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KH IUHTXHQF\ RI WRUUHQWLDO
UDLQV LQ PXFK RI WKH 8QLWHG
6WDWHV KDV LQFUHDVHG GUDPDW
LFDOO\ VLQFH  DFFRUGLQJ
WR WKH 86 1DWLRQDO &OLPDWH
$VVHVVPHQW·V´&OLPDWH&KDQJH
,PSDFWV LQ WKH 8QLWHG 6WDWHVµ 7KH UHSRUW
ZKLFK ZDV SXEOLVKHG LQ 0D\  VWDWHV
that the proportion of precipitation that
LV IDOOLQJ LQ YHU\ KHDY\ UDLQ HYHQWV KDV
MXPSHGE\LQWKH1RUWKHDVWLQWKH
0LGZHVWDQGLQWKH6RXWK )LJXUH 
7KH LPSDFW RI DOO WKLV KHDY\ UDLQIDOO RQ
roofs can be and has been catastrophic,
HVSHFLDOO\ ZKHQ URRI GUDLQDJH V\VWHPV IDLO
´:H·YH EHHQ VHHLQJ PRUH URRI GUDLQDJH
IDLOXUHV VRPH RI ZKLFK KDYH OHG WR SLSLQJ
V\VWHPVEORZLQJDSDUWRUHYHQWRWRWDOURRI
FROODSVHVµ VDLG -XOLXV %DOODQFR 3( &3'
)$63( SUHVLGHQW RI -% (QJLQHHULQJ 
&RGH &RQVXOWLQJ RI 0XQVWHU ,QGLDQD DQG
D IRUPHU $PHULFDQ 6RFLHW\ RI 3OXPELQJ
(QJLQHHUV $63( SUHVLGHQW´,QIDFW,KDYH
UHFHQWO\ EHHQ LQYROYHG LQ LQYHVWLJDWLQJ 
URRI IDLOXUHV 7KLV LV XQXVXDO EHFDXVH LQ
WKHSDVWQRRQHZDVIRFXVHGRQURRIGUDLQ
SHUIRUPDQFHµ
'XH WR WKH QRWLFHDEOH LQFUHDVH LQ
URRI GUDLQDJH IDLOXUHV $63(·V 5HVHDUFK
)RXQGDWLRQGHFLGHGWRSHUIRUPVWRUPGUDLQ
DJHWHVWLQJ:LWKLQIXQGLQJ$63(
FRQGXFWHG D WZR\HDU VWXG\ IURP  WR
 )LJXUH   6RPH RI WKH SUHOLPLQDU\
WHVWLQJZDVGHVLJQHGWRHYDOXDWHGUDLQV
WRLQFKHVLQGLDPHWHUEXWWKHFRPPLWWHH
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ODWHU GHFLGHG WR IRFXV RQ GUDLQV ZLWK LQ ^WZ^h>d^zͳKWE/E'
or smaller diameters since that was the
7KHGUDLQVZHUHHDFKWHVWHGZLWKWKUHH
$PHULFDQ 6RFLHW\ RI 0HFKDQLFDO (QJLQHHUV GLIIHUHQWSLSLQJFRQÀJXUDWLRQV
$60( VWDQGDUGDQGVLQFHWKHVHVL]HVUHS
 $VDQRSHQKROHZLWKRXWDQ\SLSLQJ²
EDVLFDOO\MXVWDKROHLQWKHWHVW´URRIµ
UHVHQWWKHPDMRULW\RIWKHURRIGUDLQPDUNHW
,QWRWDOURRIGUDLQVIURPWRLQFKHVLQ
assembly
GLDPHWHUZHUHWHVWHGDQGHYDOXDWHG

