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Roof Drainage Design:

Pitfalls fo Avoid and Reftrofit Options
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Why don’t we want standing
water on the roof?

Water roof in Apeldoorn, Netherlands

BUILDING || SCIENCE || CONSULTING



Why don’t we want standing
N S A water on the roof?

» Risk of leaks or catastrophic leaks

* Overloading structure
» Deck deflection or collapse

* |ce and slippery surfaces
* Unwanted birds, feces, and drain plugging debris

* Disease/Infection

« Legionnaires’disease
« West Nile
* Mould spores
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Roof Drainage Design:
Pitfalls to Avoid and Refrofit Options

 Water Concerns on Low Sloped Roofs

* Proactive Roof Drainage Considerations
« Common Pittalls

» Retrofit Opftions

» Case Studies
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Roof Deterioration

* Risk of leaks
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Roof Deterioration

* Risk of leaks
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Roof Deterioration

» or catastrophic leaks
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Roof Deterioration

» or catastrophic leaks
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Overloading structure

 Deck deflection
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Overloading structure

» Deck collapse
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lce and Slippery Surfaces
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Unwanted drain plugging
debris

« Unwanted birds, feces, and drain plugging debris
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Disease

* Legionnaires disease
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Disease

« West Nile
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Disease

* Mould spores
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Proactive Roof Drainage

Considerations
» Design/build drainage system to code — NPC

» Check design loads

» Understand drainage anatomy
» Provide redundant drains

* Evenly locate drains

* Provide overflow drains

» Provide adequate slope to drain
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Proactive Roof Drainage

Considerations
» Design/build drainage system to code — NPC

2.4.10.4. Hydraulic Loads from Roofs or Paved Surfaces

1) Except as provided in Sentence (2), the hydraulic load in litres from a roof
or paved surface is the maximum 15 min rainfall determined in conformance with
Subsection 1.1.3. of Division B of the NBC, multiplied by the sum of

a) the area in square metres of the horizontal projection of the surface drained,

and

b) one-half the area in square metres of the largest adjoining vertical surface.
(See Note A-2.4.10.4.(1).)

2) Flow control roof drains may be installed, provided
a) the maximum drain down time does not exceed 24 h,
b} the roof structure is designed to carry the load of the stored water,
c} one or more scuppers are installed not more than 30 m apart along the
perimeter of the building so that
1) up te 200% of the 15-minute rainfall intensity can be
handled, and
i) the maximum depth of controlled water is limited to
150 mm,
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Proactive Roof Drainage

Considerations
» Design/build drainage system to code — NPC

2.4.10.4. Hydraulic Loads from Roofs or Paved Surfaces
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Proactive Roof Drainage

Considerations
» Design/build drainage system to code — NPC

Table 2.4.10.11. Table 2.4.10.10,
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Design/build drainage system
to code —= NPC

e 610mM? Roof
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Proactive Roof Drainage
Considerations
* Check design loads

36m
=~

162 m?
area of horizontal

230.4 sz —py<«— Qgutter
3 A projection surface
area of roof . 18 x 9 = 162 m? .ﬁ
18 = 198 m*®
11x m O
1/2 area of largest =

1in 200
«— gutter <— |eader 1 <«—— |eader 2
adjacent vertical surface
1/2x36x18=324m?
area drained b'y RD # leader
198 + 32.4 = 2304 m? 5%
1 storm building drain, storm building sewer,
EGONIE2A 1 in 100

1in 100
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e 610mM?2 Roof

- 18m2 Largest Adj. Walll CheCk De$ign I.OCIdS

e Total Area
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Proactive Roof Drainage
Considerations

» Understand drainage anatomy
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Understand Drainage Anatomy
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Understand Drainage Anatomy
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Understand Drainage Anatomy
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Proactive Roof Drainage
Considerations
- Provide redundant drains &7 A ™
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Proactive Roof Drainage
Considerations

* Evenly locate drains
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Proachve Roof Drainage

1 Considerations
* Provide overflow I
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drains 2
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Scupper Drains
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Scupper Drains

