy) induced in the sys-
tem by the conversion of this potential energy results in an
energy loss from friction equal to the available potential
energy. The height difference in Equation 5 is referred to as
the Disposable Head.

People often make the incorrect statement that a siphon-
ic system is not a gravity system. Traditional gravity
drainage operates at atmospheric pressure throughout the
pipe system and relies on the physical gradient of horizon-



Secondary Roof Drainage Q & A

By Alexander Schwarz, CIPE

Secondary (emergency) roof drains or scuppers are
required according to IPC to prevent a rainwater build-
up. See Section 1107 for yourself. It’s very short and to
the point.

Firstly, there is an explanation in the above-referenced
section for where and why a secondary roof drainage sys-
tem must be provided.

Secondly, the requirement to have a separate system is
spelled out.

Thirdly, the sizing criteria are provided in a plain and
understandable manner.

However, there are no directions in the Code as to how
to install such a system. Because the requirement to have a
secondary drainage system is relatively new, some clarifica-
tion may be necessary. Here are some common questions
and answers on this subject.

The roof perimeter construction doesn’t extend above
the roof. Is there a need for secondary drains?

Not always. If a low point(s) of the roof is located far
enough from the roof edge, there is a possibility to accu-
mulate more water than a roof can hold. A typical roof (at
least in our neck of the woods) is designed for a snow load
which translates to 6" of water, the maximum depth
allowed. Assume that the roof insulation will be pitched at
1/4" per foot, and the low point is 30 feet away from the
roof edge. The depth of water at this low point will be 7
1/2", exceeding the maximum allowed depth. The second-
ary drainage will be required.

However, the roof bearing capacity may exceed the
depth described above as “typical.” In that case, the roof
will be able to support more water, the maximum allowed
depth will increase and the low points could be located far-
ther away from the roof edge.

There are scuppers provided. Is there a need for sec-
ondary drains?

Not always. This is the same as the previous situation. A
simple calculation will help to figure the answer. It is possi-
ble for the water build-up to exceed the maximum allowed
depth before the water reaches the scuppers. Another way
to answer this question is to locate the roof low points
close enough to the scuppers and to always check the
depth of water ponding.

.
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How far should a primary roof drain be located from
the secondary drain?

A secondary roof drain achieves its function by con-
trolling the water build-up. A standpipe or dam built
within the secondary drain dictates the anticipated water
depth. Because of that, no certain distance exists. If, for
example, the standpipe is 2" high, and the secondary
drain is 6 feet away from the primary drain, the depth of
water will be approximately 3 1/2" (if the 1/4" pitch is
maintained) before it reaches the standpipe’s top. If the
primary and secondary drains are located at the same ele-
vation (in a valley), the standpipe height alone will dic-
tate the water depth.

It is very important not to place secondary drains in any
kind of sumps. A secondary drain placed in a sump will
start working as soon as water reaches the top of the stand-
pipe. If the sump is 2" or deeper, the secondary drain shall
serve as the primary drain, totally defeating its purpose. If
the sump is shallower than 2", it will be full of standing
water, which may freeze and damage the drain and the
adjacent roofing.

Where should the secondary drainage be discharged?

Good question! Where exactly is this magic “above
grade” location which should also be “normally” observed?
Let’s begin from the above grade height. Quite often emer-
gency drain outlets are located right below the roof level of
low-rise buildings. At that level, outlets are not subject to
tampering. Also, the water stream coming from 20-30 feet
above will be highly visible. On the other hand, the flow of
60-90 gpm (assume a 2,000- to 3,000-sq.-ft. roof area at
3"/hr. rainfall) falling from this height may wash out small
children and will most likely cause some damage to the
grass. It seems to me that locating such outlets 3-4 feet
above grade, preferably near an exit door, would work. A
downspout nozzle will add a nice finishing touch to an
outlet. And a screen installed in the nozzle will prevent
birds from building their nests in the pipe.

There is no such thing as a “one fits all” recipe for any
plumbing installation. Read the Code, use common sense
and experience will come with years.

Alexander Schwarz, CIPE, works for vanZelm Heywood &
Shadford, Inc., and can be reached at Town Center, 29 South
Main St., West Hartford, CT 06107-2420, ph. (860) 521-4329,
fax (860) 521-5620, and e-mail ASchwarz@vanzelm.com.
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primary and secondary overflow system) has a total design
capacity in excess of the highest anticipated rainfall rate
within the lifetime of the building.

