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Modern “High Performance” Roofs

 What are high performance roofs?
— They don’t leak
— Enable buildings with low operational energy
— Provide comfort & safety
— Ensure good Indoor Air Quality
— Last a long time (economy, sustainability)



How to achieve

Don’t leak

— No holes

Insulation
— Easy. Continuous ASHRAE 90.1, says R30 plus

Airtightness

— Provide an air barrier! A focus of this seminar.
Durability

— Material selection and system design



Roof Enclosures ... .
They put up with a lot.
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Adapted from Baker, M.; Roofs, 1980;
Courtesy National Research Council of Canada




The classic “Perfect” Enclosure

Finish =
1. Water control layer =
2. Aircontrol layer
3 Thermal control = -
4 Vapor control layer
Support = >
Finish >
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The “Perfect” Roof?:
Protected Membrane Roof
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Some owners insist on it. Eg. US Federal
Government (GSA)

«  Ballast

< Filter fabric
< Control layers

< Roof structure



Details matter to get full durability
Experience has taught us....

Ballast (rock, pavers, earth)

Filter fabric

Extruded polystyrene
insulation

W S 22 050

- Planar roof structure sloped
at min. 2% toward drains

p Drainage gap, i.e., drainage mat
or grooved insulation

Fully-adhered roof membrane

From: Straube, J.F. High-Performance

Building Sciencelabs .com Enclosures, Building Science Press 2012.
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* Pros:

— Preferred approach

— Exterior insulation
eliminates thermal

bridges
— Protects membrane
* Cons:
— Added weight of ballast /et neredeorsysem
is major limitation ballast contrl fabric
— Can only use XPS redaten

Buildi i L
uilding Science Labs Enclosures No.9 /



Exposed membranes

e Most common solution

* Pros:
— Lightest weight
— Wide variety of
insulation and
membranes
Exposed Membrane Roof
* CO n S : Kp water resistant membrane
— Exposed membrane! mEETTN N\
. / AN /
— Need separate air and ,f'_"'_'ﬂlﬂ'_"'_“L"_"_'."‘ﬂ'!'_"'_"_"l!
I .'#-rh'.'.p.".'p'ri .'.v."'."ﬁ'rl'
vapor barrier /‘ e R e /
me m b ra n eS / vapour barrier (opl.) —"ﬁ f'rf !

structural deck

Building Science Labs Enclosures  No. 10 /






It’s a roof, not a ice rink
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“Money spent on roof slope is one of the best
bargains in the construction business”
Wayne Tobiasson, US Army CRRL

e o

Building Science — Roofs 13



Slope

2% is a good design value for slope
Laps still resist drainage a bit

Account for roof sags: long span steel often
sags more than slope

Be careful of roof drains at columns



Fully-adhered membrane (Water control)

Coverboard

Two layers of rigid insulation
(Joints staggered and offset)
(Thermal control)

Slope to drain
min. 2%
e

Vapor Control:
Fully-adhered membrane air barrier What is the permeance of the
insulation?
Self-Drying roof?
Construction Moisture?

Roof deck sheathing

Fluted metal deck (Support)




Vapor Control

Vapor barriers do not need to be supported
against wind or be perfectly continuous

Polyiso insulation usually has low enough
permeance to manage vapor diffusion

Stonewool insulation usually needs

additional vapor contro

Very low permeance va

oor barrier at deck

will often trap water in roof assembly



Durability & Membranes

* What causes most materials to fail?
— Heat
— Moisture (corrosion, biological, etc.)
— Ultra-violet radiation
— Others, oxygen, ozone, specialty chemicals, etc.

e (Classification of materials
— Polymer

— Mineral
— Metals



Exposed Membrane Selection

Material? Asphalt, TPO, EPDM, PVC, etc.
Single-ply vs Multi-ply?
Factory made or site made?