SCUPPERS

COLLECTOR
BOX'WITH
SCUPPER—A

THROUGH WALL
OVERFLOW SCUPPER

SCUPPER
DRAIN BOX

SCUPPER
(CLOSED TOP WITH CLEANOUT)

DRAIN BOX
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Proactive Roof Drainage
Considerations

* Provide adequate
slope to drain

» Slope structural deck

BUILDING || SCIENCE || CONSULTING



Proactive Roof Drainage
Considerations

B -

* Provide adequate
slope to drain

» Slope concrete or
Concrete topping
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Proactive Roof Drainage
Considerations

I %

- Provide adequate &7 | -
slope to drain

 Full Tapered
Insulation
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Proactive Roof Drainage
Considerations

a

* Provide adequate g
slope to drain

» Tapered insulation
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Proactive Roof Drainage
Considerations

* Provide adeqguate
slope to drain

e Crickets
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Proactive Roof Drainage

- Provide adequate & ‘ :
slope fo drain &

. Localized tapered .
Insulafion
* Fit low curbs
« 20-30% savings
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Common Pitfalls

» Drains located at high points

» Deck deflection

» Rooffop equipment blocking drainage path
» Blocked drains

 Mechanically impeded plumbing
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Common Pitfalls

* Drains located at high poinfs |
- - > *"‘W:!;a-“;v -

v

Slope Required
to Drain
Level Line s
L X ‘__.f

—
—_——
— —
= — —

Foof Drain
2,5" Deflection from
Foirt of Roof Required Slope Poirt of Roof
Ceck Suppart Deck Support

Exarmple Span of 20'

Drain at Location of Minirnum Deflection and
Maxirnurn Carnber May not Efficiently Drain

the Roof Under Minimurn Loading Conditions Crain
Located

|-

Here Aids

T —
i Level Line \_

Carnber

Poirt of Roof

Deck Support Paoird of RDD‘F+

Deck Support
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Common Pitfalls

 Deck deflection
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Common Pitfalls

» Rooftop equipment
blocking drainage path
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Common Pitfalls

* Blocked drains
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Common Pitfalls

 Mechanically impeded plumbing

BUILDING || SCIENCE || CONSULTING



Retrofit Option

* Maintain drains and keep clear

* Prevent/Remove mechanical obstructions
» Relocate drains

» Add drains or scuppers

« Add sloped Iinfill
» Infegrated during construction
« Surface reftrofit

 Mechanical Pump Drains (AC/Solar DC/Siphon)
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Retrofit Option

* Maintain drains and
keep clear
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Retrofit Option

* Prevent/Remove mechanical obstructions
* Avoid internal drain fitfings
» Provide proper drain screens and ballast guards where required

« DON'T REMOVE
FLOW CONTROL DEVICES
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Retrofit Option

e« Relocate drains
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Retrofit Option

« Add drains or scuppers
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Retrofit Option

« Add sloped infill

 Infegrated during construction
 Surface retrofit
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Retrofit Option

» Tapered Materials Integrated during construction
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Retrofit Option

e Surface retrofit with material infill
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Retrofit Option

e Surface retrofit with material infill
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Retrofit Option

e Mechmcol Pump Drains (AC/Solar DC/Siphon)
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Case Study 1:

Existing Conventional Built-up Roof
« Secondary School
« 2-stories
» Autoclave Aerated Concrete (Siporex) structure
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Case Study 1:

Existing Conventional Built-up Roof
« Secondary School
« 2-stories
» Autoclave Aerated Concrete (Siporex) structure
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Case Study 1:

Existing Conventional Built-up Roof
« Roof reaching end of serviceable lite
» Siporex deflection mid-span over clossrqoms
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Case Study 1:

Existing Conventional Built-up Roof

 Original Roof Assembly (top down):
« Pea Gravel Surfacing;

 Built-up Felt and Asphalt Roof;

« Semi-Rigid Fibreglass Insulafion;