The key to a siphonic system, apart from the siphonic
drain, is the downpipe. Once the piping is filled with water,
the column of water in the downpipe wants to fall. The water
in the horizontal collector pipe is pulled to the downpipe to
replace this water. As a result, the water pressure in the hori-
zontal collector falls below atmospheric. Water on the roof is
literally sucked or siphoned into the connected drains.

If it happens to rain at a rate well below the design DRI,
the system simply acts like a traditional gravity system
with an air-water mixture at atmospheric pressure. The
drainage rate in the collector pipe, even when partially full
and with no pitch, is surprisingly good. Once the system is
fully primed, there is an abrupt increase in system veloci-
ties that serve to clean the system of any debris that may
have been ingested.

Siphonic drainage flow patterns are a subject of much
intensive research. This author had the opportunity to
observe the largest test rig in the world at the University of
Sheffield in the United Kingdom. Clear sections of piping in
the system allow visual observation of the flow patterns.

The Benefits

Siphonic systems are ideal for low-rise buildings with a
vast footprint. Such buildings include airport terminals, cov-
ered malls, office complexes, warehouses, aircraft hangers,
train stations, convention centers and factories. In these
buildings, several roof drains can be connected to a horizon-
tal collector that can be routed without pitch to the perime-
ter of the building,.

Since sub-atmospheric pressures generated at the top of
the downpipe induce water flow, there is no need to pitch
horizontal collector piping. In fact, this pipe can be installed
perfectly flat. The flows induced by water falling down the
downpipe allow the system to operate at flow velocities high-
er than can be achieved in atmospheric gravity systems. This
“full-bore” high velocity flow allows the engineer to specify
smaller pipe diameters than would have been prescribed by
plumbing codes for traditional gravity systems.

Because siphonic piping does not have to be pitched like
traditional open channel drainage, the piping system
requires no more space than other pressurized mechanical
piping systems. This makes it easier to provide adequate
drainage in buildings with challenging architectural limita-
tions with respect to space. Fewer downpipes means fewer
chances of interfering with architecture. Because locating
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Smgap_are, Kerea, Canada Memco, Russia and the Middle
East, just to name a few. One siphonic system is currenﬂj,‘r
under design, with authority approval, for a major project in
the United States. However, the general acceptance of this
system in America has been very slow. As it is now, any
siphonic system planned for a project in the United States
will require a special variance by the local or state plumbing
board of inspectors.

A siphonic roof drain system is truly an “engineered sys-
tem.” To design a traditional roof drain system by code,
plumbing engineers simply follow prescriptive instructions
in the code and read off of pre-calculated, standardized
charts. Siphonic systems must be designed with careful and
expert analysis otherwise unfamiliar to a majority of
plumbing engineers and designers. It also requires the
knowledge and understanding of rainfall patterns in the
project location.

Coordination between the siphonic system engineer,
structural engineer and architect is essential to ensure both
the roof strength and waterproofing can tolerate an amount
of ponding on the roof. This amount of ponding, however,
rarely has to exceed prescribed snow load common in north-
ern states. Siphonic systems, by the nature of their operation,
also require secondary overflow systems. However, such sys-
tems are currently required by most codes anyway.

The level of technical expertise required from both
plumbing engineers, plumbing contractors and local inspec-
tors may have been a disincentive in the use of siphonic sys-
tems in the past. All engineers, however, should keep abreast
of the latest technologies on the market to better service
their clients.

Final Thoughts

This article is intended to introduce only the fundamental
principles of siphonic roof drainage. The author does not
advise any plumbing engineer to attempt to design a siphon-
ic system without consulting an expert. There are many fac-
tors to take into consideration and the use of specialized
software is necessary for accurate analysis. Siphonic roof
drainage presents an interesting technical challenge for prac-
ticing plumbing engineers. Because these systems pose great
benefits that architects may want to utilize, plumbing engi-
neers are encouraged to embrace siphonic fundamentals. PVE

John Rattenbury is a senior corporate engineer at R.G. Van-
derweil Engineers in Boston and is a licensed professional engi-
neer in Massachusetts. He can be reached by phone at (617)
423-7423 or by e-mail to JRattenbury@Vanderweil.com.