)LJXUH²0DSVKRZVSHUFHQWDJHLQFUHDVHVLQWKHDPRXQWRISUHFLSLWDWLRQIDOOLQJLQYHU\
KHDY\HYHQWV GHÀQHGDVWKHKHDYLHVWRIDOOGDLO\HYHQWV IURPWRIRUHDFK
UHJLRQRIWKHFRQWLQHQWDO86UHVXOWLQJLQDQLQFUHDVHGQXPEHURIPLFUREXUVWUDLQVWRUPV
ZLWKDVLJQLÀFDQWDPRXQWRIUDLQLQDVKRUWSHULRGRIWLPH6RXUFH861DWLRQDO&OLPDWH
$VVHVVPHQW·V´&OLPDWH&KDQJH,PSDFWVLQWKH8QLWHG6WDWHVµSXEOLVKHGLQ
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 :LWKDVWUDLJKWYHUWLFDOVHFWLRQRISLSHGLUHFWHGLQWRWKHUHVHUYRLU
 :LWK RIIVHW SLSLQJ LQFOXGLQJ ERWK YHUWLFDO DQG KRUL]RQWDO SLSHV WKDW
HQGHGZLWKDYHUWLFDOSLSHOHDGLQJWRWKHUHVHUYRLU

)LJXUH²7RYLHZWKHFRPSOHWHUHSRUWRQWKHH\HRSHQLQJ
WHVWLQJSHUIRUPHGE\WKH$PHULFDQ6RFLHW\RI3OXPELQJ
(QJLQHHUV·5HVHDUFK)RXQGDWLRQJRWRKWWSVDVSHRUJ
VLWHVGHIDXOWÀOHVZHEIPSGIVUIBUHSRUWBURRIBGUDLQSGI
)LJXUH²$VUHIHUHQFHGLQWKH,QWHUQDWLRQDO
3OXPELQJ&RGH6HFWLRQ6L]HRI6WRUP'UDLQ
3LSLQJ9HUWLFDODQGKRUL]RQWDOVWRUPGUDLQSLSLQJ
VKDOOEHVL]HGEDVHGRQWKHÁRZUDWHWKURXJKWKH
URRIGUDLQ7KHÁRZUDWHLQVWRUPGUDLQSLSLQJVKDOO
QRWH[FHHGWKDWVSHFLÀHGLQ7DEOH
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)URPWKHRXWVHWLWZDVH[SHFWHGWKDWWKH´RSHQKROHµFRQÀJXUDWLRQZRXOG
DOORZWKHJUHDWHVWYROXPHRIZDWHUÁRZEXWLQIDFWWKHRSSRVLWHZDVIRXQGWR
EHWUXH7KH´RSHQKROHµGUDLQFRQÀJXUDWLRQVDFWXDOO\KDGWKHORZHVWÁRZUDWHV
DQGWKHGUDLQVZLWKVWUDLJKWYHUWLFDOSLSLQJKDGWKHKLJKHVWÁRZUDWHV,QIDFW
VRPHRIWKHWHVWHGGUDLQVZLWKVWUDLJKWYHUWLFDOSLSLQJKDGÁRZUDWHVWKDWZHUHXS
WRJUHDWHUWKDQWKHÁRZUDWHVRIWKHVDPHGUDLQVZLWKRXWDQ\SLSLQJ
$QRWKHUVXUSULVLQJUHVXOWZDVKRZTXLFNO\WKHDFWXDOZDWHUÁRZUDWHH[FHHGHG
the capacity of the
H[LVWLQJ SOXPELQJ
V\VWHP 2QH LQFK
of ponding water
DERYH D  RU LQ
GUDLQHDVLO\H[FHHG
HG WKH ÁRZ FDSDFL
W\ RI WKH SOXPELQJ
V\VWHP7ZRLQFKHV
of ponding water
DERYH D LQ GUDLQ
created the same
SUREOHP DV GLG 
LQRISRQGLQJZDWHU
DERYHDLQGUDLQ
7KH FRQFOX
sion that is drawn
from this research
is that many roof
drains on the mar
NHWWRGD\DOORZWRR
PXFK ZDWHU LQWR
the roof drainage
SOXPELQJ V\VWHP
WRRTXLFNO\