Polymer durability limited by high
temperature and UV exposure



Best UV Protection: rocks

* But, you need to hold down to resist wind

Gravel protective
cover

Top pour

Felt ply
Interply layers
Adhering layer

A A “traditional” roof - A

Deck, insulation
or cover board

From Baker, M.; Roofs, 1980



Roof membrane
UV protected by rocks and
* kept cool by white ....
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White roofs

Lower heat gain: great!

Reduce stress on exposed roof membranes
But: Reduces drying out of roof

Thus: Require better moisture control!

— Air barrier

— Construction moisture



White roofs: the coming storm

[ -\ | Wherei IS the alr barrler?




WESTERN STATES ROOFING CONTRACTORS ASSOCIATION
(WSRCA)
TECHNICAL BULLETIN No. 2014-L
Winter, 2014

To: Roofing Contractor Members, Design Professionals, and
Roofing Industry Members

From: WSRCA'’s Low-Slope Roofing Committee

Subject: Vapor Retarder Technical Information — “Vapor Retarders 201”
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More Reports of Condensation and Moisture Accumulation with Loose-laid and Mechanically-
attached, Light-colored Single-plies:

With the recent mass trend toward “cool roofs” and white- or light-colored single plies, even being
specified in predominately heating-climates', there are relatively new roof condensation problems being
reported. Wind-flutter and the pumping of internal building generated and/or occupancy generated
moisture, combined with night-time radiative cooling of the roof’s surface, are reported as causing frost
formation-related condensation and melting drip-back moisture problems, which are reportedly
contributing to moisture problems within some building types that lack roof vapor retarders, and/or proper
exterior wall vapor retarders. This relatively new issue or phenomenon is reportedly being discovered
more often with mechanically attached single plies, located on buildings that lack vapor retarders and are
situated in predominately winter-time heating climates.



Temperature (°C)

White Membranes stay cold

Black
/— Membrane

/ White Membrane

Qutside air

4 8 12 16 20 24

Hours of a winter day
From Baker, M.; Roofs, 1980

Temperature (°F)



ORNL: Rocks+White save Energy!

— Bare Black EPDM —— Under 10 |b/ft2 Stone Under 24 Ib/ft2 Stone
- Bare White TPO Under 17 Ib/ft? Stone —— Under Uncoated Paver
Under 21 |Ib/ft2 Coated Paver Under 16 Ib/ft2 Coated Paver
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Hours into 5/23/2006 Hours into 5/23/2006
Figure 10. Membrane temperatures and roof heat fluxes twenty-six months into experimental
program.

Heat Flux through Insulation [Btu/(h-ft?)]



Problems
No deck Air Barrier

+ No fully-adhered membrane

+ White Roof
= accumulation of moisture & failure

Membrane flutters
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Even fully-adhered can fail

Fully-adhered membrane

Slope to drain
min. 2%
-—._____+

Insulation

NS RN_F£ N_F

Fluted metal deck

Building Science

Enclosures No.30/




Low-level air barriers

* Roof membranes can be air barriers
* |n practise, a deck level air barrier is more
reliable, easier to control

— Other benefits include secondary roof during
construction and re-roofing



Fully-adhered membrane SOlutiOn

Coverboard

Two layers of rigid insulation
(Joints staggered and offset)

Slope to drain
min. 2%

Stonewool, polyiso, XPS, EPS \ ¥

Vapor Control:

What is the permeance of the
insulation?

Self-Drying roof?

Roof deck sheathing Construction Moisture?

Fully-adhered membrane air barrier

Fluted metal deck



High-performance, air and vapor barrier
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Photo courtesy of Garland Industries







Deck Cover Board

* Seal the joints, or cover the whole surface
to form an air barrier

* Note: Gypsum board is vapor permeable
L%‘lﬁ- ". .

;ﬁ\




Deck-level Air Barriers

e Stonewool hybrid roofs

* Low-cost: Seal joints of rigid polyiso,
mechanically attached, to form an air
barrier

e Use the deck-level polyiso
as vapor control

Drawing courtesy Roxul Inc.