* Felt and Asphalt Vapour Retarder; and
 Siporex Deck
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Case Study 1:

Existing Conventional Built-up Roof

* New Roof Assembly (top down):
« Pea Gravel Surfacing;

Built-up Felt and Asphalt Roof; > .
Fibreboard Insulatfion; 1 | G .
Rigid Polyisocyanurate (Foam) Insulation; | ' f

Felt and Asphalt Vapour Retarder; and
Siporex Deck
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Case Study 1:

Existing Conventional Built-Up Roof

Pea Gravel Surfacing Pea Gravel Surfacing No Change

Built-up Felt and Built-up Felt and No Change
Asphalt Roof; Asphalt Roof;

Fibreboard Insulation;  Solid substrate
Semi-Rigid Fibreglass Rigid Polyisocyanurate Less acoustic

Insulation; (foam plastic) properties, with higher
Insulation; thermal value

Felt & Asphalt VB Felt & Asphalt VB No Change

Siporex Deck Siporex Deck No Change
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Case Study 1:

Existing Conventional Built-up Roof
- Design approach: R
» Localized tapered insulation

 Double flood coat and
gravel where required
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Case Study 1:

Existing Conventional Built-up Roof
» Localized tapered insulation
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Case Study 1:

Existing Conventional Built-up Roof
» Double flood coat and gravel where required
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Case Study 1:

Existing Conventional Built-Up Roof
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Case Study 2:

Existing Conventional Modified Bitumen
» Residential Condominium *-

« 2-stories
 Wood structure
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Case Study 2:

Existing Conventional Modified Bitumen
o |Ssue: lce quakes

« Cause: Excessive ponding freezing and shifting
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Case Study 2:

Existing Conventional Modified Bitumen
* Always been drainage Issues.
* Why ice quakes after roof replacement?

- -
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Case Study 2:

Existing Conventional Modified Bitumen

 Original Roof Assembly (top down):
« Pea Gravel Surfacing;
 Built-up Felt and Asphalt Roof;
 Fibreboard Insulation;

« Semi-Rigid Fibreglass Insulation;
« Kraft Vapour Retarder; and

« Wood Deck
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Case Study 2:

Existing Conventional Modified Bitumen

 New Roof Assembly (top down):

« Granular surfaced modified bitumen roof membrane;
« Asphalt core cover board;

 Rigid Polyisocyanurate (foam) Insulation;
« Kraft Vapour Retarder; and

« Wood Deck
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Case Study 2:

Existing Conventional Modified Bitumen

Pea Gravel Surfacing  Granular Surfacing Thinner and lighter

Built-up Felt and Modified bitumen roof Thinner and lighter

Asphalt Roof; membrane

Fibreboard Insulation  Asphalt core cover Thinner and denser
board

Semi-Rigid Fibreglass Rigid Polyisocyanurate Less acoustic

Insulation; (foam plastic) properties
Insulation

Kraft Vapour Retarder Kraft Vapour Retarder No Change
Wood Deck Wood Deck No Change
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Case Study 2:

Existing Conventional Modified Bitumen

MISSING
CHIMNEY
CAP

« Solutions:

» Full tapered
Reftrofit fill
New internal drains

MOISTURE
ANOMALY

PONDING
WATER
(TYPICAL)

MOISTURE
ANOMALY

Localized tapered insulation
New scupper drains

MOISTURE
ANOMALY

MB RIDGE
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Case Study 2:

Existing Conventional Modified Bitumen

« Approved strategy to control ponding water:
» Localized tapered insulation g -
 New scupper drains
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Case Study 2:

Existing Conventional Modified Bitumen
» Qversized sumps around existing drains
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Case Study 2:

Existing Conventional Modified Bitumen
» Add scuppers with oversized sumps
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Case Study 2:

Existing Conventional Modified Bitumen
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Case Study 2b:

Second Phase — Replace Built-Up Roof with
Hybrid BUR/MB

» Full replacement drainage design included:

» Infill areas of deflected deck CoReboN % sor ] | Fsnesono a7 2% siore
» Add over sized drain sumps el G