)LJXUH²7KLVLPDJHRIDURRIGUDLQZLWKLQDGUDLQÁRZWHVWULJFOHDUO\VKRZVWKHYRUWH[IXOO\IRUPHG
ZKLFKFDQVLJQLÀFDQWO\VORZWKHVSHHGRIZDWHUÁRZLQJWKURXJKDGUDLQÀ[WXUH
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Perhaps even more eye-opening
is the fact that the flow rate of
different drains varied considerably, even among drains of the
same size. In some instances, for
example, the flow rate for one manufacturer’s 4-in. drain provides
three or more times the flow rate of
another manufacturer’s 4-in. drain
with the same amount of ponding
water. The results of the study
highlight the major pitfall of current
roof drain standards. Simply
stated, these codeapproved standards do not have a requirement for
flow rate performance testing and
reporting.
The results of the ASPE testing
are startling, to say the least. “All
the drains were flowing considerably more water than we expected
when there were excessive amounts
of water on the roof. This can easily
lead to situations where you have
pressurized flow, plumbing system
ruptures, and broken pipes, which
was a shock,” Ballanco remarked.
“The other shocker was that there
was no consistency in the actual
flow rates of the various roof drains.
While they all complied with the existing plumbing standards, the flow
rates varied greatly, even though
the drains were the same size.”
WHAT’S GOING ON?
According to the ASPE Research
Foundation’s engineering analysis
of the study, several of the basic assumptions were proven false. First,
the sizing method in the plumbing
code relies on consistentwater flow
through the roof drains. The assumption is that as water reaches
the roof drain, it will proceed down
the drainpipe at a consistent rate.
What happens, in reality, is that as
water proceeds down the drain, it
frequently forms a vortex by traveling around the inside of the pipe
rather than straight down the pipe.
This actually slows the flow rate, allowing water to back up or pond on
the roof until the vortex collapses,
resulting in a gush of water that
completely fills the drainpipe and
can pressurize the system.

Another hypothesis of the study
was that roof drains will not overload the maximum capacity of the
drainpipe. However, it was discovered that unless the water flow
rate is controlled, the actual rate is
based on the head height of the
ponding above the drain. The ponding is determined by the slope of
the roof, the position of the roof
drain, and the amount of rainfall.
THE IMPORTANCE OF FLOW RATES
As a result of this study, the International Plumbing Code (IPC) in
2015 (Figure 3) will require that
manufacturers publish flow rates
for roof drains.
“I know many drain manufacturers see this as a burden, but I know
of one company that has known
and been very forthcoming with
this information for years, so we
know it can be done,” Ballanco explained.
Why is flow rate so important?
If the flow rate is too low, more
water remains on the roof, adding
five pounds per square foot per
inch to the weight of the roof and
potentially overtaxing the building’s
structural live-load capacity. If the
flow rate is too high, then too much
water can enter the building’s
plumbing system, pressurizing the
flow, which acts as a massive
weight and can result in bursting
pipes.
“We now know that some drains
actually worked too well, allowing
too much water into the plumbing
system too fast and overloading
the piping system,” Ballanco said.
“It is clear from the study that the
industry needs more control in the
roof drain.”
One new drain with which Ballanco has been very impressed is
one that features a vortex breaker
at the top of the drain to control the
flow rate. To explain, as water approaches the roof drain, a vortex
forms (Figure 4), which slows down
the flow into the piping system.
This causes the head height of
water to increase as water is
waiting to drain (Figures 5 and6).