Hybrid Roof

Fully-adhered membrane

Coverboard

Two layers of rigid insulation

(joints staggered and offset) Slope to drain

min. 2%
-—._.___+

Air barrier tape / mastic Rockwool

Polyiso

Fully-adhered membrane air barrier

Roof deck sheathing

Fluted metal deck
Building Science

Enclosures No.37/



Cheap Air Barrier: Sandwich taped/sealed membrane between two polyiso layer
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Photo courtesy: Andy Shapiro



Special Applications

Swimming pools

— Esp in cold climates

Freezer buildings

— Esp. in hot humid climates

Badly (normally) operated hospitals
MUST have a deck level air barrier

— Sealed at all edges, penetrations!



Details

¢ Pe n et ra t i O n S PREFINISHED METAL
a n d e d ge CONTINUOUS TERMINATION {
Of ro Of BAR WITH BEAD SEALANT —“&“&RR%H

. MODIFIED BASE AND CAP !
SHEET ALONG PERIMETER ———
e Continuous s
° CONTINUQUS CANT STRIP A
alr .
EXTEND BASESHEET 5

MINIMUM 150mm OVER 4

b a r ri e r INSULATION AS SHOWN P

PROVIDE LAPPED
BASESHEET ON TOP AS e ———_ ==
SHOWN SRR RSRE LA H KK, ~

FILL CAVITY WITH MINERAL
WOOL INSULATION

AN
LEw.LY)

PRESSURE TREATED - I |
PLYWOOD AND BLOCKING ;

A
6mm SUBSTRATE BOARD | /

|
AIR '| S—J 1
—\VARQUR-BARRIER - —




EXISTING ROOF PENETRATION

SEALANT

/\( METAL COLLAR
SEALANT
METAL COLLAR
| METAL FLASHING
FULLY-ADHERED PVC ROOF MEMBRANE,

SEAL TO SIDE OF EXISTING PENETRATION
EXTEND 8" ABOVE INSULATION COVER BOARD

%" INSULATION COVER BOARD

2 ROOF INSULATION, THICKNESS VARIES, SLOPE
ol .l J" PER FOOT TO ROOF DRAINS, 3" CONTINUOUS
Ll = INSULATION, (2) 1 %" LAYERS, JOINTS STAGGERED

ES

VAR

EXISTING METAL DECK

J" METAL DECK COVER BOARD

FULLY—-ADHERED AIR BARRIER MEMBRANE,
SEAL TO SIDE OF EXISTING PENETRATION,
EXTEND 2" ABOVE INSULATION COVER BOARD




Parapets

Venting protective
N\ cover

\ Thermal control

’ M layer

\

Structure

Air control layer, vapor
control layer and draining
membrane

Rain screen

Thermal control

—— Air control layer, vapor
layer

control layer and water
control layer

—— Structure

WA

From: Straube, J.F. High-Performance Enclosures,
Building Science Press. 2012.
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Parapets

e Common
failure location

e Usually wrap
roof membrane
over

Building Science




Parapet flashing

Fully-adhered water
control membrane

Grout and reinforce
parapet CMU as per
structural requirements

P
-
v

Cant

Perimeter of roof insulation wrapped in air barrier
to block airflow from roof to parapet

Fully-adhered roof membrane

%J
Z/%

Min. two (2) layers insulation;
joints staggered horizontally Slope to drain

78N
7 —=—=
Water, air and vapor ///% g
coetocai vcashered (0l | [N==est:
-
771N s

Y

Peel-and-stick

and vertically min. 2%
———_+.
[ a'\ f_\. [ !\ & [ ;\ & [ ,\ -l > s\ &
’\ o . i - 5 . =
) ) ~ Vapor Control? |
Do N A B i b-.c.'!’_\, . B-.ali\. o '>--A
- B - -
g 2ol
‘ Note: A pre-formed membrane is
‘ required to span joints; fluid-applied
.

transition membrane;
air and water control

v

membranes cannot span gaps. A
typical self-adhered membrane can
span joints of less than about 1"
without support, which is why a

NI

Deflection space

7777

From: Straube, J.F. High-Performance
Enclosures, Building Science Press 2012.