» Provide tapered backslope around — J

the roof perimeter (and increase :%‘iﬂ I% o %"’ :

at end units) ., . | BS. S

« Double pour asphalt and gravel A S |

at low areas (& NCREASE OVER 8) |

TAPERED FIBREBOARD
AT 1% SLOPE OVER 4800mm
(27 INCREASE OVER 16")
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Case Study 2b:

Second Phase — Replace Built-Up Roof with
Hybrid BUR/MB
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Case Study 2b:

Second Phase — Replace Built-Up Roof with
: honi Hybrid BUR/MB
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Case Study 3:

Existing Conventional Built-up Roof
» Residential Condominium
« 2-stories
 Wood structure
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Case Study 3:

Existing Conventional Built-Up Roof
« Reaching end of serviceable life

* Previous phase of roofs changed the built-up roofs to
modified bitumen

« Similar to Case Study 2, the modified bitumen roofs had ponding
and reports of ice quakes
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Case Study 3:

Existing Conventional Built-Up Roof
* Always been drainage Issues.
* Previous modified bitumen replacement did not address
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Case Study 3:

Existing Conventional Built-Up Roof

 Original Roof Assembly (top down):

 Pea Gravel Surfacing;

 Built-up Felt and Asphalt Roof;

 Fibreboard Insulation;

 Rigid Polyisocyanurate (Foam) Insulation; \
. Kraft Vapour Retarder; and
« Wood Deck
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Case Study 3:

New Conventional Hybrid Built-Up MB Roof

 New Roof Assembly (top down):

« Pea Gravel Surfacing;
Modified Bitumen Membrane and Asphalt;
Fibreboard Insulation;
Rigid Polyisocyanurate (Foam) Insulation;
Kraft Vapour Retarder; and i
Wood Deck
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Case Study 3:

Existing Conventional Built-up Roof

Pea Gravel Surfacing Pea Gravel Surfacing No Change

Built-up Felt and Modified bitumen roof Thinner and lighter
Asphalt Roof; membrane

Fibreboard Insulation  Fibreboard Insulation  No Change

Rigid Polyisocyanurate Rigid Polyisocyanurate No Change
(foam plastic) (foam plastic)
Insulation Insulation

Kraft Vapour Retarder Kraft Vapour Retarder No Change
Wood Deck Wood Deck No Change
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Case Study 3:

Existing Conventional Built-Up Roof

» Design Approach:
* Infill iInsulation at deflected deck
« Approaching full tapered insulation |
» Flood coat and gravel double pours e 5 — |

—_-I. !.- _-I - lj_ 1 ‘_
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Case Study 3:

Existing Conventional Built-Up Roof

» Design Approach:
 Infill insulation at deflected deck

BUILDING || SCIENCE || CONSULTING



Case Study 3:

Existing Conventional Built-Up Roof

» Design Approach:
» Tapered insulation
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Case Study 3:

Existing Conventional Built-Up Roof

» Design Approach:
* Flood coat and gravel double pours
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Case Study 3a:

Existing Conventional Modified Bitumen Roof
* Poor approach to drainage
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Case Study 3a:

Existing Conventional Modified Bitumen Roof

» Retfrofit Approach:
* Flood coat and gravel double pours
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Case Study 3/3a:

Existing Conventional Modified Bitumen
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Closing

When iIs the water too much@e

« Standing water remains 48-hours after rain during weather
conducive to drying.

» Water depth exceeding flashing heights.

« Water pressure causing leaks due to increased hydrostatic
pressure.
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Closing

Best fo design new roofs to slope to drain.
 Slope structure
* Provide adequate drain sizing and locations
« Add sloped infill where required during roofing
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Closing

Control existing ponding water
» Add or relocate drains where possible
» Add localized top fill
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Roof Drainage Design:
Pitfalls to Avoid and Refrofit Options
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Thank You

W. Allen Partners Inc.
WWw.wapeng.ca
Allen Lyte, Principal
alyte@wapeng.ca
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