As the head height reaches a certain
level, the centrifugal force of the approaching water overcomes the vortex, causing it to collapse. When the
vortex collapses, a short duration of
full-bore or pressurized flow happens. This causes the head height to
drop and will cycle in this manner
until the flow rate to the drain slows
down. The three fins on the vortex
breaker prevent the water from
forming a vortex as it goes down the
drain, allowing the water to go
straight down with the force of gravity and avoiding a pressurized flow.
“It’s a very clever design,” Ballanco
remarked.
In addition to its unique design,
one benefit of this drain is the simplicity of installation. “It eliminates
the need for a plumber to repipe the
system and allows the roofing contractor to simply secure it in place
from the rooftop,” said Ballanco.
ADDRESSING THE PROBLEM
As a result of its testing, ASPE
recommends that a new method be
used for sizing storm drainage systems. This method “must be based
on the capacity of the roof drain, the
maximum amount of ponding
under various storm conditions at
the roof drain, and the maximum
capacity of the piping system,” the
ASPE report states. (See Figure 7.)
Once the engineering and roof
ing communities know what the
flow rate is for the drains and how
to properly size the roof drainage
system, the installer has three options for bringing existing drainage
systems up to code:

)LJXUH²7KHYDOXHVLQWKLVWDEOHZHUHWDNHQIURPWKH
,3&

)LJXUH²7KLV
LPDJHRIDURRI
drain within a
GUDLQÁRZWHVW
ULJGHSLFWVWKH
SRWHQWLDOGDQJHURI
WKHÁRZGHOD\HG
E\DYRUWH[
ZKHQVXEMHFWHG
WRWKHPD[LPXP
ÁRZFDSDFLW\RI
the storm drain
SLSLQJ7KHKHDG
KHLJKWRIZDWHU
FRQWLQXHGWRJURZ
and the test was
VWRSSHG