Backer rod to fill
deflection joint and
debond water and air
barrier

Roofs 44

backer rod is shown.




Parapet flashing

Fully-adhered water
control membrane

Tapered rigid

Air control layer
transition membrane

Fiberglass batt

insulation

insulation
6
— 11
7
DA,
) 4
ZriiA )

Water, air and vapor
control membrane;
preferably fully-adhered

7
s

Cant

Perimeter of roof insulation wrapped in air control
membrane to block airflow from roof to parapet

Fully-adhered roof membrane

Two (2) layers insulation;
joints staggered horizontally

and vertically Slope to drain

min. 2%
—__’_

v

Peel and stick
transition membrane;
air and water control

VAT

7/

%l

7,

Fiberglass batt
insulation

of I-beam)

Backer rod fills gap

Light gauge steel framing
(installed slightly proud

AN

Air control membrane

7/ N\

Vapor Control?

Metal deck

e

v, |

\

Peel and stick
transition membrane;
air and water control

v

Water, air and vapor
control membrane;
preferably fully-adhered

P From: Straube, J.F. High-Performance

Enclosures, Building Science Press 2012.

\— Open web steel joist

Deflection track allows space
for sheathing to move



Parapet flashing

Fully-adhered water
control membrane \

Risk for cold-weather tall parapets

Air barrier transition

membrane

Water, air and vapor
control membrane; 7////
preferably fully-adhered L

Cant
Continuous air control membrane (vapor control
optional depending on climate)

Fully-adhered roof membrane

Min. two (2) layers insulation;
joints staggered horizontally
and vertically Slope to drain

min. 2%
__b.,

T

/

A1
From: Straube, J.F.

Enclosures, Building Science Press 2012.
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High-Performance

\

\\ \; \— Sheathing
Metal deck

Condensation can still
occur.

VA

[ \
\— Open web steel joist

Spray fibrous or foam insulation
(optional; climate dependent)



Parapet flashing

Fully-adhered water Tapered rigid
control membrane insulation

///// |
%

)

2 |b/ft® spray /// /A

polyurethane foam (27

2

Metal blocking ;////
between steel studs M

zzzpu||

Water, air and va % f_ |
conti rontrare, 77
%
%,
Y,
%, I's
7

From: Straube, J.F. High-Performance
Enclosures, Building Science Press 2012.

Air control layer
transition membrane

Vapor permeable peel-stick
diffusion often most practical

Polypropylene mesh supporting
/ flashing

Gap in membrane to allow
drying by vapor diffusion

Perimeter of roof insulation wrapped in air control
membrane to block airflow from roof to parapet

Fully adhered roof membrane

- Two (2) layers insulation; joints
staggered horizontally and vertically

L Metal deck L Air control
membrane

\
\— Open web

steel joist



Transition membrane to connect wall
and roof control membranes

Roof deck

Roofing membrane extended
over top of cant strip Slope to drain

Rigid insulation min. 2%

Metal coping

Cant strip

Rigid insulation

Fibrous insulation

Cladding (stucco —»
shown although many

Al T— Gypsum board
options available)

—— Air barrier membrane

Air and water control
membrane (e.g. fluid-
applied)

= Cavity insulation

— . —— — —— e m— —— — —— — . L m—— — — — . ——
n

From: Straube, J.F. High-Performance
Enclosures, Building Science Press 2012.



Conclusions / Summary

Good slope is critical

All low-slope roof membranes benefit from
lower temperatures and UV protection

Cool roofs are cooler... so condensation
risks increase

Now need a deck-level air barriers

Fully-adhered membranes are best

Vapor Control, not Vapor Barriers
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