)LJXUH²$SDWHQWHGURRIGUDLQIHDWXULQJDYRUWH[EUHDNHUZLWKLQDGUDLQÁRZWHVWULJEUHDNVWKHYRUWH[DQGÁRZVWR
WKHPD[LPXPFDSDFLW\RIWKHVWRUPGUDLQSLSLQJZKLOHPDLQWDLQLQJDFRQVLVWHQWKHDGRIZDWHU$YLGHRRIWKHWHVWFDQ
EHVHHQDWZZZRPJURRÀQJFRPURRIGUDLQVDQGYHQWV5HG/LQH$)5KWPO
 Rework the drains.7KHURRIHUFRXOG
UHZRUNWKHGUDLQWRPHHWFRGHZKLFK
PD\ LQFOXGH FOHDQLQJ XS WKH GUDLQ
UHSODFLQJEURNHQEROWVDQGUHSDLQW
LQJ WKH GUDLQ $ ÁRZ UHVWULFWRU PD\
EH UHTXLUHG RU DGGLWLRQDO GUDLQV
PD\ KDYH WR EH LQVWDOOHG WR UHGXFH
WKH DPRXQW RI ZDWHU WKURXJK HDFK
GUDLQWKXVUHGXFLQJWKHDPRXQWRI
ZDWHUWKURXJKWKHH[LVWLQJSLSHOLQHV
$ VWUXFWXUDO HQJLQHHULQJ DQDO\VLV
PD\ DOVR QHHG WR EH FRQGXFWHG WR
FRQÀUPWKDWWKHVWUXFWXUHFDQKROG
DQ\SRWHQWLDODGGHGZDWHUZHLJKW
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 Replace the drains. 7KH H[LVWLQJ
GUDLQV FRXOG EH UHSODFHG ZLWK QHZ
GUDLQV ZLWK WKH GHVLUHG ÁRZ UDWH
ZKLFK PRVW OLNHO\ ZRXOG LQYROYH
XVLQJ D SOXPEHU WR FRQQHFW WKH
GUDLQVWRWKHH[LVWLQJSOXPELQJ7KLV
option tends to be the most costly
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DQGGLVUXSWLYHWRWKHEXLOGLQJ·VRFFX
SDQWVDVDFFHVVWRWKHXQGHUVLGHRI
WKHURRIGHFNLQJLVUHTXLUHG
 Use drains that meet the code and
standard. 'UDLQV ZLWK D PHFKDQL
FDO ZDWHUWLJKW VHDO WR KHOS SUHYHQW
OHDNVIURPEDFNÁRZSUHVVXUH PHHW
LQJ$16,635,5' FDQVLPSO\EH
LQVHUWHG LQWR WKH H[LVWLQJ SOXPE
LQJ DQG KDQGWLJKWHQHG LQ SODFH $
mechanical, watertight seal creates
a symmetrical, watertight connec
WLRQ DQG SUHYHQWV RYHUWLJKWHQLQJ
RU XQGHUWLJKWHQLQJ GXULQJ LQVWDO
ODWLRQ 7\SLFDOO\ WKHVH LQFOXGH QHZ
FODPSLQJ ULQJV DQG VWUDLQHU GRPHV
%HFDXVH RI WKH QDWXUH RI DQ LQVHUW
GUDLQXVHRIDYRUWH[EUHDNHUDLGVLQ
LQFUHDVLQJÁRZSHUIRUPDQFHLQRUGHU
WR PHHW WKH ÁRZ UDWH FRGH 6XFK
GUDLQVFDQEHLQVWDOOHGLQÀYHRU
PLQXWHV
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RETHINKING ROOF DRAINS
7KH FRQYHQWLRQDO WKLQNLQJ DERXW URRI
GUDLQV ZDV WR UHPRYH DV PXFK ZDWHU DV
TXLFNO\ DV SRVVLEOH IURP WKH URRI 5HFHQW
URRI GUDLQDJH IDLOXUHV DQG WHVWLQJ E\ WKH
$63(KDYHVKRZQWKDWWKHUHDOJRDOVKRXOG
EH WR JHW WKH ZDWHU RII DV TXLFNO\ DV WKH
H[LVWLQJSOXPELQJV\VWHPFDQKDQGOHZLWK
RXW H[FHHGLQJ WKH OLYHORDG FDSDFLW\ RI WKH
URRIVWUXFWXUHDQGWKHPD[LPXPDOORZDEOH
ÁRZUDWHRIWKHSLSLQJV\VWHP7KLVLVJRLQJ
WREHLQFUHDVLQJO\LPSRUWDQWDVPLFUREXUVWV
DQG KHDY\ UDLQIDOOV SXW ODUJH DPRXQWV RI
UDLQ RQ WKH URRI LQ YHU\ VKRUW SHULRGV RI
WLPH
'UDLQVWKDWDUHHDV\WRLQVWDOOWKDWFDQ
EHXVHGZLWKH[LVWLQJGUDLQVDQGWKDWDOORZ
DQG FRQWURO PD[LPXP DOORZDEOH ÁRZ ZLOO
EH LQ GHPDQG RIIHULQJ D YLDEOH DQG LQH[
SHQVLYH VROXWLRQ WR WKHVH QHZO\ GLVFRYHUHG
SUREOHPV

Dan Genovese, a
SURGXFW PDQDJHU
IRU 20* 5RRÀQJ
3URGXFWV LQ $JD
ZDP 0$ RYHUsees its OlyFlow®
OLQH RI URRI GUDLQV
Genovese
has
EHHQ ZLWK 20*
IRU  \HDUV +H
is a member of
ĂŶ'ĞŶŽǀĞƐĞ
ASPE and the
,QWHUQDWLRQDO $VVRFLDWLRQ RI 3OXPELQJ DQG
0HFKDQLFDO 2IÀFLDOV DQG ZRUNHG DORQJVLGH
635,·V5HWURÀW'UDLQ7DVN)RUFHWRGHYHORS
WKH ÀUVW QDWLRQDO VWDQGDUG IRU UHWURÀW URRI
GUDLQV $16,635,5' +HZDVUHVSRQVLEOHIRUODXQFKLQJWKH20*5RRÀQJ3URGXFWV
'LVWDQW /HDUQLQJ DQG :HELQDU SURJUDP
ZKLFK DZDUGV 5&, FRQWLQXLQJ HGXFDWLRQ
FUHGLWV*HQRYHVHDOVROHGWKHGHYHORSPHQW
RIWKH20*5HG/LQH$)55RRI'UDLQ
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